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AESTUACT 

This study consists ot a brief discussions regarding 

hydraulic characteristics of an aquifer, component parts, 

hydraulics ot wells, different types of handpumps in 

developing countries and its evaluation. 

The study was conducted mainly to collect available 

information in coiinyction with the design and construction 

of shallow tubewells tor bota druiKiny and irrigation 

purpose and how to utilize these evaluation in iurtner 

ground water development is discussed. 

After analysis or tne nydrological and geological 

conaition of Nepal witn tne collected information from tne 

stuay, it is found that the aquifer and water table is 

suitable tor utilizing snanow tuDeweils for drinKing and 

irrigation in a. large oi the Terai part, of Nepal. 

^ 
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1 INTRODUCTION 

The level of puolic water supply service in Nepal is 

very low. The population covered oy trie piped water supply 

at present amounts to a mere 7.5 percent of total; 

population. Less tnan one percent of jopulation is provided 

with sewerage and sanitary facilities of any Kind. Most ol 

tne people privileged wltn tne saiu facilities live in uroan 

areas. Some 73,01)0 cubic meter of portable water is supplied 

daily for those spread in 4^ districts of Nepal. fcest ot the 

people depend on natural streams*, local springs and weiis to 

meet tneir daily water requirements or needs. 

In the Terai (plains) the sources of supply is the 

ground water from medium aepths varying frooi 100 meter to 

200 meter below ground through deep tubeweils. In the inner 

Terai and the hilly regions the source of supply is either 

springs, streams or rivers. The river water is generally 

collected tnrougn slotted lateral pipes layed under tne 

river bed. The water scarcity is more acute in the hilly 

areas. There are places, where people carry a rew buckets of 

pots of water for dany use from distance as uiucn as five 

kilometer involving several climbs. Water treatment prior to 

distribution is only limited to 4 towns out of the 2y in tne 

country. 
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1.2 POPULATIOJi 

Tne implementation of water supply projects in Nepal 

started many years ago out until the btn Five year pian> 

only a very low priority was accorded to this development 

sector. It is estimated mat the total population served by 

some form of water supply system in currently only 10 

percent of tne total (lb million total of wnich 15.5 million 

live in the rurai areas). 

The rural population in the terai was 3.^1 million in 

iy?1, representing neariy 40 h of the total rural population 

then. This is expecttd to grow to b.b million uy the year 

2000. 

Even though tne rural population in the terai have 

access to ground water, most of the wells are Doth 

unreliable ana unsafe and trie hardsnip experienced Jay this 

large number in the terai merits consideration. Hitnerto no 

organised programme nas been developed to aleviate the 

hardship experienced by the rurai population living in tne 

terai. 

In tne terai plains, the only possible solution which 

is economical and safe is tuoeweil handpuaips. In most paLts 

of terai the groundwater table is quite men. Thus, 

installation of shallow tubeweli is fairly easy. 
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Por tnose areas in whicn iiluvium occurs, ana where 

tne water is always witinn the below ground level, handpuuip 

will be installed . 

1 • a PLAN, AINL> TARGET 

The government ol Nepai laid down that coverage is to 

De one handpump per 200 people by lyvo lor the provision ol 

pumps. In addition, the weils snail be sited so as to 

minimise tne water carrying aistance to 150 meters. It is 

proposed to lower tiie ratio ol user per well from 200:1 in 

1990 to 'lb :1 by tne year 200U wnich implies approximately 

32,000 handpuuips need to be provided between I9b0 and 1990 

and soiae 70,000-bO, 000 additional handpuinps will be needed 

between 1990 ana 2000. The died to be covered by tnese 

tubeweil is thougnt to represent auout b0% or the Terai. 

Ground water at snu.liow depth is available in plenty 

in the terai and Dy tne construction oi shallow tubewells 

equipped with handpunips it would be possible to maKe 

available access to safe water to these people speedily and 

at very low unit cost. The suggested well construction 

programme would comprise of improving the existing snailow 

dug wells and equipping sau.e with nanapumps or construction 

new shallow tubewells. 

During the btn five year pian, starting in I9d0-b1, 

the government has set a target or 40 % oi the total' 

population to be served by sucn projects. 
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1 .5 WATER, SUPPLY 

It is the policy of Hxs Majesty *s Governnieut or Nepal 

that all town should have a piped water supply. By lyyo this 

will be the case; nowever, this does not imply complete 

coverage of the population in those towns, siace the 

bouudries wnicn appxy to town paucnayats are arawu from 

social rather than geogiaphic reasons. Also, in soiae towns, 

it will be more rational to supply certain areas throuyn 

community haridpump where the yeoioyy makes this a 

possibility. 

His najesty's Government policy in the hills aud 

midlands is aimed at reuuciny tue water collection journey, 

iiaproviny water quality and providing an adequate supply. By 

iyy(J it is required tnat snali ue at least one water supply 

system in each in every village panchciyat in the country. To 

ineet this requirement Z2bo gravity piped water supply 

systems has been planned tor iinpleflienta tion in the niiis in 

the miaianus between lybO and iyyu. 

Rural water supplies in the Terai will depend entirely 

on the yeoioyy ana aquifer o.eveis in each areas. Wherever 

possible, shallow tuDeweils with nana pumps will be used, in 

other areas, deep tubewelis, generally with some motor 

driven puiiip, will be used. 

The use of shallow turewell is increasing gradually in 

the Terai or Nepal rur its lower cost and better management. : 

So efficient and economic utilization of ground water 



-b-

througn shallow tubeweii can be achieved by proper design 

and construction of the well. 

1.6 OBJECTIVE OF THIS STODi 

The objective is to study shallow tubewells both for 

drinking and irriyatiou purpose in the Terai parts ot Nepal. 

To provide reasonable access to safe water to the rural 

population in the terai and tnus alleviate the hardship 

being experienced Dy theai at. present. The main purpose OL 

this study is to collect avanaoie information concerning 

design and construction ol snaliow tubeweli and the 

improvement of the existing shallow auywells to sanitary 

standerd and equipping same witn nandpuaps or construction 

new shallow tuuewells. 

1 .7 SCOPE OF 5TU1>X 

Tnis stuuy mciudes the evaluation ot the dirferent 

types of handpumps for shallow tubewells in aifrereut 

countries. Shallow tuoeweli and its component parts, well 

hydraulics, characteristics of wwj.1 strainers etc. are 

studied tor fmdiny tne aesign criteria ot a snaliow 

tubeweii. Finally the importance and feasibility ot optimal 

design ot shallow tubeweii is cLscussed witn specific 

context of Nepal. 
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ll SHALLOW TUL'E^ii'LL AND ITS COUPON Lt.T PARTS 

A water well is a hyaraulic iioie in tne earth down to 

a supply oi water excavattd lor the purpose 01 bringing 

ground water to the surface. The shallow tur>ewell is a type 

of well used lor mainly uoth arinkicg ann irrigation 

purpose. A complete sua n o w tuuewell can be uiviuea into tne 

following parts, (d) tlLe aguiier, (b) the well, (c) cyiinaer, 

(d) pump roa, (e) plunger, (x) cup seals, (g) valves. 

2 . 1 A£tl I£ jvtf 

Presence ol an ayuiiti is essential to construct a 

tuDeWrfli. Tne toruiation or strata within tne saturated zone 

beiow the ground suriace, irom which ground water can cfe 

ODtainea tor Deneliciai u.st, are c a n e d uquilets. Tne 

aquifers are o n g i n a t e a cy the forces oi nature ana are 

indepedentent or influence or man. Tut-- most common uguiier 

-materials are unconsojLiaa tea sancs ana gravels, which occur 

m ailuviai. valleys, oia streaui oeds covered t»y tine 

deposits (DULied valleys), coastal plains ana glacial 

deposits. 

Tne spaces ol portion o± the rocKs or s o n not 

occupied oy s o n u materials are called pores or pore spaces. 

These pore spaces Detween grains arc liilea up witn water| 

entering the ground through rainfall ana passing unaer the 

ground through h y c r a u n c n e a j . 
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2 . 2 W ELLS 

The a q u i f e r anu y r o u n a w a t e r a r e n a t u r a l a n a man c a n 

do v e r y l i t t l e t o c h a n y e i t . Man h a s , h o w e v e r , d e v e l o p e d t h e 

- t e c n n o l o u y t o e x t r a c t t u e a a t e r t o r many u s e s m c i u d m c 

i r r i g a t i o n t h e w a t e r e t i i s . P l a c i n g a w a t e r w e l l d o e s n o t 

c n a n y e t h e a y u i t e r pe ttiiea o m t y n o r t h e a m o u n t of w a t e r 

s t o r e o i n t h e a q u i f e r . Tne w e n tdis.es a d v a n t a y e of n a t u r a l 

c o n d i t i o n s una s e r v e s A S a p l a c e r o r c o l l e c t i o n anu r e m o v a l 

of w a t e r f rom t h e a u u i l e r . I r r i g a t i o n w e l l s d i f f e r f rom 

t h o s e u s e d t o s u p p l y w a t e r r o r d o i n e ^ t i c p u r p o s e s D e c a u s e of 

t h e l a r y e v o l u m e s of w a t e r t h a t h a v e t o be pumped from thein 

f o r i r r i u a t i n y e v e n sin a n f a r m s . E f f i c i e n t and e c o n o m i c a l 

u t i l i z a t i o n o r y r o u n a w a t e r t n r o u y n w e n s d e p e n u on t n e 

d e s i a n c f t h e w e 11 s . 

2.3 CXLll!2Ii 

The main tunction oi the cylinder is to house tne 

plunger assembly and tne suction vaive. The water seal 

foraied by the moving contact between tne cylinder and tne 

plunger cup seal creates the partial vacuum which mak.es 

suction iirt possible. 

The lenyth of tne cylinder is a runction of the strode 

length which is typically 1̂ ..b to lb cm for r.andpuwps. 

Additional ienuth is reyuited tor cups ana for the plunyer. 

http://tdis.es
http://mak.es


and suction valve asttfciuiits. This is Because o± the 

tolerances in measurement ox arop pipe ana pump rod iengtns 

and also to prevent operator auuses such as driving the. 

plunger into the suction valve with excessive handle lift. 

The cyiinaer which Wtrars rapidiy is sometimes 

constructed double length allowing the plunger deptn to ce1 

reset ana pumping to De continued without replacing the] 

cylinder. 

Generally, trie diameter of the cylinder decreases with1 

increasing pumping head. 

The range is xroij /.b en to 10 cm ror snaliow wells, 

and 5 cm or less tor ue«.-pei wt£iis. 

Surface smoothness or tue cyiinaer wail is the Key 

factor in the lire expectancy or plunger cup seai. This is 

the reason wny brass cynnuers art commonly used ratoer than, 

cast iron cylinders despite the lower cost ox the latter. 

Even tnougn, tne average SDiootnness is about the same, 

the harder, sharper, peaits in the steel pipe tena to tear 

and abrade the cup more rapialy. The cups wear mucn taster^ 

in iron cylinder tnan m steel cylinder. 

Recently, the used of t-VC cyiinaers is encouraging. { 

Tests indicate that leather cup wears in PVC cylinders is 

comparable to mat in mass cylinders. Being relatively 

soft, PVc is mete iiKt-ly to re subjected to scouring Dy silt 

and otner solid luipuuties in the water and by the plunger: 

when the cup was worn out. 
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l n suiumary, ora t i s i t t n e i n d u s t r y s t a n d a r d , c a s t i r o n 

i s used when low c o s t xs p a r a m o u n t , ana PVC xs n o t wide ly 

used a s y e t o u t Has wucn p o t e n t i a l s . 

2-U- FjJM£_auD 

Tne f u n c t i o n or pump r o a i s t o c o n n e c t t h e n a n a i e and 

t n e p l u n g e r a s s e m b l y . Tue EDO a t o x t s c o n n e c t o r s must be 

s t r o n g enouyh. t o s u p p o r t t n e f o r c e s whxcn i n c l u d e water 

p r e s s u r e e x e r t e d on p i u u y e r , submerged we iyn t o t t n e pinup 

roo and p l u n g e r asseuiDxy, t n t s l i d i n g t n i c t x o n a t D e a r i n y s 

and t n e cup s e a i s . During t n e a s c e n t o r t n e p l u n g e r , t r ie rod 

i s i n t e n s i o n , wnen u e s c e n t s , t n e puaip roa w i n De in 

c o m p r e s s i o n xr t n e n n n a l e i s o p e r a t e d t a s t e r tnaii t n e 

n a t u r a l u r c v i t a t i c u a i L o i l oi t h e rod and p l u n g e r , however , 

t e n s i l e s t r e s s y e u c r a i l y e s t a b i i s n e s t h e wiiiiinuiii r oa 

d i a m e t e r , n o r m a l l y , t n e d i a m e t e r or t n e puiup r o a r a n g e s t row 

10 mm t o 1^ mm and ti ie roa i s rouna i n s n a p e . 

The p r i n c i p a l o p e r a t i n g p rob l ems wi th pump r o a s a r e 

d i s c o n n e c t i o n s wi th tiie n a n a i e , t n e p l u n g e r or between l i m e s 

ana c o r r o s i o n . D x s c o n n e c t x o n s may be r e d u c e a by t h e u s e o t 

locK n u t s a t c o u p l i n g s , p r o p e r t n r e a a x n g ctnd t n r e u a 

engagemen t . C o r i o s x o u - r c s i s t a n c e i s improved by t h e use or 

g a l v a n i z e d s t e e l or a i i o y s . 
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2 .5 £LU.t[tiEK__AS^5n^LX 

The p u r p o s e ot t ne p i u u u e r a s sembly i s t o l i i t t i ie 

wa te r t o t h e pump s p o u t d u r i n g I U upward s t r o K e . I t a l s o 

h e l p s t o s u p p o r t t n e d i s c h a r g e v a l v e . When d e s i g n i n g t h e 

p l u n y e r a s s e a o l y , s t r e n g t h i s t h e f i r s t p r i o r i t y t o be 

c o n s i d e r e d . The open ing and d o l i n g or t n e d e s i g n u i s c n a r g e 

v a l v e a r e r e l a t e d t o t h e movement o r t h e p i u n g e r a s s e m b l y . : 

The a s s e m b l y t y p i c a l l y c o n s i s t s o t a c a g e c o n n e c t i o n 

t o t h e pump r o d , d i s c h a r g e v a l v e , cup s e a i s and cap s e a l 

f o l l o w e r s and s p a c e r s . ir 'utner a i s c u t s i o r i s on cup s e a l s and 

v a l v e s a r e p r e s e n t e d be low . 

2 .6 C0P_SEALS 

The major function ot cup teal is to prevent bacKflow 

of water between the plunger and the cylinaer walls during 

pumping. Leatner or i rexiuie niaterialis rolded or cupped 

over the piunger face . As the piungei ascends, the lips of 

the cup is pressed against tne cynner wall to form a seal!. 

The descending or the piunger causes trie mwara movement oi 

the lip, thus reduces friction and wear. The repeated 

sliding friction between tne cups and tne cylinaer wail 

eventually wears away the cups ana periodic replacement or 

tne cups is necessary. i 

Indeed cup seais should be non-toxic, durable, low 

friction coefficient, resist o,ixdew, fungi and otner 
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biological attacK. . It snouid t>e reaaily available and 

flexible enough to n i x cylinder of different shapes and 

sizes. 

Leather has Keen the material used, as it is 

relatively cneap ana available worldwide. PVC cups are now 

being used in several programs, one of tne m a m auvantayes 

is their longer service lite. 

2.7 VALVJ5 

Generally, tnere are two valves within the cylinder; 

one valve in the plunger assembly caiieu the plunder or 

discharye valve, tne otner in tne Dottom or suction enu of 

the cylinder know as the suction or toot vaive. both the 

valves mentioned are ciî cK valves, since tne valves oniy 

allow the watei to flow in one airection . 

Tne discharge v<il ve closts during upward movement with 

the plunger to discharge tne water auove it and opens during 

its aownwara movement to reiili, so tnut to replace the 

water discharge during tne ptepious cycle. The suction vaive 

opens during tne upwarc movement of tne plunger ana closes 

during downward movement. Its function is to eliminate the 

i 

laL>or of r e p r i c i n g t o r e s t a r t pumping . 

Tne v a i v e shou ld oe w a t e i - t i g a t , e s p e c i a l l y t o r t n e 

s u c t i o n v a l v e wnicn Uiiiijt nold w a t e r t o r n o u r s o v e r n i g h t i t 

t h e pump i s t o m a i n t a i n I I K pi l ine . 
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Tne v a l v e o p e n i n y s s h o u l d oe l a c y e enouyh t o niinii i i i ie 

f r i c t i o n a l head l o s s e s . The v a i v t i s h o u l d c l o s e quxcKly t o 

min imize b a c K t l o w . however , t n e v a l v e open ing i s r e s t r i c t e d 

by t h e c y l i n d e r d i a m e t e r and U t s p a c e needed f o r cup 

s e a l s , r o l l o v e r s , s p a c e r s e t c . 
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III HYDRAULICS OK WELLS 

Shallow tubewells operate according to certain 

fundamental principles. Water tlows into the well from the 

surrounding aquifer because tne puinping of the well creates 

a diffrence in pressure. faetore pumping the water in tne 

well stands at neignt equal to tne static water level or 

static water pressure ic tne saturated sand around the well:, 

when pumping starts, the water level in the well drop down 

and the water starts to fiow into the well from the water

bearing formation, because water level or pressure inside 

the well during pumping, is lower than that in the aguiier 

outside the wail. 

To understand tne principle ot water entering a well, 

the following terms should be understood first. 

3.1 POROSITY 

Porosity ot a material is the portion of its total 

volume tnat consists of open or pcre spaces, when these open 

spaces are in geologic iormation , they become potential 

areas of ground watei saturation ana avenues of ground water 

movement. The size of the pores and total pore spaces of an 

aquifer varies witn tne type ot formation material. Porosity 

represents the amount of water the aquifer will hold, but it 

does not determine tne case with which water will move 

through those pore spaces. Ground water stored within the 
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pore spaces that wiil not easily Btove through these openings 

is not useful tor withaiawai oy snaiiow tubewelis. When pore 

spaces are very small, as in clay, water remain attached to 

the surfaces tnrcugh capilanty at points of yrain contact 

and become uninovaDle. 

3.2 PMMMBIiill 

Permeability is the capacity of water to flow tnrouyh 

a porous material. When tnis material is sana, silt and 

gravel of geologic formations that are saturated with ground 

water, permeability becomes an important factor m removing 

water from tne ground througn snallow tuoewells. 

Permeaoiiity also depends upon the size and sorting of 

material that DiaXes up the geologic formation and aquifer. 

In general, the coarser tne material and the more uniform 

tne practicie sizes, the easier it is tor water to move 

through the open spaces. Water with its capiiary 

characteristics will cliuy to the small pore spaces or the 

small grain sizes. Very fine sand and silt have a high 

percentage of voids, but the small size of the voids 

restrict movement of water because of its character. Various 

sand sizes and silt ud x together will fill potential voids 

thus maintaining many small voids as well as a limited 

number of voids. This mixed material has poor ayuifer 

potential also. Hence it can be considered, in general, m a t 

the coarser the material, the better the ayuifer. 
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3.3 COEFFICIENT OF PEhrt EABILIT Y 

For ground water use, permeability of sand and gravel 

is an important element . For convenient use in ground water 

and well evaluation, the coefficient of permeability is the 

rate of flow of water in liters per square meter of the 

aquifer under a hydraulic gradient ot one meter per meter at 

the prevailing temperature of water. 

3 . 4 COEFFICIENT OF TUANSHISSIVITX 

The coefficient ot transuiissivity of ground water can 

be defined at the rate at wnich water will flow tnrough a 

vertical strip ot tne aquirer one meter wiae and extending 

throughout the full saturated thicKness ot the aquifer under 

a unit hydraulic gradient. The vaiue of the transmissivity, 

can be determined from aquifer pumping oy measuring one or 

more wells, the decline or nead wivh time unuer tne 

influence of a constant pumping rate. 

3.5 COEFFICIENT,OF_STuKAOE 

The coefficient of storage of an aquifer is tne volume 

of water released from storage or taxen into storage per 

unit surface area ot aquifer per unit change in head. This 

coefficient ot storage, is a dimensionless term. 



-1t>-

3.6 PRINCIPLE OF WATER ENTERING A WELL 

Except in certain cases, grouna water flow is almost 

exclusively laminar. HAUlN (1t>yJ) and P01SEUILLE (1b4b) 

showed that the velocity of flow in capilary tuoes is 

proportional to tue slope, of the energy gradient. DARCY 

- (1b56) confirmed the applicaoiiity ot the principle to tlow 

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

V = KS 

The term, ri, in DAKCY's law is rerfered to as tne 

hydraulic conductivity ur coefficient of permeability, when 

water is lifted troai the well creating a new lower water 

table or level in the well called the pumping water level. 

This pumping water level then cteats a head difference 

between it and the original static water levei, called 

drawdawn. Principles ot DARCY's law indicates ttidt the 

ground water will flow towards the well because of the head 

difference and tne rate depend on ttie permeability of the: 

aquifer. The water fiows radially toward the well from ail 

directions. As tne water moves closer and closer to tne 

weil» it must pass successively through smaller and smaller 

areas. The same volume ot water passing through smaller area 

requires an increase in the velocity. 

Accordiny to the DARCY's law, hydraulic gradient of a 

porous material varies directly with flow velocity. The 
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greater the rlow velocity the greater the head diifereutiai. 

The hydraulic gradient or tieaa aitferentiai required to move 

the grouna water at gradually increasing velocities becomes 

steeper and steeper toward the well. 
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IV WELL STRAINLnS 

The strainer or screen as it is often called, is 

placed in the well to hold the sand or gravel aquifer ID 

place while allowing the ground water to enter the well. 

Ideally then straiDer open area should be equal to or 

greater than that ot the adjacent aquifer void percentage 

thus allowing unrestricted inflow of ground water into the 

well. But strainer cot,t a, construction inethous ana materials 

prevent this is many cases. The greater the open area of 

strainer, tne lower tne entrance velocity of water into the 

well resulting in a more productive, longer lasting and more 

economically operatea well. The recouimehdations on sate 

limit of entrance velocity ot the liow into the well vary 

consideraoly. BhaNISuN fiya?) proposed that a velocity ot 

0.UJ to U.U7S m/s tnrouyu the individual opening ot tne 

screen will X.eep the sand movement ana heaa losses to the 

minimum. LINSLfci ana rhAisANI (I9b4) ooserved that the 

entrance velocity should ue Kept below 0.1b m/s in order to 

minimize sana movement and heaa losses. The total strainer 

open area tor a snallow tubewell cau £>e varied Jjy aa3ustijig 

the length or diameter ot the screen. 

A transmitting capacity ot U.U3 m/s is commonly used 

when consiaering the hyarauiic characteristics of the screen; 

itself. This entrance velocity can be determined oy dividing 

the well yield oy total open area of the strainer. 

Generally, the aquifers ot lower permeaoility are composed 
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of rme gram materials which have a tendency to cloy tne 

strainer when its comes into contact with the wire net 

openings. The greater the velocity ot water in the aquifer 

the greater is the tendency for tine materials to graaualiy 

migrate towards the screen, ultimately blocKing off some of; 

the openings. 
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V -ShALLOW TUbEaELL L/JESIUN 

Generally the wells are designed tor ditterent 

purposes such as irrigation, drainage, sanitation and 

domestic and iudusttiai vorKs. So the design requires 

particular attention taMny into account its purpose. 

Desiyniny a water wexi involves selecting tne proper 

dimensional tactors lor the well structure and choosing tne 

material to tie used in its construction. Shallow tuoeweils 

shoulo be designed anu constructed to take advantage ot the 

natural conditicu at a given location. 

The shallow tuoeweil utilizing suction iixt pumping 

has lire limitations. Ana so this requires the use ot all 

technology possible to acuieve maximum benitit troa the 

limited litt. Eliorts to reauce tne drawdown in tne well, 

dust be made. 

For designing tne well trie tollowing criterion should 

be considered. 

1. Placing tne screen opposite tne joest layers. 

2. seperatiny screen to intercept more aquiter. 

3. Maintaining low triction nead loss m the system. 

4. Placing adequate strainer lengtn to collect 

intercepted water. 

5. Placing- strainer witn openings couipatiDie to the 

adjacent formation. 
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The design elements in shallow tunewtli 

diameter, well depth, well screen and its 

5-1 WELL_UIAM£TfcH 

Choice of a proper well uiaiaeter is important fori 

tubewells because it affects siuniticaiitiy tne cost or tne; 

structure. The diameter ol a shallow tuoewell is usually tne 

same from tcp to aottan . The aiameter of tne intake section1 

of the well should be such as will ensure good nydrauiic 

efficiency or the weii. Tne yield ox. a well is tne function! 

of the diameter of itt intaKe portion but they are not 

directly propcltionai. an increase in wen aiameter 

increases slightly. K««ping the hyaraulic properties of the' 

aquifer as constant, aouunny tne aiameter of the screen in 

a water table aquifer w n i increase tne aiacnarge only auout 

11 percent. 

5.2 WELL_SCRi.EN 

A well screen is a strainer, wnicn separates tne. 

groundwater from the granular Uiaterial in wnicn pores it is 

contained. The well screen eitmt-nts refer to the length of 

the screen, its diameter total open area anu size ana 

arrangement of the slot openings. A well screen should 

fulfill the following requirements. 

include tne weil 

placing. 
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1. Resistance to corrosion and deterioration. 

2. Enough structural strength to prevent collapse. 

3. Suitability to prevent excessive movement ot sand 

into the wen. 

4. Minimum resistance or How or water into the well. •• 

Strainer opening should be as large anu as many as is 

practical ana still ce capame ol preventing the sana ol the 

aquifer trom entering the well. As because tne greater the 

size and numoer or opening tne lower the water entry 

velocity and hence head loss. Moreover, greater velocity ol 

water nas a tendency to more tine particles towards tae 

-screen where they are trapped ayamst tne wire mesa tending 

to clog it ana reduce the eiiective open area. So the entry 

velocity aiust be Kept in tne lower side lor an etricient 

well. Strainer length ana diameter determine the open area 

exposed to tne aquiler. but as ror snaiiow tubewell diameter 

is normally fixed, length ot screen is a Key ractor ior a 

good well. .for preventing tne rapid clogging, the screen 

length can be determined on the basis or . Walton's (1yfa2) 

equation. 

h = (b-1) 
A 0V e i 

where, n =• lengtn ot s c r e e n , ui 

U0 = ihaxiiuuui expected a i s c n a r y e c a p a c i t y or 
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A 0 = e t t e c t i v e open a r e a p e r a>eter l e n g t h 
2 

or the well screen, in /in 

Ve = entrance velocity at the screen, m/s , 

Details of screen has ueen discussed in the previous 

chapter. 

5.3 PLACEMENT Of SCStLN 

Placing the screen opposite the most permeable portion 
i . 

of the aquifer is the most important principle in tne 

shallow tuJbewell design. because of tne variation in tne 

geological conditions from well to well, strainer must be 

placed on an 'individual well oasis and should be the 

responsibilities of the field personnel who are actually 

drilling and constructing tne well. for a hojiouemous layer 

strainer percentage should be as follows: 

less tnan 7.50 la thicK - 7urt is adequate. 

7.50 - 15.00 m tnicK - 75Jt> is adequate. 

mere than "Ib.UOni thicx - b0% is adequate. 

These stramei length will result in obtaining at least yu% 

of the maximum s p e c m c capacity or tne complete aquiler. 

Proper placement oi a strainer in tne layer is shown in 

fig.5.1. 

Two basis principles of placing the screen opposite 

the Dest aquifer ana seperating t»ie strainers can ue 

incorporated into tne loilowiny construction key. This will 

be adequate for most conditions encountered. Let it be 



assumed tnat J (tnree) J.U w strainers will ue ustd. Placing 

of screens depenaing on ditlerent layer conditions wxll be 

h - 11 Dest aquifer totals Ib.UU ui or more 

(i) - auo aquifer in one continuous layer - three 

strainers snoula be piaced alternating with 

casing, 

(ir) - ana aquifer in seperate layers - one strainer 

snculu be piacea in each seperate layer. 

b - If oest aquifer totals g.O ro to Ib.u m 

(ij - and best adulter all m cue laytr - two strainers 

alternating witn casing snouia be placed. 

(ii)- and best aquifer in seperate layers - one strainer 

in each sepetate layer shouia r*e piacea using 

maximum of u c strainers, 

(iiij -also one strainer in tne second best adulter 

snouia be piacea but seperated trow other 

strainers. 

C - If best aquifer is less tnan y.U a 

(i) - and aquifeL ail in one layer - one strainer in 

center or the layer should be placed, 

(ii)- ana aquifer in two layeLS - one strainer in eacn 

layer shouia be piacea. 

{lii) -ana if second best aquifer is in one layer - two' 

strainers alternating witn casing but seperatea; 

from other strainers should be placed. 
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(iv)- and if second Dest aquiler is xn layers - one 

strainer in eacn layer but seperated from otner 

strainers snouia oe placed. 

Layer less than 3.0 a» tnicicness snouia not ne consiaered as 

layer for strainer placing. 

The commonly used materials such as brass ana 

galvanised steel are suitable ana often available, ana can 

be driven into place wnere necessary. This type of strainers 

are expensive for tuf>ewell. 

Plastic such as eVC and k&b is very useful tor screen 

production wnere driven is not necessary . I-VC is a cheap and 

easily available in the country. It is liyht and strong. It 

is non-cotrosiv'e ana rneit to salt action. It pipes are 

manufacturea in the length of l.b m and 5u mm diameter tor 

strainer. PVC pipes are being extensively used in the 

Country tor strainer ana otner purposes. 
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VI l-UMP T iPES IN DfTAIL 

6 . 1 BANGLADESH 

As of Deceinoer 1^77, approximately bbj,OUU handpump 

tubewelis existed in Bangladesh. In general, 75-bt>?» of the 

hand pump tune-wells art xn operation. ; 

UNICEF hexped in developing a iocal puiap callea "Nisw 

NO. 6", wnxch xncorporates some loeas suygestea by tne 

Batteile worK, out wnicn is auout halt the size, oecause ot 

a need to economize in materials. This low lxrt putup is 

currently being aanutactured xn tens oi tnousanus xn local 

fouridrxes, (fxg.'o.l). 

The reasons for tne success of tne pump/tube-weix 

program m banglauesh seem to De tne aiuti inotxvaticn of tne 

people towarus tint type oi water supply, ana tne; 

oroanxzation or the maintenance service. The tact that 

people Vi-ilue their pumps ana welxs uore than in soae other 

countries xs xnaxcated uy tno large number ot private 

xndxviduals who have xnvest«d xn a prxvate pump for their 

own nousenold. 

6.2 Ii<J)IA 

The n a t i o n a l w a t e r s u p p l y ana s a n x t a t i o n program of 

Indxa was x n x t x a t e a on au o i g a n x z e d t h e Inoxa marK-11 purap, 

( F i g . 6 . 2 ) . Thxs nand-punip xs an improvement on o l a c a s t - i r o n 
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Fig.6.l New No.6 Handpump (Bangladesh) 

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



pumps whicn cou ld n o t w i t h s t a n d t h e wear and ' t e a r o l neavy. 

u s e . The maiK.-ll i s m a n u f a c t u r e d o± s t a n d d i d s t e e l ; 

components a v a x l u o i e in I n d i a . The c o s t o l t h e naridpump i s , 

OS * 1 5 0 . With t h e r i s i n g ma in , puiap r o a s and c y l i n d e r , t h e 

c o s t i n c r e a s e s t o $2u0 . nany s t a t e o t I n d i a a r e now t a k i n g a 

renewed i n t e r e s t i n hand -pumps . A number a r e e x p e r i m e n t i n g 

wi th v a r i a n t s or t n e t n r e e - t i e r s y s t e m , oy removing t h e ; 

b l o c * l e v e i and s t r e n g t a e n i n g t h e d i s t r i c t l e v e l t eam. 

The s u c c e s s o t t h e t u r e e - t i e r programmes l i e s i n a, 

comDina t ion of cooiuiunity p a r t i c i p a t i o n ana good t e c n n o i o y y . 

The tough I n d i a marK- I I hand-pump h a s g r e a t l y r e d u c e d , 

m a i n t e n a n c e n e e c s . I t i s r e p l a c i n g t n c o l d c a s t i r o n puiitps 

d e s i g n e d f o r w e s t e r n l a . m l y u s e , which c a n n o t s u r v i v e t h e 

tough t r e a t m e n t of n o n - s t o p use by h u n d r e d s of v i l i a y e r s . 

The annuaJ. c o s t of t h e t h r e e - t i e r n a i n t c n o i i c e s y s t e m ' 

has been e s t i m a t e d a t a o o u t 5. l y , 0 0 0 t o r 5u0 puiops. 

b . 3 H'zPkL. 

There a r e d i f f e r e n t d e s i g n of hand-puuips used i n t n e 

t e r a i r e g i o n ( p l a i n a r e a ) o t N e p a l - m c i ud ing i m p o r t e d , 

s e m i - i o c d i and l o c a l . The p r i c e s of t h e i m p o r t e d nandpumps 

a r e m t h e r a n g e or USJ b-o-^uu, d e p e n d i n g on t h e wocKinu 

d e p t h from H t o 2b in. The v a l u e o t i m p o r t e d p a r t s a r e aoou t 

20-40% ot t h e l o c a l p r i c e s . 

In a c o m p a r a t i v e l y a n a l y s i s t h a t a n hand-pumps c a n n o t 

be i n s t a l l e d and m a i n t a i n e d by a c e n t r a l government u n i t . 
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F i g . 6. 2 INDIA MARK-11 HANDPu'M? 

(From "Handpump f o r D e v e l o p i n g C o u n t r i e s " , ENFO, 1983) 
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Pumps cau be s u c c t s s i u i i y h a n a e l e d o u i y a t t h e s i a a i l 

community l e v e l . t x p e r i e n c e i n Nepal n a s shown t h a t t he more! 

s u c c e s s t u l p rograms a r e x o c a t e d i n t n c s e a r e a s wnere uiaxnte 

nance i s c a r r i e d o u t w i t h i n t h e community i t s e i t . 

In t h e e a s t e r n ana w e s t e r n p a r t s of t e r a i wi tn t n e 

j o i n t c o - o p e r a t i o n o t tifiG of Nepal ana UNlCBf i s d e v e l o p i n g 

Bang ladesh t y p e No.b nahJpumps . Th: > t y p e ot nand-puiups has 

been d e s i g n e d and d e v e l o p e d oy OMICEi** i n N e p a l . I t i s : 

e n t i r e l y D u i i t o t i'VC s c r e e n , PVC s a n d t r a p , HDP and b l 

p ipes - , a v a i l a b l e i n most c o u n t r i e s , wnich inaKes l o c a l : 

m a n u f a c t u r e s u i t a o i e . I t i s l i g n t weight and can be 

i n s t a l l e d oy n a n a . w a i n t e n a n c e i s ea sy s i n c e t o e p i p e can 

be sawn a p a r t ana giueu. t o g e t h e r a g a i n . The pump i s now 

b e i n g t e s t e d in t n e t e r a i r e g i o n s ot N e p a l . 

b .« AIT-JrVC. Hanapunip 

Basea on the field monitoring ana xaooratory test 

results, a final design, called the AlT-PYC nandpump, was 

developed. It is incoiporated trie following features. A new 

type of lulcurw imK, ningea at botn ends oy means 01 Dull 

bearings, was introuuceQ in the design. This fulcrum link 

replaces tne type used m the department ot mineral 

resources ifMh) nandpump, winch tailed frequently eitner at 

the joints or at tne linM itself. Details ot tne aDove-

ground components are sfiowD in the tig.b.J. 
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(From "AIT-PVC Handpump", V i l l age handpump technology, IDRC, 1982) 
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Tne r i s e r p i p e i s oio.de o i s t a n d e r d 7 .b cm d i a m e t e r pvc 

p i p e 4 ai i o n y . T h i s p i p e i s a i i io used a s t h e c y l i n d e r . Tne 

on ly p a r t n o t mane of P vC i s t n e 11 cm purap r o d . I n i t i a l l y , 

a s t a n d e r d hol low 2 on d i a m e t e r PVC p i p e was used t o r t h e 

pUQp rod b u t t h i s waa n o t s t r o n g or d u r a b l e enough t o 

w i t h s t a n d t h e pumping f o r c e . Even t n e s t e i l pump rou was 

found t o De i n s u t f l c i e n t a n d , a s a r e s u l t , a s p a c e r i s 

i n t r o d u c e d a t t n e j o i n t o t t h e pump rod t o min imize 

v i b r a t i o n s . D e t a i l s o i t u t be iow-g round components a r e shown 

in F i g . 6 . 4 . 

On a t r i a l o a s i s , t hLee AIT-PVC handpuuips were 

i n s t a l l e d if) w e i i s l o c a t e d i n t n r e e d i f f e r e n t r e g i o n s and 

t h e i r p e r t oruanc 'e was m o n i t o r e d . 

The c o s t or cii Ai'T-t-VC nandpump wus e s t i m a t e d and 

compared wi th t n e lyflk aim Aivb nandpuaip ( t a o l e b .1) . Two 

s e p e r a t e cooiponents a r e c o n s i d e r e d i n t h e c o s t a n a l y s i s , t u e 

above -and u e x o v - g i ound c o m p o n e n t s . For t n e b e l o w - g r o u n d 

componen t s , on ly t n e c o s t of t n e p i s t o n and c y l i n d e r a r e 

g iven b e c a u s e t n e leiig tn o t t h e u s e r p i p e d e p e n d s on w e l l 

d e p t h . 

Tne c o s t of Lul L and Anb nandpuraps a r e ca sed on 

m a s s - p r o d u c t i o n , w h e r e a s t h e c o s t or t h e AIT-PVC sys tem i s 

based on a s m g i e o r d e r . Thus t n e c o s t o t t n e AiT-PVC 

hanapump cou ld be r educed f u r t h e r i f t h e pump were iuass: 

p r o d u c e d . The c o s t o r t n e AIT-PVC nanapump was JlUU oafi t , ' 

whereas t h e DMS and hiib nanupuuips were 2bb0 and J20U b a h t , 

r e s p e c t i v e l y . 

http://oio.de
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Tatiie b.1 
Cost cowpansion of three typts of Hanupumps in Tnaixana 

r - - - - - 1 

I Type o f 
I Hand pump 

I A o o v e - u r o u n d 
I DMh 
I AfiD 
I AIT-PVC 
1 B e l o w - g r o u n d 
I DKR 
I AriD 
| AIT-PVC 

• 

C o s t 

(Bah t ) 

2100 
2500 
2 3 0 0 

7UU 
700 
bOO 

i i 

KeniarKs I 

( l a s s p r o d u c t i o n | 
ttass p r o d u c t i o n | 
S i n g l e o r d e r | 

h a s t ' p r o u u c t i o n | 
flass p r o d u c t i o n | 
S i n g l e o r a e r | 

23 £ant = US$1 

6.b THE AID Ha.,Nl>P Uf1P 

i_ 

The AIL* haiidpump is a single action, reciprocating, 

positive displacement pu.np aesignea in 1 yb b by battolle 

ColumDus la DOCitories t OL the U.S. agency ror International 

Development (Alu) . specified t ions for the cesinn includes 

long and unsMii<=u iuiiot, putciitial lor aaiiuiactuie in 

developing countries, ana easy operation Dy women ana 

children. The shallow wen version, witn tne piston ana 

cylinder assemuiy incorporatea into the aoove-ground puiap 

stana, is_ suitable for weiis unere ground water is rocatea 

at tne deptn ot less tnan 7 —ti m, as shown in Pig.b.S. 

Tne AIL> pump nas been usea in various countries sucn 

as Tnaiiand, the Philippines, Nigeria ana banyiaaesh, 

Guatainaia, sri Lanxa, Tunisia, Ecuador (Mc Junxin, ig/7) , 

and it has also Keen introducea in Nicaragua, Costa Rica, 

the Dominican Hepuolic, anu Indonesia (Potts et ax.,. 1^7y). 
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SLIDING 3L0OC 

, ROD £M> 
' LOC. .M.T 

>!.UNCcS 3 0 0 

P'J.MP C i . ' 

PL'.MP 300V 

FOZ S H A L L O * -
vtJLL PUMP 

.'Jidl' 
WPMS 

• 3 0 0 P ivcr P:N 

/l|!!!!ii.a\ l 'G-//!ii i r « 5 
H i . s o t i PIVOT " N 

4 111; v i - HJk.'.OLE 
FL'LCS'JM 

LUCRUM P i v o f p r i 

PU-->P sr*.>o 

DROP PlPS 

Fig.6.5 The AID Handpump 

(From "US AID Handpump program in Tunisia", WASH, 1983) 
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Potts et al. (1Wy) claim that lmple^entation programs 

have shown that the ALD nandpump is "very adaptaole to 

manufacture in ir.any developing countnles and offers many 

benifits, such as spare part availa bility, uas >/ maintenance* 

low cost, duraoiiity, employment creation, increase or local 

incomer and reduction ot foreign exchange outflow". on the 

otner hand, Pacy (1ybU) states that eriorts to arrange field 

tests for this pump in Thailand, Nicaragua and Bangladesh 

"have been disappointing, mostly tor non-technicai reasons, 

and the design is still not proven". 

6.b THE WATBHLQO 1-Uiljf 

This type or hand pump-also caxlea the "IDlcC pump"-w.is 

originally the result or an iDkC-spousoiea design centered 

on developing a simple, row cost piston ana toot-valve 

assemDiy for a annual, sria.liow-v.ell pump. T ue piston alia 

foot-valve assemjjiy was developed at tn& iniversity 01 

Waterloo, Canuca in iy 77 . Tat; Waterloo differs trom others 

in that it has Deeu u^-signeo specifically lor fabrication in 

developing countries, using existing locally available 

resources. 

The lbftC pump has oeen undergoing field tests m 

Malawi ana Ethiopia, it nus also been used in comparative 

studies in Nicaragua and Costa hica, where it was testeu 

alongside the Battelxe pump, according to Pacy (lybU), tne 

verdict released in juuuary ly/b was tnat the IDkC pump has 

http://sria.liow-v.ell
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"good points", and is suited to a "lower level of 

tecnnoiogy" than tut batteiie pump, ana it would oe 

especially appropriate wnere "tountiry idCiiities are not 

available but local manuracturing is desirable". 

In 197b, researcn projects were set up in two 

countries in Africa (ttnxopia and daiawi) and four countries 

in Asia (Malaysia, the iJniippj.nes, Sri Lanka and Thailand). 

to field test tne pump under various enviionwentai 

conditions and levels or technical sophistication witn 

different user groups. 

During laboratory ami . field tests, several delects 

were observed and so modifications were made. For 

example, the asi'an Institute of tecnnoiogy has proposed a 

modified version, WHICH IS called the "i-VC--AlT" nanapump. 

The resulting design ir cm thxs inter-courrtry IlHiC sponsored 

project was later generally called tne "lDhC-tvc" nanapump, 

as snown in Pig.o.b. 
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(Al Ufl anJ (81 (Jtlion pumpf: (II jiOtlJfx purls; (Zl j « /v«»u; i / parti: (}l PVC f « r ! l : HI rr.iU-ilrtt ilanJ: 
(Si cancri'.c: (61 piflon: (7l [ool o.:i'o<: ar.,1 (81 eating pipt. 

Fig. 6. 6 THE WATERLOO PUMP (IDRC) 

(From "Village Handpump technology", IDRC, 1982) 
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VII- CONSTRUCTION MBTHObS 

The term well ariilinu inetnods is iieiny used here to; 

include ail method used in creating uoies in the ground for 

veil construction purposes. AS sucn, it includes methods 

sucn as bonny ana driving wnicn are not milling metnoas in: 

pure sense. The classification is one oi convenience in the: 

absence of a better descriptive teriii. The limitation ox well 

diameter flu cm ana iessj exciuae the dug well rrom 

consideration. The section taat toxlow describe (a) uorinu 

methoa (b) driving (cj getting (a; nyurauiic percussion (e) 

sludger method. 

7.1 BORING METHOD 

boring et su.aii aia.neter well is couimonxy unuertaKen 

with hand-turneu earth augers, though power-operated augers 

are sometimes used. T« o common types ot are shown in. Fig. 

7.1. They eacn consist or a shatx with wooden handle at the 

top and a bit witn curved Diades at tne bottom The oiades 

are usually ot the nxtu type, but augers with tiiaaes that 

are adaptable to uiirerent diameters are also availaoie. 

Shalts are usually made up ot 1.b ui sections with easy 

latching couplings. 

The noies is started hy rorcing the blacies ot the uit 

into tne soil witu a turning fliotion. Turning is continued 

until the auger uit is tun oi material. The auger is then 
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F i g . 7 . 1 HAND AUGERS 

F I G . 7 . 2 SPIRAL AUGER 

(From "Wel l C o n s t r u c t i o n " , Wa^er w e l l manua l , 1971) 



l i f t e d from t n e noxe , e m p t i e d ana r e t u r n t o u s e . S n a i t 

e x t e n s i o n s a r e aaaed as needed t o o o r e t o t h e a e s i r e d d e p t n . ; 

H e l l s s n a l i o w e r tnaii 4 .b 1a o r d i n a r i l y r e q u i r e no o t n e r 

equipment t n a n t h e a u g e r . Deeper w e n s , however , r e q u i r e t h e 

use of a l i g h t t r i p o d wi th t n e p u n y a t t h e t o p , o r a r a i s e d 

p l a t f o r m , so t h a t t h e auge r s n a t t can Oe i n s e r t e u and 

removed iroai t n e h o l e w i t n o u t d i s c o n n e c t i n g a l l s h a r t : 

s e c t i o n s . 

The s p i r a l a u y e r snown in F i g . 7 . ^ i s used p l a c e of t n e 

normal cu t - t iny b i t t o removea s t o n e s or o o u l u e r s e n c o u n t e r e d 

d u r i n y b o n n y o p e r a t i o n s . when t u r n in a ciocK.wi.se 

d i r e c t i o n , t n e s p i r a j . t w i s t s a round a s t o n e s o t h a t i t can 

f>e l i f t e d t o t h e s u r f a c e . 

The method i s used i n b o n n y t o a e p t h s ot ui>out lb ir. 

in c l a y , s i l t and sand l o c a t i o n s not s u b j e c t t o c a v i n g v 

b o n n y i n Caviny f o r a i a t i o n s luaj- Oe done by l o w e r i n y c a s i n g : 

t o t h e Liottoc of t n e n o i e and n o r i n y ahead l i t t l e jjy l i t t l e 

whi l e f o r c i n g t h e c a s m y aown. 

7 . 2 DhlVING, MhTHUD 

Dr iven w e l l s <tre c o n s t r u c t e a by a r i v i n y i n t o t h e 1 

ground a w e n p o i n t f i t t e d t o t h e l ower end ox t i g h t l y 

c o n n e c t e u s e c t i o n s or p i p e . The w e l l p o i n t must fie sunK t o 1 

some dep th w i t h i n t n e a q u i f e r ana oelow t n e wa te r t a u i e . Tne 

r i s e r p i p e a c o v t t h e w e l l p o i n t f u n c t i o n s a s t n e w e l l : 

c a s i n g . 

http://ciocK.wi.se
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Equipment used m c i u u e s a d r i v e namaier, d r i v e cap t 6 

p r o t e c t the top end o± the r i s e r p ipe during d r i v i n g '., 

t r i p o d , pui iy and stroiiy rope with o r wi thout a winca. A 

l i g h t d r i l l i n g r i g may be used i n s t e a d of the t r i p o d 

assembly. Well p o i n t s can oe dr iven e i t n e r Dy hand metnods 

or with tne a id cr machines . F i y . 7 . j shows t h e assembly for 

a pure ly uand-dr iven metnod . The d r i v e - b i o c x assembl ies 

commonly opera ted oy a d r i l l i n g r ig or by hand witn tne aid. 

of a t r i pod and tuCKie are snown in F i g . " / . 4 . 

Ho'» 6oChfiH«4 
with pMddMd clay 

n 

i ;; 

I.: 

i: !' 

^-'5rvr^7r3c^--i; ! 

tfcter taou 

- W t i g n t 

O r i * 

a. 

n 

s 

t 
V 

t a n a 

F i g . 7 . 3 SIMPLE TOOL FOU DUIV-
INC WI-LI. POINTS TO 
ULI'TIISOI-- 15 TO 30 IT . 

(From "Well Construction", Water well manual, 1971) 
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/ 

; F l g : 7 . 4 iOKIVU-MLOCK A.S5I;.\IISI.IK*> 
I- OH D R I V I N G ->V li L L 
1'OINIS. 

,-<3?IC^>*; 

Fig . 7. 5 mis FOR JHT DRILLING. 
(From Fig. 17. U'crVy. Depart
ment of l l ic Army "I oi.liiuc:il 
Manual TM5-297. IV57.) 

(From "Well Cons t ruc t ion" , Water w e l l manual, 1971) 
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Whatever the nietod ot driving, a starting hole is 

first made by boring cr digging to a depth of aoout U.b m or 

more. As driving is generally easier in the saturated 

formation, the startiny hole should be made ueep enough to 

penetrate the water table if the latter is sufficiently 

shallow. The starting hoxe should be vertical and slightly 

larger in ammeter man the well point. Tne well point 

inserted into this hole and driven to the desired depth, 

1.b ni lengths of ris^c pipe Deing aacea as necessary. Pipe 

couplings should have recessed enus and tapered threads to 

provide stronger connections than oruinary plu»n£)ing 

couplings. The pipe ana coupling threads shoulu r>e coated 

With pipe thread compound to provide airtight joints. The 

well-point asseindiy snouia be guidea as vertically as 

possible and the driving tool, when suspended, should De 

hung directly over the center or the well. The weight of tne; 

driving tool may range iroui J5 to 140 Kg. Heavier tools 

reguire the use of a power noist or light ariiiiug rig. 

Driven wells can De installed only in unconsolidated 

formations relatively free of cobbles and Douiders. Hand 

driving can De unaertoKeu to deptns up to auou t TUB; adenine, 

driving can De acnieve depths of IS m and greater. 
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7.3 JfcTTltIG niTHOD 

The jetting uietnou ot well drilling uses tne rorce ol 

a high velocity stream or jet or fluid to cut a noie into 

the ground. the jet ot tiuid loosens tne subsurface 

materials ana transports tneio upwara and cut. of tne hole. 

The rate ol cutting can ue improved witn the use or a 

drilling Dit (Fig.V.bj wnicn can be rotated as well as moved 

in and up-a nd-uown cnopuinu iiiuiier. 

Simple equipment lot jet drilling method is shown in 

Pig.7.b. A tripod wade 01 50 luai galvanized iron pipe is used 

to suspend the galvanized iron drill pipe ana the Dit l/y 

means or (j-noox' (at the apex ot tne tripoa) , smgie-puiiy 

blocK. and manna Lcpe. A pump naving a capacity ot 

approximately 60U liters per minute at the pressure oi 14U; 

to 2UU Kg/cm^ (<-vj 2UU bar) used to torce the drilling iiuxd 

througn suitaole hose and a small swivel on through the 

drill pipe and bit. The fluid, on emerging from the drilled 

hole, travels in a narrow ditch to a settling pit where tne 

drilling materials (cuttings) settle out and then to a 

storage pit where it is again picxed up by the pump and 

recirculated. 

The spudding percussion action can ue iioparteu to tne 

Dit either by means or a hoist or oy workmen alternately 

pulling and guickiy releasing the iree end of the raanila 

rope on the other side of the blocK from the swivel. This 

may be done while otner woiKuien rotate the drill pipe. The 
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d.rill ing fluid may be and i s very often plain water. bepths1 

of the order ot 15 a< may ue acnievea in some tocaatioiis 

using water as d r i l l i n g f luiu without undue caving. When 

caving does occur, tnen a d r i l l i n g niua as hydraulic rotary 

d r i l l i n g should oe used. 

The j e t t i n g method i s pa r t i cu l a r ly successful in sandy 

formations. Under these condit ions a high ra te of: 

penetration i s achieved . Hard clays and boulders ao present 

prooieiiis. 

Fig.7.b Simple equipment for j e t d r i l l i n g 

(Proin "Weil cons t ruc t ion" , w^ter well manual, 1^71) 
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7 . 4 HYDRAULIC PERCUSSION 

The h y d r a u l i c p e r c u s s i o n m e t h o d u s e s a s i m i l a r s t r i n g 

of d r i l l p i p e t o t h a t 0 1 t u e j e t t i n g m e t h o d . T h e b i t i s a l s o 

s i m i l a r e x c e p t f o r t h e n a n cnecK v a l v e p l a c e d b e t w e e n t h e 

b i t and t h e l o w e r e n d of t h e a m i p i p e . W a t e r i s 

i n t r o d u c e d c o n t i n u o u s l y i n t o t h e b o r e h o l e o u t s i a e o r t h e 

d r i l l p i p e . A r e c i p r o c a t i n g , u p - a n d - u o w n m o t i o n a p p l i e a t o 

t h e d r i l l p i p e l o r c e s W a t e r w i t h s u s p e n a c a c u t t i n g s t n r o u - j n 

t h e chec* . v a i v e a n a i n t o t n e d r i l l p i p e on t h e down s t r o K e , 

t r a p p i n g i t a s t h e v a x v e c l o s e s on t n e up s t r o K e . C o n t i n u o u s 

r e c i p r o c a t i n g fiction p r o d u c e s a p u m p i n g a c t i o n , l i i t i n y t h e 

f l u i d a n a c u t t i n g s t o m e t o p o r t h e d r i l l p i p e w h e r e t h e y 

a r e d i s c n a r c j e a i n t o a . s e t t l i n g t a n x . . T h e c y c l e o t 

c i r c u l a t i o n i s t n e n c o m p l e t e . C a s i n g i s u s u a l l y u r i v t i i u s 

d r i l l i n g p r o c e e d s . 

The m e t n o a u s t s a minimum o f e q u i p m e n t aiiu p r o v i d e s 

a c c u r a t e s a m p l e s of r or n a t i o n s p e n e t r a t e d . I t i s w e l l s u i t e d 

f o r u s e i n c i a y una scxna r o r i n a t i o n s t n a t a r e r e l a t i v e l y t r e e 

of c o b b l e s o r b o u l d e r s . 

7 . 5 SLUmm_t\KTHVD 

Tne sludger aieti.ou is tne name given to a forerunner 

of the nydrauiic percussion method described in tne previous 

section. It is accomplished entirely with hand tools, oiaK.es 

use ot a locally avaiiaoie materials, such as oamboo tor 

http://oiaK.es
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scairoiainu, ana is particularly suited to use in 

inaccessible areas wuece laoour is plentitul and cheap. 

In the siudger jietnoc, as usea in Bangladesh, Inaia 

and Nepal, scarfoiaing is erected as shown in Flu.?./ and. 

7.y. Tubewells with a depth up to 50 m may be constructed 

using tins method uncle r suitable conditions. In tangiaaesh 

and Nepal, the sludger iiietnoa nas beun and continues to be 

extensively usea tor SIIIMIHJ numerous tubewells to tap tie 

abundant, shallow groundwater resources present in tnat 

deltaic country. 

r t j ' 7 7 BAMBOO SCAFFOLDING, 
6 * ' ' . ' PIVOT AND LEVER USED 

IN DRILLING BYTHE SLUD
GER METHOD. (From "Jet
ting S m a l l Tubewells By 
Hand," Water Supply and San
itation in Developing Coun
tries. AID-UNC/IPSED Item 
No. 15,June 1967.) 

To s t a r t t h e d r i l l i n g o p e r a t i o n , a h o l e o r a b o u t 0 .6 m 

d i a m e t e r and 0 . 5 m dw«p i s laaue i n t o whicn w a t e r i s p o u r e d . 

Some baniDoo s t a g i n g i s e r e c t e d aDov » t h e h o l e , A p i e c e or 

s t e e l p i p e i s p l a c e d v e r t i c a l l y in t n e s o i l , a n a a r i i l i n g i s 

c a r r i e d ou t by moving tne p i p e up ana uovn w i t h a ^ e r x i n g 

a c t i o n , f o r t i n s , a uajiuoo r a : t e r r a s t e n e u to tije p i p e and 
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supported irow tne staying is opecatea. At tne toot ol tne 

drill pipe, soil looseneu cy ttit water enters into the pipe 

allowing it to penetrate in tne ground. As the result or tne 

jerKing action 01 the anil pipe, the ioosenea soil ana 

water is pushed upwarus ana comes out through the top or the 

pipe. 

F i g . 7 . 8 MAN ON SCAFFOLDING 
RAISES HAND OFF PIPE 
ALLOWING DRILL FLUID 
AND CUTTINCS TO ESCAPE. 
(From "Jetting Small Tube-
wells By Hand,' Water Supply 
and Sanitation in Developing 
Cou n t ries, AID-UNC/IPSED 
Item No. 15. June. 1957.) 

Dur ing t h e w e n s i n m n y , one iaan s i t s on t h e t o p ot, 

t h e s t a g i n g anu t a * e s c a r e t h a t t n e p i p e i s d r i l l e d 

p e r r e c t i y v e r t i c a l l y . At each upwara s t r o K e , ne c l o s e s the . 

t o p o l t n e d r i l l p i p e or f wi th n i s hand whicn i n t r o d u c e s a. 

s u c t i o n a c t i o n . Th i s a s s i s t s t h e l o o s e n i n g o l t h e s o i l a t 

t h e p i p e oottoni «nd t n e f o r c i n g up of t h e d r i l l e d s o i l . Wore 

p i e c e s o t p i p e a r e added as t n e s t r i n g o1 d r i l l p i p e 

s e c t i o n s p e n e t r a t e s d e e p e r anu d e e p e r in t h e g r o u n d . 
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As ° x.he well sinning proceeds, soil samples are 

coliectea Irotu the mud flow coininy out at tne top ot the 

drill pipe. These are taken at eacn l.b m the drill pipe is 

sunK further, ana then examined. The arniiny operation is 

stopped when goou water-bearing formations are sufficiently 

penetrated. The wnoie lenytn or pipe is withdraw piece by 

piece taking care to Keep tiie drilled hole intact. 

Immediately after withdrawal or tne drill tubes, tne well 

casing consisting ol piastic pipes cciupxete with strainer 

sections is fitted an a lowered I U the nole up to tue 

determined aeptn. 

An indication or tne time anu labour reyuirecien ts tor 

sinxiny a tubeweu.1 usiny tne siuayer njetnou, may De ootained 

from an example concerniny a well sunK in ftapilbastu 

district of Lunibini zone (Nepal) to a deptn or about 2b id. 

The toilowiny aata art quoted : 

- Time leguiiecl for urilxiny cr tne well 12 hours. 

- Time required ror construction ot piattoriu i> hours. 

- Labour engayed tor urnliny wexl 

skilled ^ men. 

unskilled J men. 

- Labour enyayed tor construction ot piatfora 

sKiilea 1 man. 

unskilled 1 man . 
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VIII EVALUATION 

The neea is great in most of tfie developing countries 

for rural water supply programs to serve the despersed 

population now travelling long distance to gather water for 

questionable quality. htanapumps, in general, are most 

appropriate in such an environmental because tney offer 

lower per capita site development cost when compared to 

deep, drilled wells with motorized pumping and storage 

facilities serving the same number of people. On the other 

hand, deep, drilled wells usually cffer a higher level of 

quality water. timer approach requires an effective 

maintenance component to be successful; however, as with 

lower per capita site development costs, handpumps also 

offer lower operation ana maintenance costs uecause 

fulltime, daily caret.iKers are not necessary to activate 

pumping when storage containers need filling as with so&e 

piped systems. 

Present hanapump designs are leading to very nigh 

expenditures on repairs and maintenance, particularly 

transport C O S T S . In most developing countries, as well as 

causing and unacceptable hign proportion of water wells to 

be out of use at any given time. There is aiso a lacK of 

reliable data on the perioriaance of the different nandpuap 

designs. This data is required to facilitate selection from 

the array of available handpuiups. 
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One o£ the main oojectives ot the hanapuinps project is 

to develop villaije-ievei operation and maintenance (VLutt) 

handpuwps, wnich can De nanufacturing in the developing 

countries and repaired oy traineu village operators. Unlnce 

-the conventional pumps, tnese light, siuipie pumps shoula be 

repaired without incurring the delay and expense of 

employing heavily equipped, highly skilled mobile 

maintenance units. 

Within the tirst phase ot the projects, the world banK 

Contracted the Consumers' Association Testing <s Research 

iaboratries (CATR) to carry out a series or tests on 

handpuap with the exprience ot trie Overseas Develop3<ent 

Aaministra tion (QUA) testing prograwB-.e . Twelve brands of 

deep anu snailow-weil pumps were selected tor testing: Korat 

b(J8 A-1 (Thailand) ; oaiiaung (Indonesia); New no. b 

(Bangladesh) ; ibfrC £tiuopid type hi? (itniopia) ; All>/Ba tteile 

(Indonesia) ; Kwaiuoto Dragon No.2 (Japan); Hayno iv 2.6 

(USA) ; Briau Neptd (France) ; Atlas Copco Kenya (Kenya; ; lata 

AF-7b (Finland); Vereinigte Edelstanlwerxe (VfiW) A18 

(Austria) ; Jetmatic (Philippines) . 

The test program inciuaea detailed inspection of the 

pumps as received, including their pacKagxng, and 

engineering assessments witn suggestions tor design 

improvements and user trials. 

During the tield trials the monitoring teaai will 

operate district servicing crews, and regular inspections 

will be made or aii pumps to evaluate performance and 
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uaintenance requirements. The standard monitoring forms were 

designed to enable v.iiia comparisons to be maae of 

installation, operatimj performance, resistance to 

accidental damage or vandalism, oreaxdown rates, cases of. 

maintenance, and general acceptability ol the pump in tne 

community. 

At present countries where lieid trials are in. 

progress or under preparation aie Suaan, Kenya, Malawi, 

Tanzania, Ghana (2 trials) , India, Sri Lanjca (I trial) , hUC, 

Thailand, the Philippines, Papua New Guinea, and the 

Dominican Repuciic. The countries and projects were selected 

on the basis that they nave large-scale rural water supply 

programs and c'ouid have "a radiating effect" on their 

neiyhbors. 

Local manufacture ot the Alb handpump in the 

developing countries are technically and economically ; 

feasible as a viaoie alternative to expensive imports that 

require extended purchasing lead time ana drain national 

currency from locai circulation. 

Because ot the comprenensiveness ot Alb handpump 

programs, which include the local manufacture of pumps and \ 

spare parts and depend upon local technicians tor : 

installation and niaiiit-enance ot the pumps and sometimes 

users for monitoring them, the programs has met with varying ; 

degrees of success around the world. 

Experience around the world has shown that some \ 

initial failures were rooted in tne lack ot the capacity to 
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produce pumps of acceptaoie quality. In still other cases 

the pumps were improperly installed and maintained despite 

painstaking efforts on the part of outside experts working 

with officials and tecnnicians, and in still other cases the 

pump and/or their parts simply wore out from use and 

inadequate maintenance. The latter problems appear to be the 

most frequent because of the logistics require to maintain 

pumps once they are installed and the difficulty developing 

countries have in managing suet projects. Despite such 

set-bacKs, however, there is encouraging evidence that some 

countries are developing the capability to implement and 

maintain handpump programs. 

Under the ' Georgia Tec contract the AID handpump was 

manufactured and tiela tested in Nicaragua ana Costa Kica. 

After recommendation design changes, it was introduced in 

the Dominican Republic, Indonesia, the Philippines, Honduras 

and Sri LanKa. A handpump program is currently in progress 

in Ecuador and Haiti, ana what appears to be an unsuccessful 

program is currently being phased out in Tunisia. 

The International Development Research Centre (1DRC): 

has investad aoout CAS 7,JU,UuO in a net WOCK for 

water-supply projects in Asia and Africa over the last 6 

years to help develop more effective pump systems for rural 

water supplies. 

The technology developed and- tested by IDRC-supported 

researcn projects is applic^Die to rural situations ail over 

the world, not just to those few countries in Asia where 
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field testing was carried cut. The development of a nandpump 

utilizing inexpensive PVC components, which can be 

manufactured locally and simply enouqn to be maintained at 

the village level, is a giant step lorwara in the struggle. 

to provide adequate, clean, water supplies to the rural 

populations. 

The technology nas Dyen triea, and proven, but the, 
i 

question remains: how can the desire to utilize it and 

maintain it to be best transferred to those who need ittnost? 

When a handpump breaks aown ana regains out of service, the 

economic loss is considerable. The replacement parts and the 

possioiiity of vandalism ana aisappearanee of parts if the 

pump is out of o'peration for more than a tew days, result is 

consideraoie cost ana loss ot financial investment, not to 

mention the harasnip and inconvenience to those wno havt= to 

walk long distance to ootain water. one solution to this, 

problem is to focus efforts on tne development of locally 

fabricated hanapuaips that are inexpensive to manufacture and 

can be easily repaired at the village level with a minimum : 

amount of expertise. 

The Waterloo design, developed in iy?b, does just 

this. Tne piston and toot valve are produced from (J?VC), a' 

material that is reaany available in most developing 

countries. Their design is such that the piston and foot 

valve are interchangeable, i.e., the piston can be used as a 

foot valve ana vice versa. This greatly reduces the number 

of spare parts needed ror repair or replacement purpose. 
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Finally, tne design tases advantage or a PVC pipe as tne 

riser pipe and tne cylmuer section, tne place where tne 

piston sides up and aovn, is the riser pipe itseit. 

The technology developed and tested with support from 

the IDHC also clearly indicates tnat no universal aesign 

will function adequately under conditions witn. ail user 

groups. ' 

it is expected that tne projects will aaXe a 

significant contrioutiou to tne programs ior iov-cost water 

supply in developing countries and that the outcome ot tae 

project will be ot benerit to the aanulacturers and users. 
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IX. DISCUSSIONS AND RECOWnENDATlONS 

The selection, development, and use ol reliable . 

handpumps tnat can De locally produced and installea and 

maintained at a reasonable price xs a major step towards 

providing reliable, sale drinking water supplies to rural: 

communities in developing countries. Due to many technical: 

and economical factors, such as tne complexity or 

engine-driven pump and the nigh cost of fuel, manual pumps 

will continue to be usea in tne most parts of the world, not 

only for potaoie water JJUX also for domestic use, livestock, 

and irrigation. 

Handpump for snallow tuoewells are used tor drinking 

and irrigation purpose in Nepal at tne moment. The cost of 

tne shallow tuoewell is low, wnich amounts to nearly fts. 

2,00U in comparision to tnt cost of deep tubtweii wnicn is 

about Ks.b,000 at present lUSS 1 = 1t>.0 Nepalese Supee) . 

Altnougn tne discnarye ol a snallow tubeweil is much lower 

than that of deep well., the demand of shallow tubeweil is 

increasing aay by uay due to its low cost and easy 

management. 

However, a number of pumps will need to oe imported 

until local capability is established. The nandpurups tor; 

this scheme are intended to oe made locally. Negotiations to 

this end are in progress, to locate and arrange with 

interested manufacturers tne casting and machining of a 

handpump similar to the "bangxadesh New No. b hand puiup»v 
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since that has proven to be reliable ana meets the; 

requirements tor wnicn it was designed . Tnere is adequate 

local capability to produce these pumps; although the rate 

of production (souie 3*., Ovv units will De needed by lyyo) is 

limited, it couiu wen be expanded to include more of tnis 

type or tne MOSTI (Manually operated snanow tubeweil ±or, 

irrigation) which is essentially similar. This would not 

only expand proauction or pumps, making it more economic, 

but would enhance irrigation production capability. HfiG or 

Nepai, as lead agency m the negotiations, will ne in a good 

position to coordinate tne local mam .acture of handpuinps. 

It is noted that in the Bhabnar zone, wnere percussion 

drilling will be' needed tne unit cost per well will be some 

lis. 1o,u00 while in other areas wnere the siudger method ot 

sinxing wells is possible, the unit cost will be arout hs. 

2,000. These unit cost must affect tne choice ot the veil 

type to serve a particular couiu.unity. 

The isolated test coring, Knowledge ot existing 

tubewells and some intensive studies ot ri»G ot Nepal 

Ministry ot Panchayat and Local development. Department ot 

WaterSupply and sewerage and ether previous studies inaicate 

existence ot excellent and goou aquiler tor welis in the ' 

districts ot Sariani, unanusha, Jaleshawar and Kapilbastu. 

The static water level in the driest period, i.e., in 

the month ot april and may is an important factor for tor 

using shallow tubeweil lor driuKing and irrigation in any 

place. Except in some places of the western parts or Nepal 



in Kapiibastu districts, the water table fluctuates 3.f> m to 

5 m in the driest pence in the other districts. These 

areas are also suitaDie lor using shallow tubewell for 

drinKmo and irrigation . 

Before sinKing any shallow tuceweli, the pumping test 

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

will reduce the probability of failure and thereby extra 

cost involved in sinking an unsuccessful shallow tuoeweli. 

Osing available well logs, expected average ayuifer ana 

ground water conditions should oe determin ea. Prom this 

•expected well deptns and strainer distrioution can i>e 

determined. The cana samples snouiu bemarxed very carefully 

because the design or the tubewell is mainly based on these 

sand samples. It no «e±l logs or previous test data are 

avaxlaoie, then test tuneweil should be sunJi in an area 

where to sink a large n unmet of snaiiow tuoewelis. 

The result of this stuay have brought to light the 

fact that the nandpuiup technology, must first be testea 

under local conditions and modified according to the needs 

and opinions of the user group, environmental conditions, 

available material's, and level of expertise of tnose 

expected to adopt it an a maintain it. Without this testing, 

the technology cannot be expected to meets the needs of thei 

tarqet group ana will just probaoly tail. 

In further regards to handpuiaps it is recommended that-

additional funding aud etiorts De made available to 

expeditiously upgrade, repair and maintain the inoperable, 
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handpumps. I n s t a l l a t i o n s throughout the developing countries: 

t ha t o r ig ina l ly resul ted from tne d i f fe ren t agencies , ttauy 

of thxs s i t e s are in oniy a minor stage ot d i s r e p a i r , so the 

time ana e f for t to correct tne cause or malfunction should 

be s l i g h t . Other s i t e s w i n require major repa i r ot the well 

s t ruc tu re and replacement of tne handputnp. In any event , 

some system should fce touna that provides an effect ive, 

follow-up-maintain routine (even i t i t means Drmging ID' 

another loca l government agency) . 



: ^ ! « ^ 
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