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A HAND PUMP FOR RURAL AREAS OF DEVELOPING COUNTRIES

Only 20 per cent of the world's rural pop-
alation have access to safe watar. The best way of
remedying this situation is to provide shallow wells
and hand pumps, wherever possible. However existing
hand pumps ars expensive, complicated and have a high
failure rate. The report suggests a very simple new
pattern of hand pump, in which polyvinyl chloride well
casing is used as the pump cylinder, and other ccmpo-
nents can be standardized and mass-produced. The pump
is suitable for maintanance by villagers with minimal
mechanical skills,

This paper was prepared by W,K, Journey (Consultant) as part of a rasearch
project jointly spomsored by the Agriculture and Rural Development Departoent
and the Energy, Water and Telecommunications Department. Mr, Jourmey is now
Program Officer of the Population and Health Sciences Divisiom at the Inter-
national Development Rasearch Centre, Ottawa, Canada. Bank staff prinmcipally
concermed in the project wera Messrs, R.N, Middleton (Energy, Water and
Talecommunications) and J.P. Edgerton and S.V. Allison (Agriculture and Rural
Development) .,

Note: This paper was origimally issued in October 1976, This revision
ineorporatses in Annex 7 racent data from field trials on the wear of the
PVC cylinder,
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A Hand Pump and Well for Eural Arsas of Develcving Countries

Tha Problem

b 1 The World Health Organization has estimatsd that in 1975 only
20 percent of the world's rural population had access to safe water. To
bring safa watar to rural areas of developing countriss, the World Bank
reconmends in a rscent repor'bl-/ that, wherever possible, shallow wells and
hand pumps be used to raise groundwater. Groundwater, in contrast to sur-
facs watar, needs little or no treatment to make it safe.

2 These hand pumps, the report advises, must be "rugged, designed
for simple, trouble-free maintenance by local techmicians.” But this is
axactly contrary to the nature of availabls hand pumps. Costly and caa=-
plicated, available wells and hand pumps require dsveloped industries
(such as foundries), parts machined to close tolerances, and skilled main-
tenancs.

3. Availahle hand pumps werse designed for particular cenditions --
for tamperate climates, light use, and mamufacture by developed Indusiries.
When these imported hand pumps are installed in rural arsas of dsvelcping
countries, they socn break down and cannot be repairsd by villagers.
UNICEF indicated to a World Bank missien in 1975 that in India 70-30
percant of the hand pumps ars out of order at any given tims.

L. Esnd pumps must be redesigned for the conditions that actually
obtain in rural areas. Ths purpose of this paper 1s to set out these ccn-
diticns and to describe a design that suits them. .

Cenditions in Rural Watar Systems

Se Handpumped wells for rural areas should yleld as zuch safe drink=-
ing water as a perscn 13 willing and able to carTy away (seldom more than
20 liters at a time), for reascnable expenditurs of energy (the less the
betiar), in less than two or three minutas.

e The pump must perform reliably under almost continuous use, and
endure, Experisnce suggests that rural residents must maintain their water
supply themselves: support from cutsids agencies will probably be inade-
quata. To meet these conditions of endurancs and reliability under heavy
use, the design for hand pump and well must:

- Exploy local matarials as much as possible
= Be machanically very simpls, and
= Land itself to local, wmtrained maintenancs.

1/ World Bank, "Village Water Supply, " March 1976.



The Provosed Soluticm

Te This paper proposes a design which meets these conditicms. It

simplifiss hand pumps mechanically, and substitutas plastdc pipe for the
traditicnal steel and cast iron. This simplificaticn and substitution
significantly reduces costs, as indicatad in Table 1. All parts can be 4
made in developing countries, and replacement parts can be improvised " -
from local madtctmls.

8. Pumps designed on this principle can be used both for driniking
watar and irrigation.

Principal Features of the Desimm

9 The germsral design proposed (illustrated in Figure 1) consists
of a plastic upper well casing 3 inches in diametar that extends at least
12 feet below the minimum static water level. A reducer connects the upper
well casing to a plastic lower well casing.l/The lower well casing termi=
natas in a slottad plastic well screen set in the aquifer. The principal
features of this design are briefly summarized below.

(a) Plastic pive serves as the well casing and pump cylinder.
In conventicnal designs, a metal pump is lowered into a steel ~
well casing. This design eliminates the need for a complicated,
expensive metal pump and riser pipe. The well casing itself
beccmes the pump cylinder, as illustrated in Figurs 1,

The casing is plastic, rather than steel. The walls are ex-
cspticnally smooth,2/ and this reduces the ccefficient of
fricticn between the pipe and parts that ccmtact if, thus
saving wear on ths piston cup seals.l/

Plastic pipe costs about cme-fifth the price of metal pipe.
Polyvinyl chloride (FVC),:/ the plastic specified in this
design, is extruded in many developing countries. It is
lightweight and can easily be transported and installed,
Installed, plastic pipe is inert and is not affactad by .
aggressive ground or watar conditions.

1/ .A Drototype low-cost well screen, made from PVC pipe of a special secticn and
suitable for slotting locally, is described in paper RES 1L in +his series.

2/ An off-the-shelf polyvinyl chloride pipe selected at random from the
stock of Preussag, A.G. and tested at the Tecihnische Hochscimls, Hannover,

Germany, had a micro=finish of 2 microms. This 1s comparable to the finish
cf an exiruded brass cylinder.

3/ Battalle Memorial Instituts established ccnclusively in 1967 that wear
on the ni.:)’atan cup seals resulted from roughness of cylinder walls. (Fannen
and Frink).

\

4/ Adthough other plastics, for example ABS or polyethylene, could also be
cansidered and should be evaluated in field trials (see also Annex L).
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These charactaristics suprort the substitution of FVC for metal
pipe as well casing. Since the PVC pipe also acts as the pump
cylinder, however, it is essentlal to establish the rats of wear
of PVC as a functicn of the muber of strokes, pressurs head,

and water quality. Ammex 5 summarizes a controlled laboratory
rate=-of-wear experiment in progress: in addition, FVC pipe should
be fisld-tested under condiiicns of actual use,

(b) Submerged, intarchangeabls piston and check valve increage
efficiency and reduce complexity. In this design, pistcn and
check valve remain belcw the surfacs of water in the well.
Watar is forced ahead of the piston, avedding suction losses.
Sutmarging the piston and check valve alsc keeps pistcn seals
wet, minimizing wear and cracks. This arrangement is therefore
more efficient hydraulically than surface-acunted piston pumps.

The well is always rsady for use, and need never be primed. The
pisten and check valve can be brought up for inspecticn and re-
pair by pulling up the pump rod, which can be dcne by cme perscn.
In contrast, inspection and repair of available deep well hand
pumps is a three-person job because of the weight of the (cften
f1l11) riser pipe and cylinder.

Both piston and check valve are rmade of the same interchangeable
compepents: perforated plastic discs with flapper valves cover—
ing the holes. These are illustrated in Figure 2. Nylon-
reinforced necprene is proposed for ths flapper valves: Battalle
Memorial Institutes concluded from laboratory tests that flapper
valves made of this matsrial wear i.ndaﬁnitah.y If the valves
should ever need to be replaced, substitutss can easily be cut
ocut of leathsr, rubber, or canvas.

Thase valves should last longer than conventdonal types: In
the conventicmal design, cast-irenm poppet valves or ball valves
pound against the valve seat, and beccms distortad with heavy
us8.

(¢) ©Pump rod empl local materials. A pump rod connects the
lsver me§ and piston. The pump rod should add no wedght
that would require additicnal energy to 1lift. This ldeal weight=-
lessness can be acccmplished by neutzralizing the pumperod's
weight in water, by making tha rod either of buoyant matsarial,
such as locally availahle wocd, or galvanized steel tubing with
sealed air chambers. Ths woodsn pump rod should be complstaly
sutmerged to prevent rotiing by aercbic bacteria. Bamboo might
be used where plentiful, if adequate joints and couplings could
be devised,

1/ Battalle Memorial Institute, Fanncn and Frink, 1967.
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(d) Pump-rod guides may not be necessary. The Batielle Memorial
Institute reports that "Pumps are made the world over with oscil-

lating unguided pump rods and with guided pump rods. Geperally
speaking, guided pump rods are used on the deeper wells. Hcwever,
theres is no data for the effactiveness of the guided pump rod in
providing longer lifs for the cups. Apparently, the main reason
for using guided pump rods is to provide a more stable pump rod
for use with wind mills, pamp Jacks, force pumps, or heavy-duty
equipment.®l/ The only two conditicns that might indicate a nsed
for pump-rod guides in this design would be:

(1) If water is pumped to an overhead storage tank for
subsequent distribtution, or

(i1) If the upper well casing is small (1% inch diameter).

In the first case, the space around the pump rod above the outlat
would requires sealing -- probably with a packing gland (as indi-
cated in Figure )2/, The guides serve to restrict movement of
the pump rod to the vertical axis of the well, sc as to prevent
excessive wear cn the packing gland.

In the seccnd case, movement of the pump rod should be restrictad
to aveid rubbing against the casing. However, these two cases
should only rarely occur in rural areas of dewveloping countries:
overbead storage is seldem required, and using a pipe of suffi-
cient diametsar as both well casing and cylinder (as this design
specifies) should provide amplas roam for an cscillating pump rod.

Nevertheless, scme workers report that, if guides are not used,
the flexing of the upper porticn of the pump rod may cause it to
unccouple. A heavy box and pin butt-joint pump-rod connector with
parallel threads to prevent uncoupling is therefors reccmmended.
(typical examplas are shown in Annex 2).

Should rod guides prove to be needed, the traditicmal arrangement
of a brass or bronze bushing, through which the top of the red
reciprocatas, should be replaced with plastic parts. The pump
rod could be centared by a2 polyethylene sacrificial disc held in
place between two joints. Polyethylene is slightly softar than
PVC, and can be expected to wear scmewhat faster, but the inter-
face of these two plastics, automatically lubricated by water,
would wear far betiar than the typical unlubricated steel/brass
rod guide. The sacrificial disc would be set one or two joints
frem the top of the pump rod, and the inherent flexibility of
this upper porticn of the pump rod will allow oscillation as the

end of the pump bandle swings through its arc during pumpins.

N
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piston cup seals have been used since early Roman t:lmes,y as
illustrated in Figure 3.

Cup seals of goed quality leather have lasted up to 3 year in a
FVC-lined well in Bangladesh.2/ Rubber cups, available in Thailand
and Korea, may also prove acceptable.

UNICEF detarmined in 1975 that PVC cups wear PVC cylinders.l/
Oversized leather cups also abrade plastic from cylinder walls
by overstressing the surface. A loose fit of the assembled dry
pisten (up to 2 mm clearance) in the cylinder appears sufficient
to ninimize wear from leather cups.

Laboratory tasts (described in Annex 5) indicate that in a properiy
developed well, wear between the piston cup seals and the cylinder
is pegligible, This finding should be tastad in the field. Shculd
wear occur faster than cur evidence indicates, the pump rod can
easily be shortened so that the cup seals bear on an unworn section
of ths PVC cylinder/casing.

Well DeweloTment

10, Many wells fail because fine sand is drawn in through the well
screen and rapidly fills up the screen. To avoid this, the well must be
preperly "developed™ before it is brought into service.

1l. By forcing watear out through the screen and back in again at high
velocity, and bailing cut the screen, fine sand can be remowved. Coarser
particles remain in the area around the screen, acting as a filter against
fine sand and increasing permeability. Once complate, this "development™®
stabilizes the agquifer permanently.

12, A develorment tcol (surge plunger) can be improvised for this
procsss using the pump red and piston, with the flapper valve cn the latiar
sandwiched between the discs rather than resting on top of them, and with
the lsather cup removed to avoid damaging the walls of the well casing,

1/ In the Roman design, a conical leather pouch hangs point-downward. When
the piston is pulled up, the large end presses against cylinder walls, making
a2 water-tight seal. The pouch folds up ocn the downstroke, allowing watar o
Se

-

2/ A PVC-lined Battelle pump was installed in an urban slum in Dacca, Bangla=
desh in June 1973. One year later the cup was worm to a nub, but still made
a hydraulic seal. The cylinder wear was negligiblas.

3/ PVC cups, however, work well in cast-iron cylinders in Bangladesh: plastic
hones the cast-iron cylinder walls smcoth. PVYC cups would not wear or crack
from cyclical wetting and drying in a sucticn pump with a leaky check valwe,



Adavtation for Irrigation

13.
rasidents
sons:

(a)

(v)

.

T™wo changes in the design described above should emable rural
to pump the greater volumes required for irrigaticm in dry sea=-

Enlarging the diametsr of the upper well-casing to
increase cutput per stroks, and

Incorporating a pendulum in the lever systam to allow
the pump to be operated for ssveral hcurs at a tine
without excsssive sffort.

These changes are illustrated on page 8 of Annex L

The pendulum-lsver system hangs in wooden bearings frem an iren

frame that alsoc holds the four legs that support it. These legs may be
wood or bamboo, and the counterwsight sandbags or any other convenlent

natarial,

may be adj
lever arm.

To suit local prefersnces, the natural frequency of the laver
usted by altering the positicn of the ccunterweight cn the long
Annex 1 gives more information on this modificaticn, and appro=-

priate applicatiecms.

D fferences batween Provosed Design and QOtker +tams [ Plastic Pire

1s.
tic for me

Annex 7 describes three pumps and wells that also substitute plas=-

tal pipe. Thres important diffarences distinguisn this proposed

design from otbers employing FVC pipe:

(a)

(v)

(e)

Linmits of
16. (a)

Piston and check valve ars always submerged belcw the
static watar level of the wall.

Only bell flare and nipple joints are used in the 3 inch
diametsr upper well casing., Furthermors, the bell flares
(female ends) are orientad downwards. Separats socket flttings
are not used. This allows the check valve to be easily with-
drawvn. The reverss orisntation (nipple-ends downward =— the
usual case) prsvents the check valve from being pulled up for
maintenancs.

The last 15 cm of the boticm pipe of the upper well casing
taper, reducing in diameter about 0.5 cm over this length,
or approximatsly 1°, Compression of the leather cup in the
taper holds the chack valve in placs; bullding up several
layers of solvent cement cn the inside of ths pipe end has
the same effect.

the Materials
Transport. FPVC pipe may be bandled successfully with ainizum

precautions. For example, it should not be stacked under heavy
objects, and the ends of the pipe should be protactad frem



(v)

(e)

(d)

qa-b

mechanical abuse. Whenever pecssible, smaller pipe can be tele=-
scoped inside larger pipe.

Storage. PVC plastic is composed of leng chains of pelymers
that alter chemically if exposed to direct sunlight for long
periods. Exposure to sunlight causes the material to become
brittle, interfering with solvent-cement welding.

PVC is rigid at ambisnt temperatures, tut will gradually deform
under moderate pressure; for example, from its cwn weignt or that
of a point load. It should always be stacked om a level, solid
surface., The height of the stack should not exceed two meters,
and the pipe shnuld. never be stacked on end for leng perieds of
time.

Jointing. Only two methods of jointing PVC pipe are suitable
for this application:

(1) Solvent camenting, which fuses one pipe to the other, and
(1i) Threaded ends, altermately nipples and bell flares.

Problems may attend either method under field conditioms, but
each offers corresponding advantages:

(1) Solvent cement bhas a limited shelf-lifa., The ends of the
pipe must be clean and dry and reascnably round. But un=-
threaded pipe is usually cheaper, and any damage it nay
suffer easier to correct. O(ncs the Jjoint is made it is
perzanent and must be destroyed to separats the pipe.

(1i) Threaded joints may be ummade and remade as necessary
without compromising the joint. PVC pipe threads, espe=-
cially those on the nipple ends, should be protactad with a
PVC slip-cn cap, btut if damaged may be rethreaded with a
standard pipe die if a dowel is driven into the pipe befors
threading is begun. Oval deformation of either male or
female ends makas starting the threaded joint difficult,
and if the threaded btell flars is broken, reflaring the
Pipe and cutting female threads under field conditions is
difficult. Usually, sclvent cement is used as a stand-ty
to Join pipe when rethreading is toco troublesome.

Limits of Plastic Casing, Small-diameter (1% inch diameter) rigid
FVC pipe has been used successfully in wells up to 200 mstars

deep in Germany and Japan. Tensicn breaks are not likely to occur
when lowering FVC pipe into a borshole, especially cne frll of
water, sincs the specific gravity of PVC (1.38) makes the weight
of the pire negligible when submerged.
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Plastic pipe cannot be driven. An open borebole zust be main-
tained into which the plastic pipe is lcowered. The borsbole must
stand oven naturally or must be induced %o do so by hydrostatic
pressurs, drilling mud or steel-pipe casing.

As a general ruls, casing can be avolded when drilling in allu-
vim with ons of thes varims hydraulic tachniques such as jetiing,
hydraulic rotary, or the "iollow rod" method.l/ Where a borencle
will not remain open during drilling (for example, in alternating
consolidatad and unconsolidated strata using the cabls tool method),
stael casing mmst be driven and FVC pipe lowered inside it. After
installation of the FVC well, the stael pipe is pullad and recoversd
(1f possible). This is, howaver, time-consuming and expensive.

Rejuvenating 0ld Wells

i7.

Many developing countries have large numbers of taubewells which

are not in sarvics. In most cases the pump is at fanlt; in others tha
screen is stopped up with gradually accumulated sand. To put the wells
back into service ths following procecdures is reccmmended:

(a)
(b)

(e)

(@)

(e)

(£)

Bemove the cast iron pump, steel riser pipe and brass cylinder.

If necessary altarmately bail out the screen and surge the well
wmtll it is clean and the aquifer has been stabilized.

Install 3"4 or 274 PVC riser pipe inside the stsel upper casing.

Install check valve and piston of the recommendsd pattam (Figure 2),
reusing the old pump red.

Maks upper structure from masonry or reinforced concrete; handle
and bearings from woed, pivots from old riser pipe.

Recover all brass, cast ircn, fastaners and usabls stael pipe
for sale to finance the rejuvenaticn of ths well.

1/ Xncwn in Bangladesh as the "sludger” method.



Apnex 1
Page 1

FENDULUM FUMP

What is 1t?

A manually operated pump

- incorporating a new principle (the pendulum) to conserve energy,
and a new matarial (PVC) to minimize frictiocn, corrosion and de-
terioratiom.

Why do we need it?

As a minimum cost, minimum maintenance, soluticn to the problem
of lifting irrigation water frem wells, and to aveid the social/
organizational problems asscciated with shared irrigation supplies.

Where will it work best?

wWhere high populaticn densities and high water tables coincids,
i.e., Northeastern India and Bangladesh, possibly the Nile Delta,
and scme places in Indcnesia.

Who will it work for?

The spallest farmers, who with even the limitad cash and erergy
rescurces available to them, can use it to produce encugh to feed
themselves and their families,

What will it cost?

Less than $100 (installed), with much of this being in labor and
local materials contributed by the farmer, the rest locally
mamifactured. :

Eow bard is it to work?
Cne man with this pump can 1ift 18 gpm, more or less steadily,
frem 2 depth of 12 feet. (Visualizs carrying a gallen jug in each
band up a flight of stairs every 7 seconds!). There is no way to
make this easy, regardless of the ingenuity of the machine employed,
but if the altarmative is going without food, that is not exactly
easy either. In the course of a 120-day seascn, bhe may work, on
the average, 5 hours per day, for a total of 600 hours.

What will he get for this effort?
From a half-acr= of land he should get about 1200 lbs of rice,

i.e., for each hour of work he gets abcut 2 lbs, or two days'
foed for a member of his family,
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The Need for Improved Techrnology in Manual Pumping of Irrizaticn Water

by Se V. Alliscn¥

Background and Stateament of Problam

1. Over an area excseding LO million ha in monscon Asia, intensive
crop production is possible only with irrigatiom. Soils are good and
temperatures are sufficient for year round cultivation. Becsuse of high
annual rainfall, water resources are generally adequate. The principal
problem is the difficulty of getting the water from wherever it is (under-
ground, or in streams and ponds) cnto the land, where it is needed to

support cropring activities.

2e This situation,of course, provided the justification for in=-
mumerable irrigation works which have been built over the centuries. A
wide variety of constraints are now operating however to prevent the rate
of comstruction of new facilities from equalling the rate of increase of
demand for food. Additional solutdoms are thus required.

3e Mammal pumping shows promise for thls purpose becsuse:
a) these ars typically labor surplus regions;

b) the costs of other energy scurces continue to rise sharply and
there is a continuing shortage of fuel;

e) the capital costs of individnally operatad manual pumping units
are sufficiently low to permit their purchase by even the
smallest farmers;

d) the enerzy requirsments for pumping can be provided froem within
the smallest farm family;

e) the water cutput of mamual pumping units can mest the entire
irrigaticn needs of the small blocks of land typically cwned; and

z) because of the happy match between rescurces and requirements,
these unita can be installed and cperatad without the need for
cooperation between farmers, which has proved to be a majer
stumbling block for most other types of irzigation facility.

ke Mamal liftdng of irrigation watsr has, of course, been practised
in Asia for centuries. Except whers 1ifts wers very low (less than 1 m) it
bas howsver been found too costly in countries which had the pcss:t‘:ility

1/ Octocber 1975 (Intarmal World Bank memorandum).
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of cne major rainfed crop per year; the econamics of rainfed cropping

kept food prices below the opportunity cost of the labor needed to procduce
more food by manual pumping. In more arid areas, whers all cropping depended
on irrigation, man/land ratics were lower and much irrigzaticn was done by
animal powered pumps. Where semi-arid conditicns and high populatien
densities coincide, as in China, manual pumping became and still is ccmmen.

Se The principal factor which has creatad the current need for manual
pumping in Scuth Asia in the course of the last few years is thus the
populaticn increase, which has:

a) pushed the demand for food up faster than the supply, with the
expactad effect on food prices, and

b) made more human labor available at costs which are lower relative
to the coat of food.

e One of the most important limitations of the manual pumping approach
is the balance between the amount of enerzy available in a (not very well
nourished) human body, and the large quantitiss of water required in the
irrigation of any crop, particulariy rice. The critical nature of this
balance means that, for manual pumping to pay, absclutaly minimal quantities
of enerzy must be wasted overcoming frictiom or lifting water which is then
rermitiad to slip back down the well. It is in this respect that most cur-
rently available handpumps are unsatisfactory. They wers designed primarily
for drinkcing watar purposes and conservation of the mman energzy input was
never an important consideration.

Descripticn of Improved Technolozy

To Under the pressure of rising fcod costs and severe unemployment
attenticn is again being focussed cn this problem. Thers is now reascn

to believe that ingenious mechanical design, coupled with the use of new
matarials, can minimize energy losses to make manual pumping for irrization
purposes a feasible and attractive propositicn.

8. Cne such design is illunstratad in Fig. 1. The distinctive features
bere are:

a) elimination of the standard cast irom pump body, by expanding the
upper 5 m of well casing to beccme the pump cylinder;

b) setting of a simple piston below the water table in such a
position that water will be “1lifted directly ratrker than by sucticn,
and the piston gasket (pump leather) will remain moist at all times
instead of passing through the wetting and drying cycles which
cause detarioraticn of gasksts in surface mounted pumps which have
their pistons above the water table;

) use of low cost FVC pipe with very smcoth interior surfaces for
all downwell compcrents, eliminating the possibility of corresion
and minimizing enmergy losses due to friction. This pipe is easy
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to transport and may be installed without difficulty by local
artisans;

d) use of & ribbed and fine slotted PVC well scre=en, in which the
ribs act to facilitata the development of a natural granular
filter around the screen, and the slots ars sized to pass ths
required fraction of fines == and not more —— of the materdial

~ from the surrounding aquifer;

e) use of a simply supported pendulum above the well, to maximize
mechanical advantage and conservation of the energy expended in

pumping.

9. The pump has been designed to use energy at a rats which can be
sustained up to 5 hours a day, by a small man working under tropical
conditions (i.e. about 0,067 HP). The actual horizontal force which has
to be applied to the push handle is between 7 and 10 kg, for 1ifts of

3 and 5 m respectively.

10. With this energy input, the pump will perform as summarized on
Fig. l. BEydraulic performance has been testad successfully under
laboratory conditions but not, to dats, in the fileld.

1. A pump of this design will cost about $100 installed, as detailed
in Annex 1.

Cost/Bensfit Analysis

12. To obtain perspective on the economic merits of thds design

it may be compared with two principal altermatives: power-pumred shallcw
tubewells, and manually operated units using pump of desizns currently
in use. 4As all altsrnmatives show ecomomic returns well in excess of

the opportunity cost of capital and range upwards, depending on the
assumptions used, to well over 100%, a more relevant critericn for com-
parative purpcoses is the contribution of irrigation to the cost of the
rice produced. The important variables and assumpticns in tids analysis
are presentad in Annex 1, and the results are smmarized in Fig. 2.

13. Several conclusions can be drawn from Fig, 2. It appears that,
except at very near zero wage ratas, powsr pumping is substantially more
attractive than marmual puaping. This is certainly trme from the enginsering
and eccncmic viewpoints, but it is valid enly within bounds defined by
social and organizational constraints toco complex to be neatly quantdfied.
For a start the procsss of compariscon implies that we have a choice, or
must choose, betwesen these tachnologies. Thes fact is that the power pumped
vwells are being installed throughout the regin at a high rats and in fact
about as fast as financial and organizational comstraints permit. Under
these circumstances what we would reccmmend is not that manual pumping
installations should be supportad instead of power pumps, btut in tion
to them.
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1L, Secondly, electricity is simply not availabls in some areas, so
power pumping implies the use of an intermal combusticn engine. For the
necessary dagree of reliability this means diesel engines and these ars
not made smaller than about L.5 HP. If cne is used it means either:

a) producing encugh water for 5 to 15 farmers, with associated
requirements for organizaticn or cooperation, or

b) leaving a costly pieces of equipment unused for between 50 and
90% of the time it cculd be working.

15. Finally, it has to be emphasized that, with the minimum cost of

a power pump installation being about 31,300, cnly the larger farmers have
the cash, or the influence necsssary to get credit instead of cash. The
manual pumping altermative, by contrast, is biased toward the smaller farmer
because, from the farmers' perspective, this apprcach is considerably more
attractive financially when labor intermal to the farm family is used for
pumping. A farmer with more than 3 ha of land would be incapable of having
a family large enocugn to irrigate it all by manual pumping.

Potential for Devaloument

158, It is clear that manual pumping, by any means, 1s a practdcal
proposition for irrigation only when the static 1ift is less than 5 m.

There are substantial areas (probably L to 5 million gress ka) in the most
densely populated parts of the Indo=-Gargetic plain, whers ths watar table
rises to near or above the surface during the rainy season and then falls

to 4 m or less before the onset of the next monsoom. This condition is
typically reached only in April or May, while the wintar rice crop maturss
in March and may even benefit from drying out in April. During the important
..n'iggticn menths, Decamber to February, th.e average lift will thus be less
than 3 m.

17. Irrigation from wells of any type will hastan the depleticn of
the watar table as shown in the following table:

Fraction of Area Irrigated (%) Additional Depth of Watar Tabls (m)

End December End Néarch
10 0.26 0.85
25 0.66 , 2,12
50 1.32 Lo2b
18. This suggests that, in 4 million ha, manmal wells should not be

installed to serve more than about a million ha. This would still require
3 million wells == scope enough for a major investment program.
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Next Stecs
19. What is needed next is a seriss of tasts, to ensure that the new

pamp functions as well in the field as it does in the workshop. Ferformance
in terms of areas irrigatad under different ccnditions, and the reactions of
the farmers to the pendulum operating principle, need to be closely monitored
through an entire irrigation season.

20. Only when this pbase, which should, ideally, include 30 to 50
installations in differding areas, is complete will the concept be suf-
ficiently proven to include in large quantities and major projects. A% toe
present time we have several projects in the pipeline which may include
mannal pumping. Unless the pendulum principle is proven first, however,
pumps of traditional design will be used, and project bepefits will be
significantly lower than if the mman energy input was expended more ef-
ficiently.
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A. Detailed Cost Estimate 'f\
Cost (3)
Iten Quantity Local Foreign Total
Upper well casing (120 mm dia.) 6= - 18.00 18.00
lower well casing ( 37.5 mmdia.) 1l m - 22.00 22.00
Well screen ( 37.5 mm dda.) 5.5m = 11.00 11.00
Pump 12.00 12.00 2L.00
Installation 15.00 - 15.00 s
27.00 63.00 90.00
Contingencies 3.C00 7 .00 10.00
30,00 70.00 100.00 )
B. UVariables and Assumptions in Cost/Benefit Analysis
Power Pumped Manually Pumped
Shallow Well Present Desigzn  New Desizn
Capital Cest ($) 1,300 70.00 109.00
Area Irrigated (ha) 6 0.13 0.25
Incremental Rice Preoduction
(tons/crop) 15 v Q.45 0.825
GVP at $200/ton 3,000 90.00 165.00 &
GVP/Cepital Investment el 1.28 1.65
Pumping Energy Use ’
Power (gals diesel) 13k -
Manual (kg rice) - '30.00
Talue of Energy Consumed
Diesel price range 53.60 to
(0.L0 - 1.00/gal) 13Lk.00
Rice price ( .20 cts./kz.) -~ 6.00
Operating Labor Requirements 12 120 ]
(man/day/crop) .
Labor Costs ($/crop) 1.20 to 12.00 to .
(Range $0.10-1.00/day) 12.00 120.00 .
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Coat Compar]son betweon lsndpusp Tubewells of Traditional Deslgn and Those Uslug PVC Extonsively

------------------------- T EWELL A--rmeemeee o soemmemmmeee e T U BE W E L L Bommmmmemmmmcccamos e T ———
Steel plpo, well cas and screeun, cast lron WC plpa, well unl.:. #sud screon, cast Lvou W plps

Sim Ttem £x i::lﬂ: .':!LL' o EllZUnlt Buia Tlew
132 ) 15 1 ¢ Ive plpe
& m_/h [

[4 1# l-vc rtd.unur 3" x " WEC reduca
[ e p

30 o 26 MY PVe plpe
! # pe uqll screen /3/1‘1].513 Lo i Y WC well scre
} Bub-Totul: Mk

o iy

A d a1, pipe ™
L w 1)* 6.1, reducer - 1
i ¥ G.Y. plpe - 30

¢ Stuladeus Siecl wall acresn k]

2.25
49.29
Bob-Total; 5k

1
Cast 4row pusp stand - 1 m.uu‘/ 90 Cast Lronguep ulgpud - 90, 0 9o Flutunfeheck
j ¥ Waus cylinder and valvas - 1 116.10 116 3" ¥ Lrass M n-l-r wnd valves v 1 16.10 116 Hooden hundle
“Alrcite” ateel pap rods “Alrt h' ﬂ.cc "u{t\rmll " Mooden Learluga
(3/6* ¢) - 15 5.60 By _~ - 15 5.60 [ 1" a.n. plpe sl
G, plpa - 15 2.25 S Y u 1 rl:- s 15 2.25 k. Bricke
/‘— \.-“ Cemant
g Lubor
_ - "oy LN "alveiee® 3/0% o G
Bub-futal; 32k , "'\_) Sub-Total: 3k
Aggrcgatle 0.50 5 Aggregnta cu, ft, '9- : 0.50 a Agarcguty
Cement 2.00 § Cemant \ 100 b, suck 2 "« 2.00 Cement
Lalior 5.00 10 Labor san-day 2 §.00 _lo Labor
Hub-Tulal; 19 { Sub-Tutul; 19
Totalg E‘!L I Tutal; m

l_f UHICEF avarsge purchase price for a Dumpaler daep well pusp sland) other pusp componsnts priced from “Clayton Mark™ culalogue, April 1976, \\
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LAY LON MHMARR & CCMBPAINY
VANSTON,ILL. U.S.A.

Octagon Ash Wood Pump Rods

= R T S B B e e T

o W; For All-Depth Wells

Numker 827 Type

Made of 4rst susiity esh wead with squcTe 2nds ond ‘urnished in romdsm lengths 2 lset to 22 imet; axcst langths mcZe
'o crder =: scecici prices. Couglings (No. 508 sattarn) are sieel pcinrac siccx, or gaivanizad, after icsricotion; box <=d zin
scis 8 of selid hexsgon sieel with wrensi-gris section; Sox i3 recesied o permit Sutt jeint thracEs cut 3nop and ttue <t
so—=e size cs, =n2 intarchcmgechla with, sil wall caugpiings.

Crder by Trade Number. Siating Size, Whather 3lank. with 3lack Coupiings. or with Galvazized Cauplings.

—— ' ——
: } 1 Approzimate Weigat

‘Waad 3ox and Pia | Number | Used 12 Per |00 Teet, Pouads = —— T S B ity -
Rod : ! Aivet Pipe i

Size ' Size ' Thrwads | Hoies . Sue Wita

lacass laches | ferlaca , Per 3lade faczes : 3lazx Caupiings | _ T SR u
Ly i 12 4 2 s 43 - ha
1 | 10 5 21, 45 7 it IO
134 4 10 3 3 70 1CQ

Airtite Steel Pump Rod

Galvenized

Suitable for Singie and Couble Actng Crlinder Servics in Ail-Cecth Veils.

Much stronger cnc mere durchle in iy secvice them csrresgonding sizs weod sucker rod: com Se instciled with tcels
sc=e = used with weod suczar roc

M=ce of sicnders steel mice with ssuplings weidsd !o sipe, =ckizg scch secthcn q secled oir chamrber.

Couplings == sclid stesei with squcrs shcuiders; Dox is recessed 'o permit Sum jownts; tar iz sut snaxy, irue, =ud Tacted
'3 srevent carrUsian, cre 3Cma size =S, cnd =cy e used with., woed sucxar red or cil weil 2ouplings.

Airite steel sump red in ten lset lengths with Na. 380 guica csuplings (see cge 33) will not s'werre ar whip on Zown-
stroke =md iz the best ior doudle =cing cviincer ccerzlon.

Qrder by Trade Number. Sigting Langth,

o - —— . — e —— - — — —

P P T R P S
Teads | Sivw ' ood 3od Slss | Sizs | Thresds | Aemdem ser 10O feet |
Nuh.cf | laca l lach i ?er lask | Founds I s i
Lo oMol gl B 8 - .
27 1 M| el | o | ~ 1z [
s+ 1K 2% | l 8 | 250 !
5 Z Jar 3k 114 g8 | 420 !
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PVC-STEEL COSTS

COST CO“PARIQOH OF 2" DIAMETER STEEL V8, .2" DIAMETER PVC FPIPE
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OBTAINASLE FRCM VARICUS MATERIALS

Material Unit Length of Pipe (meters)

(Mtons) 1 1/2" dia, 2" dia., I dia, L" dia, 6" dia.
Steel 1 2L6 1383 a8 62 35
PVC 1 2,667 1,869 1121 78L L21
AZS 1 3,443 2,439 1,439 1,020 5ké

April 1976 pipe prices: Steel $5h5/tom; PVC 395T7/tem, AZS 31,144 /ton

Yeminal Diameter Cost/meter
(in) (=) *PVC *ABS #4Staeel
1 /4 35 Q.72 0.87 _ 1.90
1 3/2 40 0.86 0.72 2.2%
- 50 1.24 1478 3.0k
3 80 2.08 1.90 5.98
L 100 2.54 2.68 8.83
€ 150 5.47 5.00 15.57

* Based on April 1976 production and raw material costs plus a profit margin of
20% to approximste am F.0.B. price.

## Quote from Bethlehem 3teel Corgoration, F.0.3., 3altimore, ipril 1576»
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Relative Merits of Acrylonitrits Butadiene Styrene (4ABS) vs. Polyvinyl
Chloride (PVC) in Tubewell Construction

Discussions with Borg-Warmer, a manufacturer of AES indicate that
the two thermoplastics are very similar in physical properties and equally
chemically inert in the ground. ABS has been used for years as drain pipe.
Specifications for ABS well casing are now being prepared for approval by
AST™, The manufacturesr expects that ABS will competa successfully with
PVC in groundwater applications because of its slight advantages:

= volumetrically less expensive;

= axtrusion is somewhat simpler; less build-up on dias;
- higher distortion temperature (180° F vs. 170° 7);

= resists abrasicn at least as well as FVC.

The most prominent difference between ABS and PVC is that ABS has
only balf the internal pressure rating of PVC.
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RATE OF WEAR OF PVC FUMP CTYLINDERS

(Conductad by Preussag, Xunststoffe u. Armaturen, Hannover, Germany)

Lengths of 3-inch diameter FVC pipe are being testad for applica-
ticn as the workding barrel of piston pumpe The object of the test 1s to
measure the wear (loss of matarial from the walls) of the pipe. Two tast
benches were built each with sixtaen cylindsrs mountad as individnal units
with a gate valve and a mancmeter:

The system is driven at 30 cycles/minuta through a transmission
which alternatively lifts and depresses two transverse bars to which the
piston push rods are connected.

Each piston consists of four PVC plastic discs with four 16 mm
diameter holes at 50° arcund a centar hole (occupied by the 4O cm long push
rod); the holes are coversd by a 2 mm thick flapper of nylon reinforced
necprene., Two lsather cups make a seal against the cylinder walls.

The 30 cm long PVC cylinders were cut from randemly selectad
producticn pipe. The wall thicimess was measured at selected points in
the middle of the cylinders and each point was marked. The cylinders were
installed in the test benches, the watsr tanks wers placed under them and
filled with watar.

When the piston ascends watar is lifted frum the tank and pushed
through the discharge pipe in which the gats valve is located. The gate
valve i3 throttled, creating a pressure which is neasured by the mancmatar.
The water 1s then recirculatad in the tank.

The water tanks are open, allowing atmospheric dust and foreign
matter to enter the watar. Periodically watar is added to the tanks to
campensats for evaperation.

The test benches simulats pressure heads ranging from C.5 to
3.0 atnmospheres (pumping depths of 15 to 100 feet).

T™he PYC cylinders were removed after 340,000 cycles and measured
for wear at the marksd positions. A maximm decrsase in wall thickness
of Q.10 mm was recorded. Pumping pressure was observed to remain constant.

After 500,000 cycles the cylinders wers again measured for wear,
A narimm decrease in wall thickness of 0.15 mm was observed, also with an

unchanged pressure reading.

After 1,500,000 cycles the maximm measured decrsase was O.L0 mm
still with unchanged pressure readings. The experiment continues as of
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Qil Soaked Bearings: How to Make Them

Compiled by John Collett, ITDG Project Qfficer, National College of Agricultural Engineering,
Silsoe, Beds. from designs by H. Pearson

The purpose of this article is to provide some backzround
information (or both constructors and designers who wish

to use wood bearings. The type ot wood to use, its
treatment, lubrication and expected pertormance are
included.

Advantages

Some of the advantages of oil-souked wood bearings are
obvious. They can be made from available materiais by
local craftsmen with woodworking skills. They are easily
assembled, do not require lubrication or maintenance,
and operate under dirty conditions. They can be quickly
repaired or repiaced and provide a1 temporary means of
repairing 2 more sophisticated production beuaring. They
also require low tolerance on both the shafts and the
housings.

One of the essential characteristics to look for in the
choice of wood is hardness. Because the hardar the
bearing surface, the iess the deformution and the smailer
the coefficient of friction and the luwer the rate of
wear. [t is also unlikely to break down prematurely,
singe or ultimately bum. [t is also worth noting that,
generally, the harder the wood, the greater its weight
and the mar @ difficult it is to work

The oiliness of the wood is a particularly important
considerativa when the bearings zre unlikely (or not
intended) 10 receive lubrication during their service.

Practical indicators that assist the identification of timbers

which may have good self-ubricating properties are: they
are easily polished, do not react with acids, are ditficuit
to impregnate with preservatives and glue dues nut easily
stick to them.

Other consideratians

High moisture content causes a reduction in hardness and
resuits in greater wear. For most appiications low muisture
content is preferred and excess muisture must be removed
to prevent subsequent shrinkage, especially it the bearing
is to be used as a bush.

The hardest wood is to be found in the main trunk
just below the first branch.

Gain direction should be cunsidered. and if pussible
advantage taken of the close grain to provide hardness
at the wearing surtuce.

The piece of timber selected for the bearing should be free
from cracks. Sume suitable timbers are listed below:

“Greasy™ woods Lignum vitae (Guaiacum officinale)

Tallowood  (Eucaliptus microcorys)
Teak (Tectona grandis)
Blackbutt (Eucaliptus pilularis)

Other woods Poon (Calophyilum tormentosum)
Hombeam (Carpinus botulus)

Degame (Calycophyilum
carididissimum)

Boxwoud (Phyllostyion brasiliense)

Pear (Pyrrus communis)

Qak (Quercus robur)

Camphorwood  (Dryubalanops aromatica)

If the timber is not uf the self-lubricating variety (or of
doubtful self-lubricating characteristics) it can be soaked in
oil to minimize the need tor subsequent lubrication. [t is
important to have dry wood to assist maximum absorption
of vil.

Construction

The foilowing notes relate to experience gained in the “fieid”
manufacture und tesung of three types of wuod bearing —
the bush bearing, the spiit-block bearing and the one-piece
block bearing. All ure of the vil-soaked variety. H.S.

Pearson has suggested that as a general rule-of thumb

guide to the size ot timber needed lur the bearing, the

axial length or the bearing should be at least twice the

shaft diameter. For examele, tor 1 25mm diametar axle,

the bearing should be at least 30mm long.

In the case of the block bearings. the thickness of beuring
material at any point shouid not be less than the shaft
diameter.

The driiling ot radial heles for lubrication purposes is
only recommended Hy Pearson tor the bush tvpe of bear-
ing. He found that it fubricated hules were dnilled in block
bearings not oniy were the hezrings weakened but alsu the
holes acted as dirt traps.

Whenever possible the bearings should be [ocated in a posi-
tion where fulling ditt will not directly enter the bearing.
For example, if the axle is carried in bearings mo :nted
under the tloor of a cart instead ot a fixed axie with bear-
ings at the hub of the wheel, then dirr fulling fium the rim
of the wheel will not tall dircetly onto the bearing.

If the bearing is expected to take side-thrust, large Tat
washers must be used, the one at the end ot the bearing
being free to rolute va the shatt.
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The bearing surface of the shaft should be perfectly round
and smooth and polished in appearance.

Haow ta make the bearings

Available timber often hus rather doubtful seif-lubricating
properties and high moisture content. [n this instance, a
simple procedure for making an oil-soaked bush bearing
has been devised by the [ndustriul Development Centre,
Zaria, Nigerin, Excess water is removed and subsequent
shrinkage prevented.

First., reduce the timber to a square cross section and bore
a hole through the centre the same diameter as the journal
on wiuch the bearing will be working.

Place the blocks intu a metal container of commercial
groundnut oil and keep them submerged by placing a brick
an top. Raise the remperature of the ol until the water in
the wood is turned into steam - this will give the oil the
uppearance of builing vigorousiv. Muireain the temperature
until only single streams of small pin-size bubbies are rising
to the surtace ot the vil. This may take anything from 30
minutes to 2 hours depending on the moisture content of
the weod.

Remove the heat source and leave the blocks in oil to cool
wvernight if possible. During this stage the wood will absorb
oil. Be verv carejul it vou need o handle the container
whilse it is full of hat odl. It the temperature of the oil is
ailowed to get too high after the bubbies have ceased to
appear. the wood wiil change to charcoal and the bearings
will be ruined. - -— - =

Rebore the centre houle to compensate for any shrinkage
that might have taken place.

Mace on a mandrel or lathe and turn the outside Jdiameter
to the required measurement that will give the bush a press
tit into the hub.

Bore four equally spuced holes through the wall of the bush
at its mid-point and (11l with lubricant — in general terms,
the harder the lubricant the better, so animal fat, soap or
tallow are preferable although grease is an excellent alter-
native. Finaily press the bush into the hub.

The forty bush bearings made and tested at Zaria were
214 long by 1.550" outside diameter with a 0.855™ bore.
They were pressed into ['A™ seamiess black iron Class C
pipe, and turncd on a %" pipe journal. The wood used was
mahogany (being the most readily available) and rig tests
with a loading of 100 Ibs and a speed of 100 - 200 rev/min
indicated surficient lubrication. These test conditions were
chosen to simulate the working torce on a 77 gauge whesi
of an ox-drawn pivugh. Tests performed on bush bearings
without the four radial lubrication holes again indicated
sufficient lubrication.

On heavy cguipment s'ich as ox<carts or where it is not
pussible to push the axle through a bush-bearing, the split-
bluck beanng provides a more practical solution.

It is simpie to fit and replace. and it wear takes place the
two halves can be changed around. After further wear, the
life of the bearings can be extended by removing a small

amount of material from the matching faces.

A simple procedure was devised by the GRZ/ITDG project,
at the Magoye Regional Ressarch Station in Zambia t'or.é',’,
the production of such a bearing, again using an oil soaking
technique. The timber in this case was teak, and used engine
oil provided a satisfactory aiternative to groundnut oil.

Reduce the timber to a square cross-section and cut
lengthwise into two haives.

The two halves of the bearing must be clumped firmly to-
gether for the driiling operation. It is most important that
the hole for the axie is bored exsctly square through the
biocks. For the best resuits an clectric powered piilar-dnill
shouid be used aithough a hand puwered pillar-driil

would be quite satisfactory. If neither of these is avaiiable,
a jig would have to be made to Kezp the drill bit in line.
After drilling, the two halves should be tied together to
keep them in pairs.

For soaking in oil 2n oid 20 litre (5 gal.) drum is needed.
Fill it three-quarters {ull with used engine-vil and bring to
the boil over an open fire. Great care is necded when
handling the drum of hor oil. Lift the drum ot the fire
and carefully place the pairs of bearings into the hot oil.
Put a brick on top cf the last pair to stop them tloating,
and leave the drum and contents to cool slowly overnight.

The split-block bearings measured 1 50mm x 130mm x 75mm
with 2 38mm diameter bore. They were field tested for !
reliability by installing them on ox-carts fitted with iron or /

- pneumadc wheels and carrying loads of up to 2 tons.

A radial clearance on one of these assemblies of about
Imm was found to be essential. If carefully run in at low
speeds (ox draft) the clearance is increased to 1.5 - 2.0mm
and the bearing surtace attained a highly polished glass-like
appearance. Having reached this condition it was found
capable of withstanding journeys of a few kilometers at
higher speeds (Land Rover towing).

A soft pine-wood oil-soaked bearing was tested as an alter-
Jative to the hardwood bearing, and this also gave satis-
factory performance but might have a shorter life.

For lower load, lower speed applications such as the seed-
drive mechanism on a small pianter, a smaller one-pieces
oil-soaked block bearing was used measuring 30mm x
50mm x 30mm with a | 6m diameter bore, and this gave
satisfactory resuits aithough tests were not extansive.

The possibility of boring the axle hole using hot irons
was not investigated but there should be no serious
objection to this alternative.
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INITIAL PREPARATION.

Saw timber into shape of an oblong
block scmewhat larger than the 0.1
of the finished bearing to allow far
shrinkage and bore being off centra.
Bore hole through centre of 3Slaock
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DEITYDRATICN

Soon after submerging the
bearing blocks in hat ground-
out oil, many surface bubbles
1" in diameter, made from a
multitude of smaller bubbles,
will appear on the surface.

A3 the moisture content of
blocks is reduced, the surface
bubbles will become smaller in
gize. o

= When the surface bubbles are

formed from single st-eams of
pin-size bubtles, the dehydra-
tion procesa has gone far enocugh.
Step heating, and let blocks cogl
in the oil overnight.
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Shrunicen block
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FINISHING

Re-drill centre hole and place
shrunken oil-scaked bearinz block
on mandrel and turm to the
desired size.

Cross section of the finished oil-
scaked wood bearing showing
gTedse reseIvoir noles.

* Qil snaked Waood Hearings: How to make them and how they
perform. availahle from [T Publicativas price 25p net: £0.35 U.K.
postpaid: £0.50 airmaul and £0.35 surface masi.
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SIMPLE PVC ZANDPUMPS - TRIAL

A) Installations in Thailand

The following details were received from Mr. C.D. Spangler, who
nas recently retired from the World Bank's South Asia Water Supply Projects
Division and was instrumental in introducing these pumps into Thailand.

"Cast iron has become increasingly expensive, and in the deep well
pump the heavy cylinder suspended o£ 8 galvanized iron discharge pipe with
the rod inside is difficult for the villager to remove and repair.

If 2 Goveramental agency establishes mobile repair crews, as mcre
wells are installed with hendpumps the maintenmance cost increases rapidly.
For meny yesrs it will not be feasible or econcmic in most countries to put
small piped systems @ villages of less than 500 pecople. There is a2 great
need for low-cost, dependable, easily-repaired hendpump. Such a pump is now
availaﬁle using FVC pipe as the linder. This pump was descrived in a VITA
publication and two prototype shallow w;ll suction pumps have been fabricated
and tested by the Thailand Department of Agriculture. The test pump was shown
on the cover of their monthly jourmal, with a report on its performance.

The cylinder was a section of 3" dia. FVC pipe above the platform
with a 1 1/2" dia. suction pipe extending intc tke well. The pump rod was
3/8" dia. steel with a small yoke at the top T fit on both sides of the
wooden handle. A standard piston with pepret valve was attached to the lower
and of the rod. A foot valve was placed on the bottom of the 1 1/2" &da.
suction pipe. The handle was supported by 2 5" x 5" wood post set firmly
inte the ground. The handle "as of herd weod 2" x 1 1/2" x 70" long. A

-

round, flat cover of wood wish & small slot to permit free movement ef the

L
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roé was used to close ™e top of the 37 dia. TVC zipe (see iliustraticn).

.

15 szallens 2 minute with an 2-1C inch stroke, dependirg upen the suction 1ift

ct
s

The cos+t was atout US320.00. However, the FVC Ioot wvalve alone was US$35.20;

using a simpler lower valve and zaking the pump in quantity, the cost couwld

se reduced tc about US315.00, compared to US3FL0C.C0 - 150.00 for a cast ircm

becomes the cylinder and the casing is extended above the platform To 2ct 25
the channel for the water. The zandle and support post is similar o the
suction pump. IF the casing is comsidered part of the cost of the well, the
pump cost only includes the hardle, suppert DOST, Dump rod, piston and lower
valve, The lower valve sest can be Fived izn 2 lengtz of PVC casing at the
stcp. The PVC pipe should te supported Zrem the botteom as it is lowered

into the well with 2 trip <o release the support wcen tle casing is in place..
The deep well Dump has mt yet beez 2igléd tested. The sucticn T has

"bucket ",

p
ct
Iy
m
'—l
i
{o
ck
Iy
(]
H

been run 200-300 hours with only very slight weer o

The handle should be of such a2 length that the end of the nandle attached =0

"
H

the red will, in sweeping a small arc, pass through trhe vertical pesiticn
the rod. This will minimize wear of the leather Mueket”., A rubber bucket
is used in Xorea and should give a superior performance when used in a PVC
pipe cylinder.

This dependable, low cost, easily repeired pump should make wide
sgread use of handpump wells feesible and economic.”

Tt will be seen that the deep well” pump is essentially the same

as the one gropesed in this report, whereas the "shallow well” pump is 2

- D e

sucticn Tump. It would bte interesting to compare perfeor=ances oI the TW

. . ek o
tvpes in actusl field trizls,
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B) Installations in Bangladesh

The two experimental pumps described below were built in early
1974 in Bangladesh while Mr, Journey was a member of thes UNICEF Watar
Secticn. Eoth pumps shared the following features:

a) suction 1lift

b) fulermm pivet point supported independently of
the pump bedy on a steel pipe post

¢) all-PVC poppet type check valve

d) cylinder housing and ocutlet made of juta reinforced
polyester resin.

The principal difference in the two (see photographs) was that pump No. 1
was anchored directly into the concrete slab while pump No. 2 had a cone-
ventioral separable base.

Results of testing

Pump No. 1 failed shortly after installation in an urban slum
when the cast iron clavis, which was screwed cnto a 1"¢ steel pipe post,
shesred off as a result of fatiguing the steel pipe threads (notch effect).
The failuore is wmrelatad to the use cf plastic,

Puxmp No. 2 was installed in April 1974 and correctad tke fault on
Pump No. 1 by supporting the fulcrum point by employing an intsrferemcs fii of the
clevis on the post. As of 20 May 1976 the pump is still in daily use by
about LO families in Aliganj (a village near Dacca) at the CARE workshop.
Three leather cups weres worn ocut durding the two year pericd. The cylinder
was moderataly scored, presumably by the metal follower plata of the pilston
as the cup became too thin to fand the plata off the walls. These gcuges,
however, did not appreciably affect the hydraunlic seal. The FVC popret
valve was observed still to hold a seal overnight and did not show ncoticeabls
wear. The fiber reinforced plastic pump housing, whils dirty did not show
damage of any sort. The stesl pins in the cast irocn journals showed typical
wear (both on the cast irom parts and the pins) and needed replacement. Most
significant, however, was the fact that litile wear was noticeable on the
PVC pumping cylinder (estimatad by the writar to be 1-2 mm increase in
diametar).



All PVC Poppet Valve
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All PVC Poppet Valve
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In May 1977 the well screen failed, and a new well and pump were
installed. At that time Pump No. 2 was still in good working order. It
had operated for about 1,100 days pumping about 2,000 liters/day against
a head of about 3.7 m (with a bore of 78 mm and a stroke of 140 mm, this
corresponds to about 3,000 cycles (day or over 3 milliom cycles in all).

The portion of the PVC pipe forming the cylinder was sent in
January 1978 to Consumers' Association (UK) testing laboratories to check
on the wear in use. The PVC pipe (Wavin ND 3 inch nominal diameter
Schedule 40) was found to be straight within the accuracy of measurement
(0.02 mm). The wear was measured as the deviations of the inside wall of
the cylinder from a straight line between the unworm ends of the pipe.
The results are shown on page 8. It will be seen that wear generally was
about 0.6 - 0.7 mm, more or less evenly divided between the spout side and
the handle side of the cylinder, with maximum wear of about 0.9 mm near the
bottom of the cylinder. These results indicate that, at least for the
shallow wells common in Bangladesh, the pump cylinder would be expected to
have a long life before leakage past the seal became a problem (when in the
proposed design, the pump rod would have to be slightly shortemed so that
the piston cups seated on an unworn section of the PVC casing).



'.

Increanse In diameter (mm)

-t

— cw———
|

R T Soia D ORI

|
- s :
o — — —— —

]

T

| | .
- ——— . p——— - — -

———e b erme = miee . .oa

i s o [ R TR RS B RS

1IN0 110 120 130 140 150 160 170 189 19

20 30 40 50 &0 70 40 ap

10

cop

Distance from



TUBEWELL

Gopt Comparison bstueen Handpump Tubewells of Trndltlogzl Dusign and Those Using PVC Extensively

Bteel pipe, well casing and soreen, cest lroa

T Item

W d 0.1, pipe

> :"lg" G.1I. reducer
n" 1. pipe
s

Blainless Btee) well soreqn

Cast {ron pusp stend

3" # brass cylinder and valves
"Atrtita® stesl pusp rods

(3/8" ¢)
14" J 0.1, pipe

Aggregate
Camant
Labor

eu, ft.

pusp stand, brass cylinde
Tnit El ! EIEEE Bum

100 1b. spck R

man-day

A - = - “a~--TUBEMWELL Beemmmsmcmmamcmcccoas coclecacceeae,
WG pipe, well cnl?g and screen, cast iron WG plpe,
pumn) 1
Ttea t Coat t Bua Itea
¥ = o ¥
15 8.63 132 b= g pipe n 15 2.9 1" 3§ PVC pipe
1 6.00 6 k" x 11" PVC reducer - 1 k.00 ] 3* x 1}* WC reducer
0 2.25 68 14" ¢ PvC pipe n 30 0,86 26 li" # PVC pipe
3 k9.29 148 1}* § PVC wall sarsen . 3 13.43 ko 13" # WC well screen
Bub-Total; 35k Bub-Total: 114
1 1 .
 § 90, 9 Cast iroa pump stand - 1 yo.ou-/ 90 Piston/check
3 115.10 115 3" ¢ brass cylinder and valves 1 16.10 116 Wooden handla
“Alrtita® stesl pusp rods Wooden bearings
15 5.60 o4 (5/8' #) - 15 5.60 a4 1" @ a.1. pipe shaft
15 2.25 3 1 da.x, pipe - 15 2.25 34 bricks
Cemont
' Labor
S e "Alrtite™ 3/6™ ¢ 0.1,
Bub-Totaly 324 . Bub-Totaly 32h
9 Q.50 5 Aggregate cu. ft. 9 0.50 E Aggregata
2.00 b Cement 100 1b. sack 2 2,00 Cement
¢ 5.00 _10 Labor man-day 2 5.00 10 Labor .
Bub-Total; 19 . Bub-Total: 19
Total: m Totalg m

y UNICEF average purchass price for a Dempater desp well pump stand} other pump componsuts priced froam “Glayton Mark™ catalogue, April 1976.
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Figure 2(a)

INTERCHANGEABLE PISTON AND CHECK VALVE COMPONENTS - SECTIONS
USED AS A

CHECK VALVE

EYE BOLT

FLAPPER VALVE

5 \ ;};: cuP
o = SEAL
A% N o2
=3 S e
\ PVC
:: Oisc
——— N
[ = |
e
B i 1—
USED AS A
PISTON
PUMP RQOC
RETAINING
WASHER, TACK

WELDED IN
PLACE




Not to scaie

Figure 2(b)

ISOMETRIC SKETCH OF
FOOT VALVE

EYE 8OLT

NYLON REINFORCED
NEOPRENE FLAPPER VALVE

UPPER MOLDED PVC
DiIsK

LEATHER CUP

LOWER MOLDED PVC
DisK

RETAINING NUT
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Sealing of pump rod
with pacidng gland
in order to pump t
elevated storage
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