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ABSTRACT

This study consists orf a brief discussions regyarding
hydraulic characteristice of an agquiter, component parts,
hydraulics ot wells, d1tterent types of handpunps 1n
developing countries and 1its evaiuation.

The study waes conaucted wainiy to collect available
information in counnection with the desiyn and construction
of shallow tubewells tor botu drainking and irrlgatlonl
purpose and how to wutiiize these evaluation in furtner
ground water developwent is discusszed.

After anaitysis or the nydrologyical and geoloyical
conaition ot Nepél witn the collectedq i1ntormation tfrow the
stuay, 1t as tftound that the aquiter aﬁd vater tabie 1s
sultable tor utiliziny sbaixiow tuerelis tor dranking and

irrigation in a larde ot the Terai part ot Nepal.
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1 INTRODUCTION

1.1 _PRESENT_SITUATIUN

The level of puolic water supply service 1n Nepal 15
very low. The population cuveread py tne piped water supply
at present amounts to a wmere 7.5 percent of totaﬁ
population. Less than one percent of jpopulation is pcov1&ed 
With seweraye and sanitary facailities ot any Kkind. #ost ot
the peopie priviieged witn the saig tacirlities live 1n urban
areas. Some 73,000 cubrc meter of prriable Wwater 1s supplied
daily for tnose spread in 4¢ districes of Nepal. kest of the
people depena on matural streaws, lucal springs and wedils to
meet toelr dally water reduirements or heeds.

In the Terai (pldins) the sources of supply 1s the
ground water from medium aepths varyindg trom 100 meter to,
200 meter below urouna through aeep tubewells. In the inner
Terai and the hiily redgions the source of  supply is either
Springs, streams OrC tlvels. The river water 1s ydeneraily
collected tnrough slotted Llateral pipes layed under tae
river bed. The water sScacrcity 1s wore d4dcute 1n  tue niiiy
areas. There are places, where people carry & rew buckets of
pots of watel ftor daiiy use trcuw aistance as wucn as ilv;,
kiiometer i1nvolving several climbs. Water treatmest prior to

distribution 1S only iiimited to 4 towns out of the ZY in tneé

COUNtCY.



1.2 POPULATIUN

The implementation of water supply projects in Nepaif
started. many yedrs &a9o but until the bSth Pive year pldné 
oniy a very low priority was accorded to this deveiopmem;:j
"sector. It 1s estimated wndt the total population served Dy
some form of water suppliy system 1D currently only ié;
percent of tne total (ib miliion total of waich 15.5 wiliion.
live in the ruras areas). .

The rural popuiation in the terai was 3.Y7 miilion 1o
1971, representing ueariy 40U » of the total rural populatloh
then. This 1s expected to grow to b.v million by the year
2000.

Even though tue rural population 1n the telal have
access to ground water, most of the wells are Dotﬁ-
unreliable ana unsate and tne hardsnlp experiencea by tnis
large number 1n the teral merits consideration. Hitnerto no:
organised programwe nas been developed to aleviate the
hardship experienced by the rurai population living 1n tne

terai.

1.3 _HYDROGEULUGY

In tne terai plains, the obply possible solution which
1s economical and safe 1s tupewedl handpumps. In most parts
of teral the g¢groundwatel tabile 1s quite mnicn. Thus,

installation ot shsllow tubewell 1s rairly easy.
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For those areas 1h whicn  iLlluviuam occurs, anNd where
the water 1s always witulp the Deiow dround Leved, handpuump
will be installea.

)

1.4 _PLAN_ANU_TAKGET

The government of Nepai laid down that coverage 1s to
pe one handpump per 200 people by 1Y%U tor the provision ot
pumps. 1In adaition, the Wells snall be si1ted S0 &s to
minimlse tne wWater cdrrying airstance to 150 wneters. 1t 1s
proposed to lower the ratiu Of USer per well ftrom 200:7 1n
1990 to 75:1 py thne year 2000 wnich impiieés approximately
32,000 hanapuuwps need to be provideda petween 1980 ana 1990
ana some 10,000-bU,VV0 adaitional handpumps will be neeged .
between 199U  ana 2000, The area to be cuvered by tnese
tupewell is thougnt tc represent avoutr bU» or the Yerai.

Grouna water at snalliow depth 1s availabie 14 plenty
in the terai apa Dy tne construction ot shallow tupbewells
equipped Ww1ith hpandpumps it would Dpe possible o wake
available access to safe water to these people speedialy and
at very low unit cost. ‘l'be suggested well construction
programme wouid comprise of i1mproving thae ex1sting snadllow
dug wells and equipplug Sawe with nanapumps O COLOSTLUCL1OL
new shallow tubewells.

| During the obta Five yeal’ plan, sStarting 1n 1¥g0-81,
the goverowment has set a tdarget of 40U % of the totad

population to be served Dy such Projecis.



1.5 WATER_SUPPLY

v

It is the policy of His Majesty's Governmentl Of Hepal
that all town should have a pipea water supply. By 1990 this
wili be the case; ancwever, this does not imply cowmplete
coverage of the population 1n those towns, since the
boundries whicn appiy toO town pauchayatls are darawu from
social rather than geugiaphic reasonsS. AlSO, 1n some Towns,
it will be more ratiouatr to sSupply certain areas throuyn
community handpump where the deoio0ygy makes thas a
possibiliity.

His mMajesty's yovernwent policy 1n the halls and
midiands 1s aimed at regucinyg tope water collection journey,
improving watel guality aud proviainy an adequate supbly. Bf
1990 1t 1s reguired that spaii pe at leasSt one watel supply
SysStemlm 1n edach 1n every viilage panchayat in the country. To
feet this Treyguirebhenlt JZbo  Jgravity pilped water suppdiy
systems has beenh plaunnea ror i#plelhentation in the bl1ils in
the midlands between 198U and 1YY0.

Rural watepr supplies inh the Telal will depend entirely
on the ¢eology aha ayulfer ievels in each areas. Wherever
possible, shallow tubewelils with nandpumps will be used, in
other arteas, Qaeep Tubewells, generally with some sotor
arivelh puup, will be used.

The use of snaflow tulLewedl 1S 1DCreasing yraduaily in
the Terai ot dMepal ror 1ts Jdower cost and Detter wanagegent.’

So etficient and economlc utifization of gJgrouud water
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torough shaillow tupeweldl can be achieved by prouper design

and construction ot the well.

1.6 OQBJECTIVE OF THIS ST0UDX

The objective 1s to study shallow tubewells both for
drinking and irrigation purpose in the Terdi parts ot Nepal.
To provide reasonable access to safe Qatet to the rural
population 1n the teral and tnus alleviate the hardship
being experienced py them at present. The main puépose o#
this study 1s to codlect avaliabie 1ntormation cuucerning
design and constructionh ol sShaliow tubewell and the
improvement of the eX15t1Dg shailow duywells to sanatary
standerd and equipplnpy sdibe with handpusps or constructlop

New shallow tubewells.

1.7 SCOIE_QF_STUDY

Tnis §tuuy inciudes the evaluation ot the dirferent,
types of handpumps fcr shallow tubewells 1n alriereu£:
counirles. Shalilow tupewell aud 1ts component parts, well
hydraulilics, characteirlstics ot weal strainers etc. a;é
stuaied tfor taindiny tne deslign critecia of a shdaliow
tubewell. Finaily the lapolrtdince aud teasipbility ot optima% 
deglgn ot shallow tubeweil 1is ouscussed WwWith specxriél

context of Nepdd.
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II SHaLiuvw TULCEwWLLL a8D ITS COPONENT PARTS

A 'water well 15 a hyaraulic hoxe 10 the earth down to
@ supply of ¥®watel eXCavated (for the purpose ot bringiny
ground water to the surtace. The <shaliiow tubewell 1s a type

of well uUsed for mainiy poth arinking ana i1rrigation

purpose. A comblete £ndaliow tubewell call be divided 1nto tne
. 1

followiny parts. (a) the ayuiler, (u) the well, (c}) cyiinaer,

(d) pump rod, (e} plunger, (I) cup seals, (g) vaives.
2.1 AQUIFE

Presence ¢t au A4uiter 18 essentlal to construct a
tupewWweli. The torwatlion oL strata withln tone Saturatea zoné
betow the (¢ground sSuridce, 1roim which grouud water can ué
optailhea IfOor Dpeletlclar UuUSe, arfe Catiled wguileLls. Tné
aGultrers are Oriyindted LY the torces of nature ana aré
indepedentent or infiuence o0I mab. Tone most comwon aguiter
materlials are UNCON$Oi1ldatelG S4RCsS and ygravels, which dccux.
ih  ailuvias Vvaileys, oLd streaw Deds covered by tlﬁe_
deposits (buried valleys), coeastdad plaius ana gidélai_
depousits.

Tne £paces or portioan of the TLOCKSE OC soO1d noi_
occupled by sS0.140 wdtel 1diS dle Cdlled pores or pore Spaces.
Th;se pore SpacCes belWeen Yrdlns ale Ililea up wita wategf
eilterinyg the ulound - throuyh ra&aikluil aua passinyg under tn%i

ground throudgh hycrauilc seaid.



The aquitel onu §Louna water ale natural ana wan cah
do very littie to change 1t. Man has, however, aeveloped the
technoloyy to eXtract tue water tor many uses inciuding
irrjication the watel wells. Praclng 4 water well does not
chiange the aguiter pelaedbliily RCr the awount ot uate:r-
stored in the ayuifer. Thne weil tukes advantaygye ot natural
conditicns ulid €efVes A€ a plaCe 0L CcOulectlon anu Cemoval
ot watel from the ayuller. 1rriyétion wedls diIfer ifrom
those used to suppiy water TOr dOwesSTLC PUCPOSES DecCause of
the larye volumes 0!t water that have tC be punped irouw then
tor irrivatiny eveh small  fdarws. Efficient and eccnomicil
utilization ¢r grouna watel tarouyh wells depend ou the

design ¢! the wells.

The waain tuuction ot the <cylinder 1s to house tné:
plunger assembly and tne suction valve. The water sea%
forzed by the wovin¢ cohtact Dbetween tne cylindael aaa tué'
plunger cup seald Cresles the partial  vacuum which makes.
suttion 1iri pcssible. .

The tenyth Of tne Cylindel 1€ a Iunction ot the stroke
length whlch 1s  UTypicalay Te.b5 o 45 cm for ndndpumps:

Additional lernuth is reyulled tor cups ang for the plunger.


http://tdis.es
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and suction valve asszefiblies. Thilis 15 because ot the
tolerances in measurement oI arop pipe and pump rod lLengtas
and also t¢ ©rrevent opelL&tol 4dpusSes Such as drivinyg the;
plunger into the sSUction Vaive with excessaive nanddie lilit,.

The cyiinder whiCh Weals rapidiy 1s sometlmegi
constructed double lenygth @liowing the plubger deptu to Dei
reset ana puwmpiny to be continued wlthout repiaclny the%
cylinder.

Generaliy, the diapeter OL the CYLl1lDAEr decLeases with:
ihcreasang pumpling head.

The ranyge 1S ILOW i.9 Cu 10 1V cm IOor sShallow wells,
and 5 cu or less 1ol ueepel wells.

Surface smoothioess O tue cyitiuder wall 1s the Key
tactor 1n the Lliv expeClalcy Oi piubygyer cup sSedl. This lsl
the reaSOn why brass Cyilhders are CowdOOly USed Tataer thal.
cast 1ron cylinders aesplte the i10wer cost o1 the latter. l

Even tnougn, lne averaye EN00OLhLeSS 1S about the Sanme,
the hdrderf, Ssharper, peaks 16 the steel plpe tena to tear.
and abrade the cup worce rapialy. The cups. wear much taster:
in 1I0on CyilLder tnap 1D Steel cylihder.

Recently, the usea o0f FVC cyllnaeré 1s epcouraging.
Tests indicate that leatnel cCup wears in EVC cylinpders is
comparable to tpat 1n  prass Ccyilnders. being relatively .
sott, PVC 1s mCLe liKkely tu bLe €ubjected to scouriny by silt:
and.otner S0l1d 1wpurltles 1L the water a‘xnd by the p.Lungeriil

wnen the cup was wolu out.
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1n summary, brass 1g tne 1hdustlry standard, cast 1ron
is used when low cost 1s  pdramsount, and Ve 1s not widely
used as yet put haS wmuch potentidls.
Z.4 EUME ROD

The functlion of pump roa is¥ to connect the nanate and
the pluhyer asseuwbly. Tue LOd dLU  1LS CONL_CLOULS  WUsSt Ae
strong enocuygyh to suppoLl the forces whicn i1ncliude wat%t
pPressure exerted ON pluUlUel, SUbBergea Welynt of  tae puip
roa and plunger assewmpsiy, the siiding friction at DebtlngS
and the cup seals. buriny tihe ascent 0f the plunger, tae rod
is 1in te051on,. wneh aescents, the pump rod  wildi be  1n
compression 1i1Ir tne naldde 1  oOperatited taster tnai  tne
natulral yravitaticnal féedl ¢l the rod and plungeC. Howevel,
tensile stress yeinelally estavilshes the Wlhlilis roa
diameter. Hormaily, tne dlametel Of the PULp COd ranges trom
10 wp to 12 mm and tue roa 1S LOURd 1L Snape.

The principal opeCLating pLoblems with puwp rouas ate
disconnections with tue nandie, tne piunger or petween Liu&é_
ana corrousion. Disconnections ﬁay be reducea by the use oti
lock nuts at cCcoupiibus, proper tnreaaing and thread
engageneht. COIIUSLON-Ceslstance 1s 1uproved by the use of

galvanized Steel Or @apiuys.
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2.5 PLUNGER_ASSEMBLY

The purpose of tne piunyel assewbly is to 4L1fx tué
water to the pump sSuuutT during 1its upward stroke. It alSé
helps to support tne c¢ischalye valve. When designing tae
plunger assewbly, strength 1is the first praority to be
consliderled. The openlny &nd c¢loxlng of tne design ulscnarje
valve are relatead to the movement Of the piunger asseably.’

The assewnbly typac.dlliy consists ot a cage ccnnectldn
to the pusp rod, discherye valve, cup Sedis aud cup sedal

folluwers and spaCeCs. Futnel QisCussS1ODS oD cup Seals aond

valves are presented lelow.

The wajor tunction of cup seal i1s to prevent packilow

of wvater between the plunger and the cyliinger walls auriny

pumping. Leatner or fisxiuvie materialis rolded or cupped

over .the piunger tace . Aé the piungei ascends, the lips o%
the cup 1S rressed acalnst tne CcCyalnelr wall to form a sedl?
. i
The descendinoy ©T the pludget causes the 1NWdlLd @OVekient oi
the 1lip, thus reduces ftriction ana wear. The repeateu’
sliding fiiction betwechi the cups aud tne Cylinder waii,
eventuaily wears away the cups ana periodilc renlacesent o%

the cups 1s necessary.

Indeed CUp seass should be non—-toxic, aqurable, ilow

triction coetticient, Ces1St  alidew, tunga and otner
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bioloyicat attack . It snouid be reaaily available add
flexible enough to rii11 cylinder of difrerent shapes a&d
slzes.

Leather has been the moterial used, as b I
relatively cneap ana avellable worlawide. PVC cups arce now

being used 1n severadl proyrams. Une ©of the maln auvantages

is their longer service lite.

2.7 VELVES

Generally, tnere are two valves within the cyllnaer{
one vdalve 1n the pPlunvel uSSembly cdalliea the plunger o;
discharyge valve, tne otnel il the LOttow Or suciioh end ot
the Ccyiinder Knpow @€ the sSucticon ol toot vaive. voth the
velves mentiolled arCe CheCk Valves, silhce taoe valves only
allow the watel to tloeW 1in CLe gllection.

The ciscnarjge Valve Cluses durind upward movewment with
the plungel tO GisSChdlje tne watel &LDOVe 11 Ald Opens durlng
1ts QOwnwalg Dovenent to rerjtl, s0 that to replace the
vater discharge durinyg tne pleplous cycie. The suction valvé
opens during tne up&arc movement Ot the plunder 4nd closes
duraing aownwara movement. Its tunction 1s to elipihate thg
lapor of repriming to Cestalt PURPLNG. '

The véalve should pe watel-tlvat, especlaily tor tgé

guction valve wnicn aust hola water tor nours overnight 1t

the pump 1s to malitain 118 prime.
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The valve openings should pe large enouyh to minimize
frictional head l1osses. The vaives should close (uickly to
minimize packtiouw. However, tne vaive openinyg 1s restrlcted-
by the cyiinger dilameter and the space needed tor cup

seals, tollowers, spacels etcC.
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III HYDEAULYICS OfF WELLS

Shallow tubewel ls operate according to certain
funcamental principles. Water tlows into the well frou thé
surrounding aguifer pecause tne pumplina o0f the well creates
a ditfrence 1pn pressure. betore purping the warer in tne
well stands at height egual to the =static water level or
static water pressure 1n the saturated sand afound the well}
when pumping starts, the water level in the well drop down
and the water starts to tiow 1into the well from the water
pearing formation, Decause water 'LeveL OF pressule 1nsidé
the well during pumping, is lower than that 1in the aguitfer
outside the wail. .

To understana the prinuciple ot water entering a well,

the following terms shouitd Le understood farst.

3.1 BOKUSITY

Porosity of a materiai is the portion of its totaiz
"voliume thnat consists ot open or pcre spaces. When these open
spaces are 1in ¢geolocic tormation , they becone potential
areas of ground watei saturation ana avenues of ground water 
movement. The size ot the pores and total pore spaces of an
aquifer varies witn the type ot formation material. Porosity
represents the awmount of water the aguifer will hold, but at
does not determine the case with which water will movg'

through those pore spaces. Ground water stored within the



pore spaces that will not easily move through these openingél
is not useful tor withdrLawal by snaliow tubewells. When poré
spaces are very smali, as in «clay, water remain attached td.
the surtaces tnrcugh capilaraity at points of grain contact

and become unmovaple.

Permeapilaity is the capacity of water to tlow tnrough:
a porous Mmaterial. when tols material 1s sana, silt au&
gravel of geologic torsutions that are saturated with groundf
water, permeability becomes an 1mportant factor in remov1ng
water trom the ground througn Shallow tunewells{'
Permeapiilty also depends upon the size and sorting of
material that makes up the geologic tormation and aguiier.
-In general, the coarser the materiadl and the more uanitoru
the practicie sizes, the weasier i1t 1is tor water to mové'
throuygh the open spaces. Water with 1its capiliary -
characteraistics will cling to the small pore spaces ot the
smail grain sazes. Very tire sand and silt have a higﬂ

percentaye ot voiads, but the small size of the voids

restrict msovement of water because of 1its character. Various

sand sizes and silt uwix tovether wiitl till potentiail v01ds 
thus wmaintaining many small voids as well as a llmlted 
number of voids. This wixed material has poor aguiferva
potential also. Hence 1t cdan be considered, in generad, tnuti'

' the coarser the materiai, the better the aguifer.



3.3 COEPFICIENT GF PERAEABILITY

For ground water use, permeability of sand and gravel
is an iwmportant element. ror convenient use in ground water
and weil evaiuation, the coefficient of permeability 1s the
rate ot +flow ot water in liters per square meter of the
aquifer under 4 hydraulic gradient otf one meter per umeter at
the prevailing temperature of water.

\

3.4 COEFFICIENT OF ThANSHISSIVITY

The coefficient ot transwissivity of ground water can
be defined at the rate at which water will flow through a
vertical strip ot the agulrer one heter wWide aid e€xXxtendlng
throughout the full saturated thickness ot the aquiter under
a unit hydraulic gradient. The vaiue of tne transmissivity,
can be determinea frow agquifer pumpiny by measuring one oOr
more wells, +the decline o©Of nead wilh time under <tne

influence ot a constant pumping rate.

3.5 COEFFICIENYT OF STURAGE

The coetficient ot storage of an aquifer is the volune
of water released ftrom storagye or taken into storage per
unit surtace area ot aquiter per umt chahge in head. This

coetficient ot storage, 15 a dimensionless term.



3.6 PRINCIELE OF WATER_ENTERING_ A_WELL

EXcept 1n certain cases, ground water flow 1is almosf
exclusively Jlawminar. HAGEN (J0Y3) and POISEUILLE (18ub)
shoued_ that the veliocity of flow in capilary tubpes 15
proportional to tae SLope, of tne energy gradient. DARCY
(1856) confirmed the applicapoility of the princaiple to rlow

in uniform sands and tne resulting equation is Darcy's law.

The term, K, 1n DARCY's law 1s rerterea to as tae
hydrauliic conducilv1ty or cuetficient of permeability. When
water is 1lifted froa the well creating a new lower wateLJ
table or level 1in the weli callec the pumping water lLevel.
This puwrping water level then creats a head dirferencg
between 1t and the origainal static water level, callted
drawdawn. Principles of DARCY's la« lindicates that thé;
ground water will tlow towards the well Dbecause ot the head
difterence ana tne rate depend on the permeability of thgi
aquifer. The water tiows radially toward the well Irom aLL:
directions. As thne water Woves closer and closer to tae’
well, it must pass successively through smailer and smalleﬁ
dreas. The sawe voluine o0f water passing through smaller ared
reéultes an increase 1n the velccaity.

Accordiny to the DAkCY‘®s law, hydraulic gradient ot a

porous material varies directly with flow velocity. The
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greater the flow veirocity the greater the head differentiait.
The hydraulic ygradient or head ailtferential reguired tu move
_the grouho water at gradually increasing velocities becoues

steeper and steeper toward the well.
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IV WELL STRAINLAS

The strainer or screen as it 1s often called, 1is:
placed in the well to hoid the sand or gravel aguiter in
place while allowing the ground water to enter the well.
Ideally then straiboer open area shoudld be equal to or
greater than that ot tne adjacent aguitrer void percentage:
thus allowing unrestricted 1ntlow of ground water into the
well. But strainer costs, construction methods and materials
prevent this 15 many cuses. The greater the open area of
strainer, tne lower tne enirahce velocity of water 1nto the
well resulting i1n a more proauctive, longer lasting and more
economically opérateq well. The recowameidations on saté.
limit of entrance veiocity ot the 110w ainto the well vary
considerably. EENHISUN (1Yu7) proposea that a velocity ot
0.U3 to 0.U75 m/s tnrouyh the inaividual opening ot tne
screen will keep the salhd wuvenment ana head losses to the
minimum. LINSLEY ana FKAZANI {1904) oopserved that +the
entrance veloclty snould be kept baitow 0.15> m/s i1n order to .
minimize sapd mwoveament . and heda l1losses. The total stralnef
open area ror a shallow tubewell cau be varied Dby aajusting
the length or diameter of the screen.

A transwmitting capacity ot U.U3 m/s is coumonly used
when considerainy the hyocaulic characteristics of the screen
itgelt. This entrance velocaty can be determined by dlvidlngl“
the well yreld by totail open area ot the strainer.

Geperally, the aquilters ot lower permeapility are composed
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of rine grain materials which kave a tendeucy to clog tﬁé'
strainer when i1ts comes 1nto contact with the wire net
openings. The greater the velocity ot water in the aquifer
;he greater 1s the tendency for tine waterials to graoualiy:
migrate towards the screen, ultimately blocking ott some oiz

the openings.
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V ShALLUW TUBLEAELL VESIGN

Generally the wells are designed tor ditfterent
purposes such as 1rrigyation,  dradaipage, sanitation and:
domestic and iundustriel works. So the desiygn requires
particular attention takihd 1into account 1ts purpose.
Designing @& water wead invulves selecting the properl
dimensionai ractors for the well structure and choosing tne
paterial to be uUsea 1 1ts construction. Shaliow tupewells
should pe deslgnea ana cupstructed to take advantage of the
natural conditicu at a given loucation.

The shallow tupeweldl utidlizing suction L1it pumping
has lire limltatlons. Aud SO this reyuires the use ot al%
technology POSS1ble 1O aculeve mpaxikunm beni1tit trow the
limited l1ifv. Ettorts to reauce thne drawdown 1un tune wei;;
LUsSt be wmade.

For designing tne well tne tollowing criterion shouid

be consigered.

1. klacing tne scCreel Opposite . the pest layers. f

Z. sepelatinyg scCleenl TO 1lntercept woré ajuliter.

3. Maintaining low triction nead loss in the system. g

4. Placang adwjuete sStralner fengtn o collecg;
intercepted waterl.

S. FPlaciny strainer Wwith opeRlngs couwpatibie to Lhé;

adjacept formdtion.
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The design elements in  shallow tubewell ipcliude tne weil.

diameter, well depth, well screen and 1ts placing.

5.1 HELL DIANFTER
Choice o©of a proper well disweter 1s importunt xoﬁ
tubewells because it gifects sivniticautly tne cost oOf thne
structure. The diameter of a shallow tubewell 1s usually tne
same frow tep to potton. The dalawmeter Of the intake section
of the welii should e such as Wwill ensure good nydraujic
etficiency or the welil. Tne yield or & weil is thne IUDCthDE
of the diameter of 1ts 1Dtake portaon but ’they are notl
directly propcirtional. All  1D0Crease in weld dirameter.
increases sjiichtly. Keeping the hyaraulic properties of the{
aguirer as constanl, douullinu the dlameter of tne screen 1u1.
a water tabile @gulfer Wilil lluclease tnoe dlschaCde oOndy about

11 percent.

5.2 WELL SCERcEN

A well sccreen 1s a strainer, wnlch Seperaies the .-
groundvater frow the ¢ranular waterieal 1in whicn pores it isf'
contained. The well wsoreen elielents reter to the length ot .
the screen, 1ts diaweter total Cpel drea dhd  size 'ana 3
arréngement of the slct wvpenhinys. A well screen snouid}_

fulrill the toilowlng requireunents.
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1. hesistance to corrosion and deterioration.

2. Enough structural strenyth to prevent coliapse.

3. Suitability to prevent excesslve movefieDt Of sand
into the wWeid. |

4, Minimum resistance ot tlow ot water into the well.

Strainer openind showld be as largye and as many as i§‘
practical and stiil te capavie or preventing the sana ot théf
aguifer trom entering the well. AS because tne greater the
€ize and nuwbper oI opening the lower the water eptry
velocity and hehce head louss. fNoreover, greater velocity of
Wwater hnas 4 tepdency to wole tinpe particles towards tne'
SCrLeell where tnéy dCe tlapped ayalnst the Wire mesan tending
to clog 1t ana reduce the eitectave open area. SO the entry.
velocjty aust Dbe Keptl 1h tuwe lower side tor ap etricient
well. Straiper lengtn &hd dlameter determine the open areéz
€XpeSead tOo the agultelr. but as ror snaliow tubewedl dlameterv
is normally +tixed, lenuyth ol screen 1s & Key rdactor tor a
good well. Yor preveuting the rapid cloyyging, the screen
length can be determined on the basis or .Walton's (1962)

equation.

Yo
h = —==—= {>-1)
AgVe f
' where, h = lengtn ot €creeh,
Up = ®aXlwuus eXpected d41scnalCge capacity or

weld, m3/s



Ap = etfiective open area per aeter length
ot the well screen, mz/m
Ve = entrance velocity at tne screen, m/s

Details of  sCreen bhas oLeen discussed 1n the previous

chapter.

5.3 ELACEMENT OF SCRELN

Placing the screen opposite the most permedble portion

[

of the aquifer is the ©OST 1mportant prancipie 1 toe
shallow tubewell desigu. Lecause of tne variation in tne
geologicalr conditions from well to vwell, strainer uwust be
placed on  an 1nalvidual well Dasis andg  should Dbe  the
responsipilities of the fileia personnelr who are actudlly:

drilling and constiructuing tne well. Fol a hoaouenious ldyer

strainer percentage should be as follows:

less tnan 7.50 0 thilick - 7U% 1S aadequate.
7.50 - 15,00 B thick — 75% 1s adeyuate.
mcce than 15.0Um thick - bUX 1S adequdte.

These strainer length willl resuat 1in obtaining &t leust Su%
of the maximul specirlic Cdpdcity; or tne complete aqu1ier.:
proper placemepnt oI a sStrainer 1u  tne layer 1is shown 1n
tig.5.1. ‘ :j

Two basis priuciples of pldcinu the sScreen oppos:..te,%i
thé pest aquifer and SedPerCatidg tie Straihders can  be
incorpovrated 1nto tne toirlouwiny construction key. This wili'

be adeguate ftor wost conditions ebcountered. Let 1t be



assumed tnat 3 (three) 3.0 m straloners will pe usecd. Elac1ug'
of screens depending on ditterent layer conditiouns will pe L
&# - It pest aguiter toctals 15.0U0 m or more
(1f - aud gyulter 1n one continuous layer — three
strainers <hould be ©piaced alternating witgl
casinyg.
{11) - and aquirer in seperate layers — ope strainer
snculu be piaced 1n each Seperate layer. |
B - If pest aguiter totals Y.0U m to 15.0 m ;

(1) - and best agulter all 1N Oue layer = two straineré
alternating witn cudsiny should be placed.

(11) - and best agultef in seperate layers'— oue strainer .
in each sepelate layer shoudad e placea usiag
Baximuw OL t4C StrzllersS.

(iil) ~also owune straibef 14 the Second best aqulteﬁ
shoula be pLacea but Seperated froa other
strailiers.

C - 1f best aguiter 1s less tnan y.0 o

(i) - and aquitel ail 10 owe layer — one sStralher 1n
center or the ldyer should be placed.

(i1)- and aquiter 1in two layels - ORe strLalber 1R each
layer shoula be placed.

{iii)-ana 1t second vest agyuiter 1S 2u one layer - two'
strainers ea&iternating witn casing but seperatea’

trom other strainers shculd be placed.
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(iv)- and 1if second Dest aquiter 1S 1n layers - oOne
strainer 1n each layer but seperated from otner
streiners shouia ve placed.

Layer less than 3.0 @ tnickness snould not pe considered as
iayer for stralimer placing.

The commonly used Aaterials such as brass and
galvanised steel are sultablie and otften availapie, ald can
be driven into place wnere necessary. Thig type ot strainefs
aCe expensive for tubewell.

Plastic such as ¢VC and AFS 135 very usetul tor screen
production wneCe drlven 1S Dot necessary. FVC 1s « cheap and
easily available 1in the country. 1t 1s layht and strong. It
1S nomn-corrosive ana lpnert to salt action. It plpes are
manufactured in the iength ot 1.5 m and U am diaseter for
strainer. PVC plpes arfe bellhy eXtensively used 21u thé

Country tor sStraimner ana otuel PuLpOsSesS.
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e Prz=ferred Strainer
Emplacement

Fig.S.l'ExampleAillustrating the placement of strainers

(From 'Design of tubewell", Tubewell theory and practice, 1979)
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VI FONMP TYPES IN DETAIL

6.1 BANGLADESH

As of Decempber 1477, approximately ob3,vuu handpunp
tubewel]ls existed i1n Banagladesh. In dgeneral, 75-5% ot tué-
hand pump tube-wells &re in operation. I

UNICEF heiped 1n developiny & locad pusp called "Nﬁ;
NO. b", which 1ncorjorates some 1dedS suygestea by tnej
Battelle.worn, put wnicn 1s apout halt the slze, pecause o%
a need to economize in waterials. This low 1i1rt puuwp 1S
currently being manutacturea 1n tens ot tnousands 1n local
foundaries, (Fig.o.1l).

The reasons for the sucCuss 0! tae pump/tube-well
proyram 1n kBanyladesh seen to be the oldgh wotivaticn of tae
peopie towarus this tyte ot walel supply, andg the
organtzation or the @®WalltelallCe service. The tact tnai
people value their puwips ahd wells wore thad 1n sSoae othe#
countfies 1% 1halcaied DYy the 4dLarge number ot prlvaLe 
indaviduals who have 1nvested 10 @ private pump tor tnelyh

oWl household.

The national watel Supply aund sscltation progran ot
India was 1nlitiatea on au  oryanized the Inuia mark-il punap,

(Pig.b.2). This nand-pump 1S ah luprovement oo oia cast-iron
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Fig.6.1 New No.6 Hanapump (Bangladesh)

(From "Handpumps for Developing Countries', ENFO, 1983)
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pumps whicn could not withetahd the wWedr and’ teal Cf uaeavy
use. The mark-11 1is maenutactured ot standard Steel
components gagvailaople in  lndia. The cost ot tne nandpuwp 1s
Us $150. With the risiang main, pump roas and cylinder, the
cost increases to $2u0. #4any state ot 1lndlia are Now taking &
renewed interest 1in hand-pumps. A lumber a&arfe exXperlaenting
with variants or thne tnlee—-tier system, Dy Lemoving the,
blocKk levei and strengtaeliny the district level tean.

The success ot the tulee-tier prcgrammes lies in  a,
compination ¢yt cOmmunity participation anag good tecnnoloyy.
The tough 1India @arx-I1 hand-pump has Greatly redUCedff
maintenhance neecs. lt 1S Leplacihy the Ola cCcast 1ron pumps.
designea for wesStern tawily uSe, wnliCih cannot survive the
touch treatment of nop—-stop uUse by hunarea: of villagers.

The dnnues cost of tlie thfee~tlel LaldtellalCe System:

has been estaimatea at avout ¥ 19,000 tor 5U0 puups.

There are aitferent design ot hand-puumps used 1n tue.'
teral Tregaohn {plain area) ot Nepal-inciuding ihported,
semi-local anpa 1ocal. “The gprices of the 1mported handpumps
are 10 the range or Ui Su—-¢UU, aepending on  the worKkind
depth from ¥ to &5 m. The value of 1wmported patts are apout
20—&0% of the local prices.

In a comparatively dnaflys1s that all hand-punps cannotf{

pe instatled and nmailhtdined by @ central gyoverument unit.
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Fig.6.2 INDIA MARK-II HANDPGMP

(From "Handpump for Developing Countries", ENFO, 1983)



Pumps can be successiuliyhanaeled ouiy at the smaL;j
community level. EXperieucCe ill Nepal hdas shown that the mo:é
SucCCessiul prograwss$ ACe 10Catedln taovge areas where malute:
nance 18 CalCled out witlhlin the coomunity 1itsedlt.

In the eastern dna western parts of terai witan tné
joint co-operaticn ot uns ot Nepat and UNLCEF is devesoping
bangladesh type No.o nandpumps. Th2s type of hapnd—puaps naé
been desicuned 4ana develiopPed by UONICEY 1n lepdal. 1t 1s:
entirely wpuilt ot ¢VC <screen, PVC sandtrap, HDP and o6l
pipes, availiabie 15 wmust countries, WalCh aakes 1ocai:
manutacture suitaple. Llt 15 lagnt weight 4and ceh Dbe
installed by hand. dallutenance is easSy silce toe pipe cgu
be sawn apart and c¢iueu toyether agaln. ‘The pulip is now

beiny tested 1n tne teCdal Ceglons o0t Nepal.

Basea on the [ilela @ponitoring ana iacoratory test
results, a finai design, cailea the AIT-PVC hapdpump, was
developed. It 1s 1incciporated tne toslowing teatures. A ne;
type of rulcurm Llhh, iligea at both ends by Meals o1 Dbull
bearlngs, was 1utLoauCeG 14 the desidn. This tulcrua Liok
replaces tne type used ih  the department of mBineral
resources (Ldh) nandpump, wnich tallea Irequently eitael at
tn; joints oOT at tne 11DK  i1tsell. Details of the &apove-

ground components are shown 1 the tig.6.4.
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(From "AIT-PVC Handpump", Village handpump technology, IDRC, 1982)
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The Cifer pipe 1s wade of standera 7.5 ¢m diameter pVC.
pipe 4 @ louny. This plpe 1s 4150 used as the cylinder. Tne
only part'not made of PvC 1s the 11 ¢m  purp rod. Iuitlally,l
a standerd hollow 2 ca dilameter PVC pipe was used tor tne‘
pump roc but thls was not stroag or aurable enough té
withstana the pumplny ftorce. Even tne steil puap Toa was
founa to pbpe insurficient aud, as a result, & spacer 1$_
introduced at tne Jolnt Aot the pump rod 1o winimize
viprations. Details oi tne peiOow—gyround components are shown.
ip P1g.6.4.

On a tridl pasuis, thtee AIT-PVC handpuuwps were
instatled 10 weils lccated in  tnree different regaions and
their perforuwance Qas monitorea.

The cCcost GI et ALY-PVC nandpuanp wuas estimdted and
compared with the uN% ana Awb nandpump (taple b.1) . Two
Seperate comnpubedts dafe considerea in the cost‘analysis, tue
apove—and De;ow4glound components. ror tne Pbelow-ground
components, oOnly tne cost ot tuwe piston and  cylinder are
given because tne lelgtn of the [1Sel Pplpe depehds on welil
depth. '

Tue coust of ML awa Akl nanapunps are puased on
mass-production, wheleas the cCcoust ¢ the B3IT-PVC systen 15
based on 4 Singie order. Thus tne C€OSt Of tiae AlT—PvQ
hangpulRp cCCuid be Leduceu Ltul'ther 1! the pump wele wmass

produced. The cost ¢ tpne ALL-FVC pnanapump was 3WU paht,

whereas the DMS and ARL nraadpuuwps were 2bUU  apnd 320U pabt,

Tespectively.
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| Tapie b.l
Cost comparision or three types ot Hapupumps an Thaiiand
] -7 Ry R}
| Type ot | Cost | |
| Handpubp | (baht) | Hemarks |
% +— + 4
| Apove—ground I i |
o DMK | 2100 | Mass production |
i ARD | 2500 | Mass production |
{ AIT-pVC | 2300 ] Sing¢le order |
i Below-ground ] | ]
| DME | 70U | mass proaouction |
| ARD | 700 | Mass proaduction |
] AIT-pPVC | 800 | Single oraetr |
[ o - A |

23 EBaht= USS$I

6.5 THE_AIL HaNDEUNP

The AL hgndpump 1ls 4 sS1ingle action, reciprocating,
positive uispliacedent pump designea 1n 1yvb by battelle
Cotuwbus laporatories Lok the U.S5. dGency ror Internationald
Developmwent (Alyu) . OSpeclificdticns ror the ¢esign  ipcludes .
long and uBEaliicu dabul, putciltial Llor @anuracCtuile 22U
developing ccuntries, and eaSy OpelatlCh DY Woueln aasd
children. The shdalilow WwWell vVelsloid, witn tne piston ana -
cyiinder assewmbly 1ncorporated 1hto the auove—gcqund pump
stanag, is suitable for Weiils whele yLounRd watel 1S jocatea
at tne deptn of less taan 7-& m, &S shown 1n Fig.o.b.

- The AIv pump nasS Deel USed 1 varlous coultlies such
as Tnailand, the Paiiippines, Nigeria ana bangluaesh,
Guatamaia, SL1  Lankd, Thulsla, Ecuadotr (Bc Jdubpkiu, 147y,
and 1t has also bpeen inotroduced in Nicaragua, Costa Rica,

the pominlcan kepublic, anae Indonesia (Potits et ai., 1Y79).



_35_

SLIDING 3LOCNK CJ,. 00 pivel 2N
ROO £A0 I”hT’Jv\\\\
“Locx sut g 'F”'\ X
RPN
” """{!\ IS HANOLE PIVOT 2
1 s HANOLE PV ~
NS
PLUNGER ROD ARTARIN VR AAnOLE
) o (l IV \ FULCRLM
l’ | \’ 13 Rt l
HURINE
P Ca? ! Uy \‘ \ l’\
= i — ?‘ i‘ FULCRL™M 21vDT it

pPLMP 3D0Y

L

4

PISTON AS5EMHLY
FOZ SHALLOw~ -
KELL PP

e

: 7
: .

.

QRQP PIPE

Lo

Fig.6.5 The AID Handpump

(From "US AID Handpump program {n Tunisia', WASH, 1983) "
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Pctts et al. (1Y7Y) cdidli that 1mplesentation proygyrass
have shown that the AlD nandpuamp 15 ‘"“very adaptaole to
manufactures 1n many developing countries and otffers many"
benifits, such ag spare part avallabiiity, edsy mainteunance,
low cost, durapbility, empivyment creation, increase oI local
income, and reducticn ot toreilgn exchange outtliow". un tn§
otner hand, Pacy (1YBU) sStdtes that ertorts to arrange fielé
tests for thig pump in Th&irand, kicaragua and Banylaaesh
“have been dlsappointing, mcestiyv tor non—-techhicdal reasons;

and the desigo 1s stiil not proven®,

6.6 HE WATERLOQO EUnp

.

This typPe O haundpump-4l1s0o call€d the *IDHC puup'-was
originaliy tne rCesult O0f anh IDkU-sponsoled desiun centered
on devcioping @ simpie, L1OW COSt pilston aiaa  toot-valve
assembly for a wauual, snaliow-well puasp. Tue plston  4ana
foot-valve dssSembry wag deVeliODed a4t tile Jnlversaty ot
Waterlog, Canucada 1n  1977. Tae waterloo ditters trom others:
1in that 1t has beell dweslyiead speciticaidly tor tabricatiovn 1ni
developing countries, us1ingd existing Locally anleblé
resources.

The 1bkC pump has Dbeen underaoindd tield “"tests 4in
Malawl and Etniopla. [t hug a&1S0 been uSed 10 compaxdtlvé
stddles in ¥icaragua and costd Kica, where 1t Wwds tested
alongside the Battelie pump. According to Pacy {1YbU) , tne

verdqict releasec 1a Junuarly 19J7& was tnat the IUKC pump has
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"good poiunts", and 15 sultea to a "iower level 6:
tecnnology"™ thdan tne kattetle Dpump, and it wouid De
especially aprropriate wnere “toundry TIacilities are not
availitaple but locel manutacturing 1s desirabile'".

In 1974, resedrcn projects Wele Set uUp 10 two
countries in Africa (kthiopia and dalawl) and four couutLlés
in asia (Mlalaysia, the knilippines, STri Lanka ana Thailand)
to field test  tiae pump undewr various env1xonmeut§1
conditions and leveis of technical sophistication witn
difterent user Jgroups.

buring laporatory and . field tests, severai detects
were ODSerCVed dna SO WOULLICHTLONS vere made. FQ:
¢xawple, the aslan Institute ot tecnnology has proposed a
modified version, walCh 1S called the "EVC-ALP" nandpump.
The resuiting desidn I[CCl this i1nter-country IuU[U sSpongoread
project was later dgenerally callea the “"1DKC-EVC'™ pnaundapunp,

as shown 1n Fig.o.b.
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(From ""Village Handpump tecfmology", IDRC, 1982)



_39_

ViIi. CUNSITRUCTION NMETHODS

The term well ariiling metnods 1s beily used here td
include all wethoa used 1n creating noles 1in the yrouna fol
Qell construction pulposes. AS such, 1t i1ncludes umethods’
such as boriny aha drivisd whico are not arilling metanods 1o
pure sense. The classiflcation 1s onhe of cogvellencCe 1a the:
absence ot a better descriptive terw. The ilsitation ol well
diameter (10 cm  4d4LO0 Liess) excluae the duy well 1rrom
consideration. The sectioo taat toilow descriuve {(a) bvoriuy
nethoa (b) draiving (¢) Jettiny (¢) hydraulic percussion (e)

sludger methoa.

7.1 BORING METHCD

Borind ct smaii alameter well 1S commoniy undertakel
with hand-turnea earth auyers, thouuh powec-opefatec augers .
are sometimes used. WO comuor types Ot are snovwbk 1L Fig.
7.1. They each consist 0of a shatt with wooden handle dat tne_
top and a bit witn curved Dbrades at tne boittom The Dladesi
are usually ot the IlxXeu TyPe, bUut augels withgnidaes thet

are adaptaple to dllferelitl grameters are also avaliaple.

Shatts are usually #dade up of 1.5 B Sections With easy -

latchling couplingse.
The noles 1s staercted by torcing the blades ot the pit .
into tie Sould witn a turbing sotion. Yerning 1o continued '

until the auger DIt 15 tull of wateriar. The auger 1s then
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Fig.7.1 HAND AUGERS

FIG.7.2 SPIRAL AUGER

(From "Well Comstruction', Wa.er well manual, 1971)



lifted 1trow the Dhoie, euwptied ana returh to use. Snatt
extensions are adaed as needed to pcre to the qesired deptn;
Wells snallower than 4.5 & crdinarily reguire o otaner
equipment tnan the auyer. VDeeper weliis, however, require thgl
ﬁse of a light tripod «1th the pusly at tawe top, OL a :aiseé
plattora, s0 that the a4audgel snait can be 1lnsertea aad
removed frow tne hule Wltooutl dadlsconliecting adl shdL#:
sections, |

The spirat a&ger shown 1n Fig.7.< 1s used place ot the
noraal cuttiny bit tO removed stoues vl Dbouluers encouiitered
durainygy boringy Operetivns. when  turbd  in a Clockwise .
direction, tne splrais twists alould 4 £1oHe SO that 1t caﬁ
be litteug to the surtuce.

The wethoa 1s  used 1n borimy tov Aepths or apout 15 @
in clay, silt and wudd Torvaations ncot supject  to Cdv1ng. 
Eoringy 1n Caviuy toraativns way be done Ly loweling casluga
tc the bottoiE of the nole and pboring adhead littie py laittle

while forcing the casiny adowi. .

Priven wells «rfe coOnstructed by arivainyg 1nto thei
ground a weisl puint titted to the lower end or tightiy.
conhected sections 0  PpPlpe. The well point muet De sulk td 
sSmé depth withln tue gqulter ana pbelow the water taule. Tne i

Liser pipe arpuve the well point tupctions as the well

casing.
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Equipment used 1ncCluues a drive hamuwer, drive cap pd
protect the top end of the ri1ser pipe during driving ;,
tripod, 'puily «@nud strony rope with or without & uiucn.'A
light drilling r1g may be used instead of the tripod
assembly. Well points cCah bpe driveln eltner by hand metnods
or with the aid ct machines. Fiy.7.3 shows the asseubly fof_
a purely aand-driven metnod. The drive-plock assemplies
commoniy Operatea py a drilliingy £1y or by bana witn thne alﬁf

of a tripod and tuckie are snown in Pig.7.u4.
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Fig. 7.3 suirie v00L FOR Dwiv.
INC WELL POINTS T0
DEPTIS OF 1S T0 )0 1T

(From "Well Construction”, Water well manual, 1971)
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(From "Well Construction", Water well manual, 1971)
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Whatever the metod of draiving, a startiay hole 1s-

first made by boring ¢r dicylng to & depth oOf apout UV.b m or
more. As driving 1S veneraily easier 1n the saturated
formation, the starting hole should be made deep enough té
penhetlrate the water table 1f the latter is surr1c1ently:
snailbw. The startinu hoie shouid be vertical and sllghtlji
larger 1n g@iamketer twhan the weil point. Tne well point.
inserted into this hole and draiven 11O the desirea aepth, 
1.5 v lengths of riS$er plpe DEINCG adGeG 4SS NecesSary. Flpé-
couplings shouid have recessecd ends and taperea threads té
proviae stronger connections than oraihary plumnlng 
coupiings. The pilpe dana coubling tnreads shoulua be coateq .

with pipe thread cowpouna to provide airtight joints. The

1

well-point assembiy sShoutitd be guyidea ds vertically a
possible and the ariving tooi, when suspendeda, snould be
hung direcCctily over the ceLtel Or the well. Tue weight of tne
drlvihg tU0O4 Mmay range troua 35 to 140 Kko. Heavier tools
requite tne use of a power noist or t1icht arilling riag.
-Driven wells can De 1nstulled only in unconso¢10dted
formatlong relatively free of cobbies ana bouiders. Hana
drlvlﬁg can De upaertoken to depths up tou about 1TUm; sSachine

driving can be acnievVe depths of 15 @ ana yreaterl.
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7.3 JETTLHG NETHOD

The Jetting wmetnod or well driiling uses tane rorce o}
a hléﬁ veloclty strCeam ¢of Jet or tiuaid to cut @ hHhOire 10O
ine ground. the Jel ot tiula Locsens tne subsurtace
materials anpa traansports taoew upwara and cut of tne hole.
The rate ot cuttinyg Ccah b<¢  Lioproved witn the use of a
driliing pit (f;g.?.:) Wwhicn Ccan be rotated as well as moved
in and up-and-dowh cnopglng Jralher.

Simple equipment 10L Jet draiiling method 1s shown in
Pig.7.6. A tripod made Ol 5U mlh gailvallzed 10N pipe 15 use&
t0 suspenad the yalvaniLzZed arun arill pipe and the D1t Ly
peans of U-nook’ (at the apex ot tue traipog), single—-puldldy
block - and mwanila LGpe. A pump naving a cepacity ot
approximately 60U liters per minute at the pressure ot 14&
to Zuu Kg/cmz(nJZUO ba r) used to torce tne aridling 11u¢é
throudu sultaple hose and a small swivel on througn toe
drili pipe and bit. The fluid, on emergany from the arillieq
hole, travels in 4 narrcow ditch to a settling pit where tue:
driiiing méterials (cuttings) settlie out and then to a’
storage pit‘ where it 1s @again picked up by the puup anﬁ
recirculatea. ' .

The spuuding percussion dction can pe impartea to tae
bit either by mweans of a4 holsSt OL DY WOrkmen alteruately
puillng abd guickly relieasing the 1rtee end of the mauLLA:
rope on the other side Ot tne bluck trom the swivel. Thas

may be done while otner woIkuen Lotate the driti pipe. The'



drilling tluird may be and 1s very often plain wWater. bepth§
'of the ordel ot 15 @ may o0e achleved in soue tormatxou#
using waterl as drillang 1fluid witnout undue caving. #when
caving does occur, then a drilliny mud &s hydraulic rotary .
driliing should pe used. |

The jettiny method 15 pearticulariy successtul in sandy

formations. Under these conditions a high rate ot

'

penetration 1s achievea, Hard clays and boulders ao present

problens.

Fi1g.7.b6 Simple equipment for jet drilling

(Frowm "well construction®, water weil wmanual, 1971)



_q']_

7.4 HYURRULIC FEECUSSIUN

The hydraulic percussion method usSes a simildar striang
of driii pipe to that ot tuwe jetting metnod. The D1t 1s arso
Similar except for the pall cneck valve placea between the
bit and tne lower end o©f the driti pipe. Nater 1¥
introduced contipuously 10to the bore hole outsice of the
drill pipe. A reciprccating, up-and-down motion appirea to
the driil plpe L[OLCesS Water wlith sSuspended cuttings tnrougn
the check vaive and inte tue drily plpe oh the dOWD Stluke,
trapping 1t as the Vauive ClLUSes on tne up Stroke. ContliLuous
recuprocating mortivb produces a puaping action, ilrtlng tné
fiuid ang Cuttinys tu tae top of the drilis pipe where they
are dischargea 1ntu a. settling tank. The cycle of
circulation 1s taend complete. Caxlny 1% usually driveh as
driiling proceeus.

The Betnod uSes a minimuwm of eyuipwent ana prov1aeé
dcCurate Sumples of Iortations pehetldated. It 1S medl suxted
for use 1n clay afd Sand IULN&tlons tnat are relatively Iree

of cobbles or toulders.

7.5 SLUDGEK_NMETHUD

The siuddyder setaod 1s tne dawe yiven to 4 forerunner
0of the anydlauilc percussioun method described 10 tne previous
section. It 1s accomplished entirely with hand tools, wmakes

use 0f a locally @vallable mwaterials, Ssuch as Damboo tor
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scattolaginy, ana 1s partaiculariy suited to use in
inaccessible areas Wuere lapour 1S pilentitul and cheap.

In the <siudger aetnoe, as usea 1n Banyladesh, Indida
and Nepal, scatfoisding 1s erectea as snown in Pla.7.7 and
7.8. Tubewells with a depth up to 50 m may be constructed
using this metnod ubder suitable ccncitions. In rapglaadesh
and Nepal, the sludaygel weluaod ads Deen- and convinues to be
extensively used Ior sSikalDg DUMELCOUS Lubewells to tap tae
abundant, Sh&1i0w (rouundwatel resoulrces piesent 1iu  that

deltaic country.

Fig'."7 7 BAMBOO SCAFFOLDING,

*" PIVOT AND LEVER USED
INDRILLING BY THE SLUD-
GER METHOD. (From *Jet-
ting Small Tubewells By
Hand,” Water Supply and San-
itation in Developing Coun-
tries, AID-UNC/IPSED Item
No. 1S5, June 1967.)

-

To start the driiiing operfation, a hole or about U.6 m.

'diameter and V.5 @ aeep 15 mque 1nto whicn water 1S poured.

Some bampoo sStaginy 1S eCected abov: the hole. 4 piece ot
steel pipe is5 pilacea vertically in the soil, and arallaing 1is
carried out by moving the plpe Up and down with a jerxing

action. FPol this, a baaboo raiter rastened to tue pipe and



supportedQZLom tne stavlky 15 operatea. At the 00T O thne
driil pipe, soil looseneu by the water entels 1nto the pipe
allowing it to penetrate 1D tne grouud. As the result ot tae
jerking action oi the ariil pipe, the Lloousened s0il ano

water is pushed upwarus ana comes out throudgh the top ot the

pipe.

Fig 7 8 MAN ON SCAFFOLDING
RAISES HAND OFF PIPE
ALLOWING DRILL FLUID
AND CUTTINGS TO ESCAPE. .
(From “Jetting Small Tube-
wells By Hand,” Water Supply
and Sanitation in Developing
Countries, AID-UNC/IPSED
Item No. 15 June, 1957.)

During the well sinkiany, one waén sSits on rthe top ol
the stagaing ana  takes care that tne  pipe s drliled
pertectly verticaliy. At each Upwdra STIOKe, he Closes tae
top ot tne drill pipe otf with nis hand whicon yntroduces a
suction action. Thls asslsts the Jloouseniag ot the sS01d &t
the pipe pottym and tne tolcinyg up ot the drilied soil. Nore
piéces of pipe are addaed as the string ot drill pipe

sections peDetlatesS de2peC ana deepPel 1D the ground.
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As “the well sinking proceeas, £01il sduples afe
collectea trom the wud flow cominyg out at the top ot the
drill pipe. These are toekell at eacn 1.5 w the draillt pipe is
sunk further, ana then examinea. The ariiling operation ig
Stopped when goou water-bearing tormations are suftaciently
penetrated. The whoOle lenyth or pipe 1S withdraw plece by
piece takinu care te Reep tue driilleda hole 1ntacti.
Immediately atter withdrawal or the drill tubpes, the well
casing consisting  ©f plrastlic pipes ccouwpiete wWith snralnef
sections 1s fitted and Jowered 10 the npole up to tue
determined aeptn,

ANl 1nalcation ©OI the time and labour requlreents 1or
Sinkingy d tubewerl uS1RG tne siuagel wetnou, @ady De cotalnea
from aun exawmpie cobCernilly & well .sunx 10 Kapiibastu
digtrict Of Lumbini 2Z0ue (NepPal) TO & deptnh ot apour 25 m;
The toilowiny data al'v guoted:

- Time requirled ftor uriliiny CI the well 14 bours.
- Time fequlreu 1oL coilstruction ot pilattorcn 5 hours.
- Labour endgagea for ariiling weusl
skildled 4 men.
unskKkillied 3 Riel.
-~ Laboul endayged 10r construction ¢t piattors
SKlideu 1 wan.

unskillea 1 man.
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VIIY EVALUATION

The needa 1s great 1n wost of the developing countries .
for rural water supply programs to serve the. despersed 
éopulatlon now travelling long aistance to gather water tor-
questionable gquaility. Hapapumps, in general, are most.
appropriate 1in such an environmentdal Dbecause tney otfer.

lower ©per capita site developuent cost when cocmpared to

deep, drilled wells with movtorized pumping aud storadge

tacilities serving the salie number ot people. 0On the other

hand, deep, drilled weils usually cffer a higher level ot

guality water. Either approach Teyulires an elfective

maintenance coaponenct to be successful; however, as with:

lower per capita site development costs, hanapumps also

ofter lower operation and bdihtenance costs becduse

tuiltime, daily caretakers are not necessary to activate.

pusaping when stordage cohtdainers need filling as with soae

piped systemé.

Present handpuimnp uesigns are Jleading to very nlgh

expenditures on Cepairs .and malintenance, particularly
transport costs. 1ln wos=t developing countries, as weli as
causinu and upacceptaply hign proportion of water wells to
be out of use at any gaven tiwe. There  1s aiso a lack ot
reliable data on the periotimance ot the dirferent handpuap
designs. This data LS required to facilitate selection from

the array ot avaiifable handpunps.



One ot the main objectives of the hanapumnps project 15'
to deveiop villaye-ievel Operation and maintenauce (VLOH)
handpunps, wnich can bpe aanufactulind 1D the devexoping
gountries and repaired py traibeu viliage operaturs. Unllxé
-the conventional pumps, tnese Light, simpie pumps should be
repalred without incurryny the aelay and expense of»
employing heavily eyuipped, haigndy SKililed woblile -
malltenance unpits.

Withip the ftirst phdse Of the projects, the worla banx_
contracted tne Consumers' Association Testing & bBesearch
laboratries  (CATK) to carry out & Sellies 0L tesls ol
handpuap with the expraience ot tﬂe Overseas Development
hAaministration '(OUA) testing prograsme. Tweive brands ot
‘deep and suhatliow-well puaps were selecied for testing: Kora£ 
608 A-1 ('hailana),;, opabauny tlnaonesia); Hew Lo. b
(Bangladesh) ; ILKC Ethiopld type bF (£tniopla) ; All/Battelle
(Indonesia) ; Kwawoto Drdagyon No.Z (Japau); Mayno 1v 2.6
(USA) ; Briau Nepra (France); Atlas Copco Kelya (Kehyd); hira
AF-T6 (Fintand); Yerelulyte Euelstahlwerxe (VEW) A1l
(Austria); Jetmatic (fhilippines). |

The test jprogram incluqed detalled inspection of the
pumgps as YeCelved, 1ncluaing Thell packdayiny, aud
engineering assesshel ts witn sugygestions tor desiyii-
improvements and user triails.

Durinygy the tileld trials the monlitoriny teaa will
operate aistrict serviciug crevs, ana regular inspectious

will De made or ali puaups to evaluate perforamance and
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walintenance requirements. The standard msonitoriny forms were
desiyned to endble vaild comparisons to be maae ot
instaliation, opelratiny pertormance, resistance to:
accidental dawage Or vdunddalism, breakdown rates, cases ot .-
ﬁaintenance, and general acceptaplility ot the pump in tne;%
community.

At present countries where tieird trials are 1in.
progyress or under prepdairdticn are Sudan, Kenya, Malawl,
Tanzania, Ghana (2 trials), India, Sri Lanka (Z traai), hUC,
Thailand, the Philippines, Papua New Guinea, and the-
Dominican Repuplic. The countries and projects were seiected
on the basis that they nave large-scale rural watel suppliy
programs and couid have "“a rTadiating effect" on their
neiyghbors.

Local manufacture ot the A1lD naodpump ig the

developing countries 4are technicalay and economically .

feasible as a vidple alternative to expensive 1Bports that

Tequire extended purcinasing lead tlide aoa drain  pational
currency frem local circulation.

Because of the coumwprenensiveness of Alv handpuwp
programs, whicn 1include tuae locai manufacture of puwps and !
spare parts and depend upon local technaicians tor
installation and walilhtenalce ot the puwps and sSowetimes
users for monitoring them, the prograwms has met with varying
degfees ot success around the worla.

Experience around the WOLLd has sShown that sose

initial tailures were rooted 1n tne lack ot the capacity to



produce pumps c¢f acceptapble quality. In still other casesi
the pumps were improperiy installed and maintained deSpité
painstaking efforts on tne part of outside experts HOEKlDé
with officlals and technicians, and io still other cases the
pump and/or their garts simply wore oat fros use and

indaeguate maintenance. The latter problems appear to be thg'
most freqguent because of the logistics reguire to maintalﬁ?
pumps once they are 1installed and the ditficuley developingj
countries have in @managing such projects. Despite such

set-backs, however, there is encouraging evidence that soae

countries are develoring the capability to impleument and
maintain handpump procrams.

Under the " Georgia Tec couvntract the AID handpump was
manutactured and tiela tested 1n Nicardgyua and Costa Kica.
After recommenaation deslidn changes, it was 1ntroduced iﬁ
the Dominlcan Republic, Indonesia, tae Phiilppines, Honcuras'
and Sri lanka. A handpump proyraw 1s currently in progress
in Ecuador and Haiti, ana what appearcs to be an unsuccesstul
program 1s currently being phased out in Tunisia.

The International Developwment Research Centre (lURCﬁ

has 1investad abpout CaA$ 7,3U,UuU in a net work for:-

water-supply projects iu Asia and Atrica over the last o
years to help develop more «<ifective pump systeuws tor rural:
water supplies.

The technology developed and - tested by IDRC-supported ..

researcn projects 1s applicevle to rural situations ail over

the worla, not just to tnhose few countries i1n Asia where



tfield testing was carried cut. The development of a nandpump:

utilizing inexpensive PVC cowmponents, which can be .
manutactured locaily and simply enougn to be mdintained at

the viilage level, 1s a giant step torwara in the strudgle
fo provide adeqguate, clean, water suppiles to the rural

populations.

The technology nas been triead, and proven. but theﬁ
question remains: Low cal the desire to utilize 1t and,
maintain it to be best transterred to those who need itwost?
When a handpump breaks aown ana rewdlns out or service, the
economic loss is consaderavie. The repiacewsent parts and the
possibiility of vanddlisa dalQ dlsappearalnce OL parts 1if the
pump 1s out Ot oOperativn tor more than a tew days, result is
considerable cost anda 1luses ot tinancial investment, not tou.
mentiol the hdrasnlp and 1nconvenleunce 1o tnoOSe who have to-
walk lohy distance 1o optallb wateL. oOne solution to tnls;
problem is to focus ebtorts on the devetopaent of LocaLLy 
fabricatea hanapumps thdt are 1hnexpelsive to mahufacture and
can be easily Tepalrea 4t the village i1evel with a mlnimumt
ampount Or expertise.

Th; Watertoo desiyn, developea 1in  1Y7b, aoes justr

phls. The pilston an¢ Loot valve are produced rrom (£vC), a’’
materiadi that 1is Treddaliy available 1n mwost developing:;
countries. Thelrl desigh 13 such tuat the piston and foot:
vaL%e are interchangeanle, 1.e., the piston can be used as a !

foot valve ana vice versa. This greatly reduces the number

ot spare parts peeded 10OC Cepail oOf repiacement fpurpcse. .
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Pinally, tne design takes advantage ot a. PV(C pipe as tnei
riser pipe and the cylinder section, tne place Wwhere tngl
piston sideS up 4and aown, 1S the Clser pipe 1tselt.

The tecanoioygy developea and testea with support froa
the IDRC also ciealiy indicates that no unlversal aesiygyn
will function adequateiy under cohditions witn ail user
gyroups. ;

It 1s exﬁected thdt tue projects wildd tiake 4
signlificant Contripuctionu 1O tae plograms IOr LlOV—COSt water

supply 1n developing countries and thdat the outcome of tae

project will be ot benetlt tu the Banutacturers and users.



IX. DISCUSSIONS AND RECOMNMENDATIONS

The selection, develcopuent, and use ot reliable
handpuwps that can be locally produced and installeu and
maintained at a reasonable price 1S a m8jor step towards
providiny reliabie, sate driuking water suppiies to rural
communities in aeveloping countries. bDue to pgany tecnnica;f
and economicat tactors, such as tne complexity oi:
engine-driven pump and the nigh cost of tfuel, wanuai pumps
will continue to pe usea 10 tne moOsSt parts ot the worla, not
only for potaple water wbut also for doaestic use, livestock,
and irriuation.

dandpumnp tor snaliow tubewells are used tor darinking
and ircigation. purpose in Nepad at the mowent. The cost ot
the shailow tubewell is low, whach amounts te nearly Hs..
2,U00 in comparision tc¢ tone COSt ot deep tupewell wanich 151
about Ks.6,000 at present (USS 1=1b.0> Nepalese Rupee) .
Although tne dischargye of a shallow tubeweil 1is much lower
than that of deep Wwell, the demana ot shallow tubewell is
increasing aqay by wday due to its low cost aud easy
management.

However, a nusber of puwsps Wwill peed to e lmported'

until iocal capepility 1s established. The nandpumps tor

this scheme are intended to pe made locally. Hegotiatiouns to

this end are 1in progress, to locate and arrange with'

interested mabutadcturers tue casting and w@machining ot a

handpuwp similar to the "bandiadesh New No. 6 handpunp®,
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since that has proven to be rellable 4ana meets the.
requilements tor whicn 1L was aesidned. Thnere as adequate:
local capability tO produCe these pumps; althougn the rate
of production (soue 3., VUV units will be needed by 1YYU) 1s
limited, 1t couid weirl De expanced to inciude more ot tnis_%
type or tne MOSTI (flunuaily oOperated shnailow tubewell ior.'
irrigation) whlch 18 eSsentiatlliy simitar. This woutd notf
only expand prcouction oI pumps, WMaAKIng 1t @ore economlc,.:
but would enhence irrivation production capability. Hle of
Nepal, as lead agency 1n the negotiations, will pve 1n a cood
position 1o cooidinate the local mani:acture of handpumps.

1t is poteda that 1u the Bhabhar zone, wnere percu551onj
dritling will pe needed the Quit COSt per well will be some
Es. 10,000 while 1n other aleas where the saudger method ot
sinking wells 1is possible, tne unit cost wiil be aprout hs.
2,000. These unit cost must atfect the cnoice ot the uelli
type to serve a particuléar cowhunlity.

The 1sclatec te2st poraing, Knowiedye ot ex1st1ng:
tubewells ana some intensive stuaies of 4MG ot Nepal
Ministry ot Panchayat ana lucai developuwent, Departaent ot
WwaterSupply ana sederage and étnex previous studies inuaicate -
exi1stence ot excellient and goou aquiter tor wells an the’
distraicts ot Sariani, Ubanussa, Jaleshawar and Kapilbastu.

The static water level 1np the driest perica, l.e., lﬁv'
the.montn ot aprii and ®ay 1is an lwportdant tactor for tor:
using shkaliow tubewell tor drinking ana 1rridgdtion an any‘

place. Except 1n svwse places of the western parxts or HNepal
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in Kapiibastu daistricts, the wdaterr table fiuctuates 3.5 m to

S m 1n the driest perivd 1n the other districrs. These

areas are also sultapie tor - using shaldlow tubewell for

drinking and irragation.
Betore sinking any Shallow tupewell, the pumping test

data if there be any in that area must be consulated. This

w1ll reduce the probabilaty of tailure and thereby extra

cost 1nvolved 1in =inking an unsuccesstui shallow tupewell.

Using available well 1locs, eXpected averadge aquiter anaj

ground water conditions shouid be aeterminea. From this

-expected wWell deptne and  strainer distripution cabh  pe.

determined. The gana saaples soouid be mwarked very carefuily

because the desiyn or the tuvewell 1s mainly based on these
sand samples. 1 no weal logs or previous test data are
availaple, then test twtusewell should be sunk 1n an area

where to sink a large numover of shallow tubewells.

The Cusult o©oif this stuay have Dbrought to 1ii1ght the
p ;

fact tnat the bnandpuwp tecnnoiogy, wust Eirst be testea

under local copditions and mudifiea according to the neeas:

and opinions ot the user yroup, environmeintal conaltions,

available materials, and level 01l exXpertise o0t tnose

expected to adopt 1t anda waintaih 1t. kWithout thls testing, .

the technolougy cannot be expected to meets the neeas of the,

target group ana will moest probaoly tail.

In turthel regards to handpumps 1t 1s recomwehdea that

additional tunding aul eftorts Dpe wade avaiiapnle to

expeditiously upyrade, ©repalir and maintain the 1noperable
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hapapulips. Instatllations thfouyhout the developlng countries:
that originally resudted trow tne diriferent agencies. nauy.'
of this sites are a1 ©niy @ miaor stage ot diasrepalr, so tne'
time ana etfort to correct tne cause ot maifunction snouldb
be slight. Other sites wiii Cegquirle major repair ot the Well?
structure and replacement ot the handpump. 1ln any event,
some System shouid be touna that provides an eftective,
tollow-up-maintain rcutine (even 1t 1t @medans bringing ip'.

another locai dgcvernment ageucy) .
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