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AE!SrRACT

This study investiqates th~ pattern 0 F rural water use,

the factors affecting rural water consumotion and appraises the
need fOr improvement in the present rur"l "later supply system

in Bangladesh and the impact of such improvement on rural water

use for the social and economic well-being of the rural community.

This study attempts to establish some design criteria

like "ppropriate location of tubewell "
51. "e, type of pump, plat-

form dimensions, allowable chemical contents in tubHwell water,
and the m"ximu," di stance of a tubewell from each household for

th~ future wat~r supply cons~ruction programmQ in rural

Bangladesh.

An attempt is also made :0 de~8rl~ine the optimum numb~r

of users per handpump tubewr,'ll consiriroring various physical,

social and '3conomieal factors, SO "that the optimum number 0 f

tubpwells for "n in2a can b" Ic>stimat"d from th e populat:ion
i

figures for that area.

Simple descriptive statistics were us~d to analyse the
data and to present the pattern of wat~r consumption and the

effects of various factors on water col18ction from tubewells.

The variables which were found to be significantly associated

wi th pEer capita rural watf-.r consumption from rural tubewells

were distance to the source, number 0 f people of the area under

its command, average household size, lOcution of the source,

platform dimensions, quality of water, prf;sence of other sources,

and SOCio-8conomic status of the users.

,
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Water collection from tub~wells before and after some

improvement to the 50urce werb compared .. ,n increased watf'r

collection was observed after some improvement and modification

in p13tform dimensions, arrang",ment of privacy of the source

and improvement of wat",r quality. It was '31so observed that

the volume of water collected from tubewells varies inversely

with distance of the household from the tubewell. The presence

of other convenient unprotected sources of app~rGntly accep-

tabl", quality reduce' the use of tub8well 'dater significantly

where th8 tubewell wat~r supply is associated with various

problems, In the abSl"nce of other nearby sourc:'s people will

usually col18ct tubEwell water not only for drinking, but for

other domestic purposes as well.
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I IHRllOU CT 101,

1.1 .?t;at'::m"ntof the Problem

with sanitation are recognized as basic health needs and essen-

tital components of primary health care. fiany of the diseases

affecting underserved population especially thB rural poor,could

be greatly reduced by meeting these basic health needsl• Further-

more watl3r is an essential element for other areas 0 f development.

It is universally acccpt~d that an ad8quBt8 supply of water for

drinking, personal hygiene Clnd othpr dom8stic purposes ,md an

adequate means of waste disposal ar'! ess8n~ial to public health

and well-being. Unfortunatt'ly, a qr3i3t numbc,r of peopl" living

in rural areas do not have access to e s8fe and convenient source

'1

of 2wa"ter • In 1970 the I;-JorldH"alth Organization surveyed 91

developing countries End found thAt only 14 pBrcent of th~ir

rural population has a reasonable BCC3SS to drinking water3

Reasonable access to w8ter in a rUral 3r"a, as defined by the

vJorld Health Organization, simply means that the housewife Or

members of a hOUsehold do not hav'3 to spend a disproportionAte

part of th" day in fetching the family's wat8r needs.

2Saunders and Warford have est;imated that in 1970, only

29 p"rcent of the population of 91 countries surveyed, were with

safe and accessible wat~r against an investment of U.S. t 1000

million. The United Nations for its S~cond Development Jecad~

(1971-80) h~s set its goal to supoly safe water for about 200

million persons. It is estimdted thAt "even if the United I"'ations
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developm8nt goals were iJchieved, th:-:!r:: still \rJOUld bp. mora rural

inhabitants without proper water sup;Jly in 1980,,2 According to

thcl '~orld Hcoillth Organizntion it was estimated th~t 13,000 babies

die each dilY as a result of the use of polluted water4 This

reflects the magnitude of the problem on a global scala and

connotes the need for massive resource alloc~tions required to
ameliorate it.

Asia has the largest rural population in the world and

the majority of people without safe wat"r supply also live in

the devaloping countries of I\sia. Tha ',Iorld Health Organization's

estimate of rural population of developing countries in South

East I\sia wi th adequate wat,"r in 1970 was only 5 percentS

The rhythm of water supply in rural Bangladesh oscillates

between tho two extremes of abundanca in the rainy season and

scarcity in the dry SG"son. \~ith th" high",st density of rural

popuLJtion in th" world, th2 country thus faces an acut" problem

not only in terms of sufficient watl~r suppliBs, but also in

terms of wat2r quality and dis8ases r~latad to sanitation6•

Since 1972, with Ui'JICEF's assistdnco, Bilngladesh has been

ongaged in a massive action progr3m to provid3 potable watar to

the 93 percent of its population residing in the rural areas,

but she is still fer behind the objectiv8 of providing potable

water to the whole rural population. The situation in Bangladesh

is not as acute as in Ocher developing countries of Asia, but

from the statistic31 records of B.'ln"lCldesh, it is found that

40 percunt of children, before reaching the ag8 of ten are
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partially disablud 2ither mentally or physically due to attacks

of various wat~"?r borne dis28S8S 2nd consequent malnutrition. It

is -,lso Dstimat8d th"t mors than 50 p()rcent of cases of morta-

lity among infants in Bangladesh ar2 due to diarrhoeal diseasas7•

A recent surveyB indicates that 21 percent of rural people use

unsafe surface water sources for all domestic purposes, even

when there are

wells existing

appreximatelyO.44

9the country now •

million public hand pump tube-

-- 1.2 Rationale of the Study

During the four months of the rainy season, wab,r is in

abundanC:3; but for three mon"ths of the Y8sr, thsre is a scarcity.

Settlement patterns have dictated through the centuries tradi-

tional wat'er use habits. Ponds, rivers, ditches, canals and

dug wells arc: all sources of watt?r for domestic use. The

absence of sanitary excreta-disposal and unhygienic practices

renders many of these sourc'?s dangerously contaminated. In the

past. 93 p,-,rcent of the population which lives in rural ar,eas

depends primarily on notu ral sources of water. To stop Cholera

epidemics in rural Bengal, together with other antiepidemic

me'lsures, the possibility of supplying pure drinking wat"r by

means of some ring wells and hand pump tubewells was first

consider~d in the mid-twenties and some tubewells were sunk

in 192B. In 1935 the District Board took the responsibility of

sinking tubewells. Th~ first r"al target was set at 1 tubewell

for 400 people in 194810• The standard of one tubewell for



4

every 400 people had been raised to one tubewell for every 200

people in the year 196] for the expected design population of

1970. Today after several years of sinking and resinking of

tubewells, there is one working tubewell for approximately

260 people. But still there are many localities with no tube-

wells. Three independent surveys carried out between 5eptffilber

1975 and December 1976, indicated that only 52 percent of the

ru ral people use tubewell water at least for drinking and 21

percent of the people use surfAce wat"r sources for all domestic

purposes including drinking, although 70-80 p,:rcEnt of the rural
8households were within 700 f~8t of a hand pump tubewell BIDS

conduct:ad a separate survey on domestic v,later use in four

different areas of the country and observed that a subtantial

quantity of water is used from surface sources for domestic

purposes, which is not desirable. rhe r~asons for this under

utilization of the prps~nt capacity are not clearly known.

It has been observed that the great~r the use of tubewell

water for all domestic purpos~s the less is the incidence of
]j)

diarrhoeal attack • To encourage people to use more tubewell

wat"r, onB needs to determine th" eff"Jct ,_'ndmagnitude 0 f

various economic, social and cultural factors on tubewell water

use quantitatively in order to plan Bnd dosign an effective

rural water supply sys~em for the future.

Presently two main distribution criteria are followed,

namely (i) to provide on(; tub8well for 150 p80ple; and (ii)

to install one tubewell within 250 yards of Every household
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in ar~as where therd is sufficient population to justify a

public welill Recently it has been suggested to provide one

12tubewell for every 75 people by 1985 . These targets are based

on little scientific study. There ar' about 68,000 small and

big villages throughout the country; settlement patterns are

not the same in all thes" plac.:s, 8nd conditions vary from

place to place. As such, population may not be the only basis

of distribution of tubewells.

InfOrmation is required on whether small and less costly

tubewells will be sufficient when few people use one tubewell.

During thb Unitbd fjations Water Conference in 1977 in

"rgentina, it has be"n decid'3d to provide everyone with safe

13drinking water ~nd sanitation by the year 1990 • In order to

reach this goal, it is esscmtial to makc a critical analysis

of the condition and problems of present water supply systems.

It is n~cdssary to determine th8 rf2asonS for non-usage of
tubewell wat13r for domGstic purposes i3nd what improvements

are n,?"ded; and further, how feasible they are for th" d"velop-

ment of some applicable general basic design criteria for the

future rural water supply programm~ in Bangladesh.

1.3 Objectives of the Study

The objectives of the study an" (il to E'stimatle th"

water r8quirements of rural peopl e in Bangladesh fo r domestic

uses (ii) to determine th,= consumption from tubewells against



total requir'"m"nts (iii) to assess the; dimensions of the

rural watBr supply problem in Bangladesh and to find out

effEctive measures to improve the wat~r supply situation.

(iv) to establish some basic d:=sign criteria likE, appropriate

tubewell site, platform dimension, water quality standard;

(v) to d"sign a suitable treatment unit to improve the water

quality to an acceptable limit for rural people; (vi) to

determine the optimum number of USdrs per w~ll considering

,various factors; and (vii) to detarmine the suitability of

1<0. 2 pump for the future watf,r supply programme.

6
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CHAPTER II

LITERMTURE ReVIEW

2.1 !,revious Studies

2.1.1 fundamental ApProach

Research on domestic water supply in developing countries

has be",n limited. In 1973, Richard J. frankel14 undertook an

evaluation study of community water 3upplies in northeast

Thailand. The study probed in~o the effectiveness of the water

supply systems and found many reCl50nS accounting for the in-

efficiency of these systems. S(]p~isticat8d 'systems war", built

neglecting local materials and villagers found them hard to

understand and operate. Mctuel wetgr US0 was found to be less

than hAlf the, design qUiJntity. /"\cceptonce of an elaborate

system requires a considerable change on the pert of 1;he indi-

vidual before he is in a position to weigh the values of what

h" is getting for th" change. This study provides a sound

justification to look for a user-approach by which people with

minimum external aid could plan and des;gn an improved water

supply systGm. Carruthers and iJrownl:, h;ove statBd that in

developing countries it is desirable to US" simple technology

and the scheme must not be complicated. Thanh16 suggested that

since the lovel of technical expErtise in rural areas is v8ry
low, all parts of a watpr supply system must be simple to

operate and maintain.

5 . "k k.17" h" d d "t2lnls aws 1 1n 18 stu y to atermlne rural wat~r

supply d":sign param'3ters for conditions in Tanzania, propos"d
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to divide the whole country into uniform water need zones,

where the patte'rn of potable wat",r demand is the same, for

greater variability of natural Rnd climatic conditions of

Tanzania. In ~ach zone he carried out s~par3te investigations
on a-:. least two of thE: pxistinq rural water supplies to estab-

1isM th8 main technical parameters. By technical parameters of
potable wat"r do:mand, the following findings ar.ce understood

from his work,l-)i":ean day water cJ'lmand per capita or p"r cattle

unit. 2) Co-"fficil'nt 0 f daily wat"r consumption fluctuation.

The UNICEF/WHO SGcr~tBriat has obs.rved that in planning

for water dt,jvelopment schemes, socia-cultural information is

lacking and investigations are rar •.~ly undt::rtal<en to p.nsure

that plans are both tc,chnically sound and socially justifiable.
16Thanh has pointed out that in planning end designing for

rural wat"r supply programmes, physical factors are oft"n OV3r-

emphasiz"d as in urban wat •..r supply programmes, where most

SOCiO-Aconomic factors cire neglected. In addition to physical

factors, an understanding of the associf,tion betwEt:"n socio-

eCOnom1c factors and wat9r us~ is very important to de~Rrmine

the dimensions of the rural water supply problem. According to

P - d - d 18 -'Raramas~vam an ~un prsan 'ur<31 water supplies in d~veloping

countri"s have to be technologically sound, economically viable,

environmentally compatible and socially acceptable". Chainarong19

has stated that the success or failure of community water supply

projects depf;nds 1;Jrg",ly upon th., socio-economic factors pre-

vailing in rural communities.
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Wagner and Lanoix20 have mentioned that one of the most

difficult and baffling problems in the planning' of a small water

supply system for a rural community is the lack of criteria

upon which an engineering design can be b8sed, For most rural

underdeveloped or"as of th" world, rBliable design guides have

not yet be~n established. They have sugg~st~d that a critical

analysis of the conditions "nd problems of the area under study

should be undertai:en to develop applicable: criteria, since

certain ,;lemE,nts of rural .Jater supply system design C're matters

of local decision, dep"nding on g~ogrephy, local economy, custom

and other factors.

2.1.2 V~ater R3Quirqrncnt and Foctors Affecting y'Jater Consumption'

There is little knowledge available of water consumption

levels in rUT'Sl ."Jreas 85 compi3red with urban areas. G8neralised

estimates of per capita water consumption for selected countries

, d b h' D 'd h' 21are summarl,ze y \I lte, aVl and~, lh: , For rural areas of

.Iest Bengal, India, they havl! estimated the per capita water

3 6 d 22 'd hconsumption as LJ- lJ litrF's per day. A hya mentlona t at

6-10 gallon per capita per day water consumption is g~nerally

consid'ered Bdequat" for the rur81 areas of lrjest Bengal, India.

h'd23 d h hKhurs 1 and others hav8 raporte t at t p average water

consumption in rural arda" of Pakistan was 48.1 liters per

d '" 24person per ay. l,aZlr 2n his study in Faisalabad district

of Pakistan found 8n av~rage wat~r consumption of 9 gallon

P'H capita per day, Household siz.e,number of villagers, level
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of education and number of sources of water were the most

important factors affecting water consumption in Faisalabad

district of Pakistan, Azime25 in a case study in one central

province of Thailand observed an average per capita consumption

of 41 litres, Factors affecting per capita water consumption

were household size, level of education and average household

income. The U,S. Joint Committee on Rural Sanitation26 quoted

a water collection of 10

pump tubawells. Feachem,

gallon per

127 .et a. ~n

capita per day from hand

their study on rural water

use and collect-ion in Lesotho have suggested a design figure

for the mean annual consumption of 30 lit res per capita per day.

During field investigation they interviewed the households and

observed their preferred sources from morning to evening. They

have proposed the installation of a tubewell closer to the

household than any nearby unprotected surface source to ensure

the use of tubewell water.

In Water demand studies and related factors, the United

States Agency for International Development28 classified the

factors related to community water demand into six categories,

namely economic conditions, natural environmental conditions,

social conditions of the community, quality of water services,

quality of water supplied and cost of water. Cholera Research

Laboratory29 Dacca, in a study at Taknaf observed a direct

relationship betwe~n the incidence of clinical shigellosis

cases and p£r capita water collection, The incidance of attack

rate was 50 percent less when per capita per day water consump-

tion increased to mOre than 7.9 gallons from less than 4.5 gallons •

. 4
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h• 30
rl 1te has stated that the volume of water used in the

tropical developing countries is chiefly iJ function of income

and material wealth. The highest income group have access to a

larger amount of sefe water. H!~ founrj that wat~r consumption

is higher in the casc. of a sourc':; si tuated clos(; to the house.
31 32

Teller and Lee fuund that the volume of water used by

people who carry it home, seE'ms to be 'Jssociated with the number

of people in the households in a v,Jriety of cultures. The larger

the hou3Phold size, the sm"lll'r tho p',r c"pita daily us''? une

of the rn;;ajor factors nff8cting the quantity of watr:'r used in f3

household is wh~ther the washing is dane ~t homE Or 33not. Warner
observed that a major portion of wate" dr'5wn frcm a stand pipe

ln Tanzanian village was used on the spot.

21
\1Jhite and others in ~h~ir study in Cf!st Africr'ln commu-

nities obs8rved that siz", 0 f the family, income level, level

of education, cultural heritage, charactC'r of water supply,

climate and terrain, the siz'-~ of carrying vGssel, distance

carri"d, age and sex-composition of tn" housfhold size are

factors influencing water use ln rural ar,,,as. Carruthers and
15

Brown h3ve suggestc'd the inclusion of th" consumption of both

man and c"ttle together in the decermination of a design figure.

They found that if people h~ve to w3lk more than a few hundred

metres, they are unlik8ly to c.,rry mOr') than 10-15 litres per

de 13 b ' h ' hay. ueyer 0 served the maln constraints still amperlng t e

provision of ad~quate wat~r supply and sanitation are the lack

of i3wnreness 0 f benefits ilnd consequently the lack of social

acceptance of the present systems.
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non-usage of tubewell water for bathing, observed that water

use from privately owned tubewells is greater since they are

close to the kitchen, wherp.as Govt. tubewells are generally

located at open public places and rural muslim women use such

tubewells mainly for collecting water for drinking, For reasons

of privacy they do not US8 tubewell watr,r for other us"s, The

Rural Studies Project Group35 in th",ir study of water use

patterns have mentionEd that the ~xisting spatial distribution

of tubewalls is generally poor and in favour of the richer

households. Improved accessibility ~s likely tC' lead to various

other uses.

Skoda, ~Iendis and Chia8 obSErved a slight ~ncrease in

tubewsll watr::r USl: with an increas.:.~ in socio-economic status.

According to their calculation 71,S percent of the rural

people of Bangladesh have floor area less than 350 square feet

and only 7,4 percent people have floor area over 700 sft, \vater

consumption from tub8wE'lls of the latter group of people is

slightly higher. J'he main reasons for non-u sage of tubewell

water as given by the villagers during interviews arE distance

of the tubewell, watEr quality, traditional habit etc,

2,1.3 Source Selection and Factors Determining the Choice
of Sourct

In the rur31 arf~as of dev:~loping countries, it is cheaper

to build for a short period of time and plan to make addition

as future need demands, becaus!'c no massive construction like
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elevated tanks is generally necessary and any alteration and

addition may be mode without any damag~ to the present sy~tem.

klanger and Lanuix20 found hand-dug wells vE-ry suitable for

ru ral an,as, ,-,here a supply of a few hundr",d gallons 0 f water

per hour is r'"quired end can be drawn from unconsolidated for-

mation through hand pumps or buckets. rhey hove also sugg"sted

that primary consideration should be giv8n to the protection

of the quality of the natural "ater, selected in the dl3sign of

a rural water supply system. For th,., above reason, according

to them, ground water sourc"s are b"ttar for rural water supplies.

Bangladesh is almost E;n"Cirely underlain by water-bearing forma-

tions, normally at depths varying from zero to fourty feet below

the ground surface. Ground water collection through hand pump

tubew'311s is simple in all respects37 In bacteriological tests

of all types of sourcr,s in Banglad-osh, tubew"ll water was found

satisfactory in 70 percent of cases,whar~as other sources like

ponds, riv8rs, ring-I-Jells etc. all w<ere fcund to be unsatis-

factory. M8ndis, Skoda and ChiaS pointe,d out that chances 0 f

contamination of tubewells can be eliminat,-d by taking appro-

pri<=lte measures.

To determine the factors affecting th" choice of source,

Feachem3S, in his studv in New Guinea in 1973, Lee32 in Calcutta

in 1969, rrankzl39 and Shouvanavirakul in 1973 in fhailand
34

observed that women, who collect most of domestic water, in

selecting their sourc" pick what thoy consider the best quality

for th"ir families. A user's criteria may be mor., likely to
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include "teste, temperaturf!, odour and appearancu than consi-

derations of bacteriological quality. ~atcr quality stendards

differ from communitj to community. Apparently villagers prefer

water which tastes good and looks clean, but they are usually

ignorant of the possibilities of contamination30, Water for

domestic purposes should br, frrce from organisms, from concentra-

tion of chgmical substances, from turbidity, colour and disa-
37greabl'] teste , The vlorld Health Organization has r"commended

International Standards of Watt'r Ouality40 for a safe and accep-

table wat8r supply. Th~sp targets are v,.ry sophisticated.

Because of divE.rs~: economic and social conditions, thes(:j stan-

dards could hardly be attained in all cases.

d' h' 3CAccor l.ng 1;oe, l.te , distance walked, and time spent

waiting in a queue seem to be important factors in the choice

of source in an area. 11; was found that the amount of water

carried from a stand-pipe does dpcrease slightly with distance

which possibly indicates the pr,esence of an alternative source,

Other considerations regarding choic'" of a source include tech-

nology,
I 'h' 30~.~11;8

need for a bucket and strong arm of pump handle etc.
38and Feachem observed that personal relationship also

influence the selection of source, if on the walk to get water

one might encounter undesirable people such as an irritable

landowner or rival group of pRople.

35rhe Rural Studies Project Group havf.'pointed out that

the actual choice of a source and the quantity of water used

by a particular household depends oov iou sly on the relative
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accessibility of the source. They found that use of tubewell

water is different in different places depending on the

presence of other competing traditional sources near households.

2.1.4 I'Jumber of Users per Tubewell.

Few reliable data are available regarding water consump-

tion when the SOurCE of supply is hand or motor-pumped well or

a public tap. There has, hO\-Jev"r, been great interest in the

determination in various areas of the maximum numb~~r of persons

who should be scrved by one well.or one ta~ centrally located.

This figure may be used to calculate the number of wells required

and to ss18ct the most convenient locations for these points in
. .t. L' 20 d 1 .a g1ven commun1 y. Wagner and an01x ma e persona commun1ca-

tion with ~ome investigators in different countries and found

that criteria used in different perts of the world vary widely.

Ruiz, from Colombia, recommended a figure between 20-50 persons

per well. Wood, in Nigeria recommended a figure of 500 persons

per well. Lia, from Taiwan reported that in his country, every

effort is made to limit the distance for water carrying to

3 30 f L . 20t. ~agnor and an01X found reasonable to provide a well

for a maximum population of 200 persons. DHV consulting

E. 41 h d h d' hI'ng1neers ave suggest" t at consi erat10n s ou d be g1ven

to the distance betwe~n households and well in addition to the

maximum number of people that can be satisfied through one

well to determine total number of tubewells required. On

determining the locations of wells, existing wells, quality
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of wat8r, absolut", and relative lack of wat"r, development

potential, per capita income and settlement pattern should be
considered.

, h' 30 h .'v l.te as pOl.nted out that rural conc8ntrated settle-

ments often have eccess to convenient supplies, but because

of the closeness of their neighbours and the larger number of

people using one source, their health risk may be fairly high.

Mendis42 in his study on bacteriological water quality

of tubewell waters in Bangladesh observ~d that the average

number of users per tubewell producing contaminated water was

340. On the other hand average numb'lr of users per tubewell
producing acceptable water was 239.

2.2 Conclusion.

The selected literature cited here gives on overview

of the research approaches in the area of domestic water

supply. In mOst of the studies on rural water supplies it

has been suggested to adopt simple technology. The importance

of socio-economic factors in rural wat~r supply is recognised,

but little work has be"n done tn understand the influence of

these factors quantitatively on rural wot~r consumption.

Per capita wat~r consumption under rural living conditions

of the developing countries has been found to be about 8-10

gallon per day. Factors that are known to be associated with
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water use 3re siz~ of the family, income level, level of educa-

tion, cultural heritage, climate and terrain, character of

water supply, location and accessibility of the source etc. The
studies also revealed that quantity of water available and

physical quality of water rather chan bacteriological water

quality d8termine the choice of source. Recommendations on

number of users per well vary widely between 20 and 500,



CHi<,-'hR-III

THE Flt:LD "TUDY

3.1 General

The study includes visits to concerned organizations,

rese~rch institutes and government departments of India,

Thailand and Banyladesh to study th~ existing situation,

selection of study areas, and extensive field survBY. rhis

chapter describes the preparation prior to the field work,the

survey questionnai re, th, choice of study ares, the method of

data collBction, thE samplin<] m,.,thod. the fi ~'ld survey, problems

encount~red in the fiEld and the method of data analysis,

3.2 Preparation Prior to the Field ~urv~y

Discussions Wf:'re held with teachers of environmental

engineering at lJUt:T, AIT, til IPH and HYGIE:"E and f'xperi8nced

staff of UI,ICEF, wHO, I"EiRI, DPHE, and available documents

on the study were collected from the above sources to gain

prelimin~ry ideas on the fi21d of study. It was decided to

conduct a trial survey (prior to the final field survey) in

two places, to collect basic information about the present

water supply system, and to prepare a suitable set of ques-

tionnaires and to find out th8 best method of data collection.

rhe proforma and questionnaire' which werB dC's1.'lned for the

field surv"y wer" found almost usp.l-ess during thp tri"l survey

in the field, A new proform8 and qupstionnaire were developed
on th" basis of field conditions.
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The proforma and qugstionnaire were translated from

English to Bengali. Ten Sub-Assistant Engineers and about

twenty five tubewell mechanics of the Department of Public

Health Engineering we=e engaged and several persons from the

locality were hired to help in various stages of the field
study.

3.3 Choice of Study Area

In consultation with concerned persons it was decided

to conduct the final field survey in differen~ areas of Jessore,

Kushtia and Khulna district where the author had good facilities

for conducting the work. All three districts are situated in

the western and south-western part of the country, but most

field conditions typical in Bangladesh exist in J~ssore,Kushtia

~nd Khulna ~r=vs. Thpre are lowlying areas in Khulna and

the eastern part of Kushtia where settlements are scattered.

Linear settlements along the levees of dead and dying rivers

are observed in Jessors. Clustered homesteads and densely

populated areas are observed in the elevatEd flat land in the

western part of Kushtia and Jassore. Th~ socio-economic status

of the rural p~ople of the areas is more or less comparable

with other parts of the country. There are s~line problem areas

in Khulna ~nd iron problem ar~~s in J2ssore and Kushtia.Sample
areas were selected from different Sub-Divisions.
3,4 ~ampling Method and Sample Size

To study the pffect of various factors on rural water
use and COllection, different villages were selected for
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different types of study, after conferring with Sub-Assistant

Engineers of the DepArtment of Public Health Engineering of

th,; area. Villages were selected to '3nsurc that all types of

supply ,,,,erepresent with diff2r.:nt types of fi,,,ldconditions

and problems. In each villag'3 a hdnd pump tubewell was chosen

arbitrarily, and ."me 10-15 house,holds using it, and living

at various distanc8S from it, were taken as the sample.

The field study was carried out in 27 areas of Jessore,

Kushtia and Khulna. A total of 409 households were interviewed

which covered about 3000 people. In order to get 'gpneral
information on villages and water use ch;3racteristics, one

respondent was interviewed from each of the 409 households.

To collect specific information on water use and collection

from tubewalls and other sourc'?s, 253 households were observed

for 703 household-dE1ys in diffe,rent "reas, composition of

samples has b~en presented in Table 3.1.

3.5 Method of Collecting Ddta

Data on water collection and use were obtained in two

ways. First, the preferred tubewell of the household was

observed between 5.00 A.I'i.dnd B.Oo P.I'I.for 2-3 days and a

reoord was kept of all water collection. The proform~ which

was used for data collection has been presented in Appendix A-2.

In some places other sources were also observed and use of

water by the household was rp.cordad. In C<:;SEsof water collec-

tion and use without any fixed container~to estimate volume,
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the number of strokes applied for collecting water was counted.

Containers used for wat"r collection were observed and the

number of times used was record3d. Th" capacity of the containers

was measured from time to time.

Secondly, the hous"hold was interviewEd in the evening

(and sometimes Bt noon) and information was obtained about

water use over the previous 24 hours. At this interview, data

w"re collected not only on the total volume used but on the

type of use, both within and outsid" the home, and on the

usa of sources other than the preferred source which' had

been observ,=d.

Data on general informntion with respect to the household

and on present rural wat~r supply facilities were obtained

through interviews with onG r"'spondent from each household.

Infarmation on wat-,'r coll",ction and use from private

tubewells was obtained with the help of a reliable family

member of th" household.

3.6 Survey Questionnaire

The survey questionnaire used in the interview of members

of households consists of two parts. The first part was concer-

ned with general infOrmation of th[J household and the second

part dealt with water USE characteristics of the household.

A sample of the questionnaire, is presented in Appendix-A-l.
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3.7 Field Survey

The field survey was conducted with ona guide from each

village. riB was r8sponsible for introducting each interviewer

to the respondent of the household. In most cas~s the housewife

was the rbspondent. The guide also help0d in identifying ths

water collectors during source observation.

Some assistants w"re given training on interview methods
and recording wat~r collection data. The author visited the

entire study area and an effort was made to guide and ch~ck

the work o( the field assistants everyday.

3.B Major Problems

The problems encountered in the field study are summarized
as follows:

Women were reluctant to present themselves before an
intervi~wer.

VillagErs did not allow observation of sources from a

very close distance, to maintain privacy.

Normal operation of tubewells and water collection were

slightly stilted becDuse of our pr~sence in the area.

Containers of different sizes were used in water

collection. It was difficult to 8stimat~ precisely the
quantity of water collected.

Observation of the source after sunset was not easy.
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Recording of all particulars on water us~ and collection

at thb peak demand p~riod was extr~mely difficult.

~ater collectors sometimes changad sources and it was

difficult to trace them.

3.9 !,Iethodof Data Analysis and Pres"nti]tion

Simple d8scrip~ive statistics were used to analyse the
data to present the pattern of rural water consumption. Total

water consumption of a 1'0usehold from a source was divided by

the household SiZE to obtain the per capita consumption. It

was observad th8t about one minuta is required to compl~te

the round trip travel distance of 200 feet, where the source

is locat"d 100 feet distant. It Was found more appropriate to

represent travel in terms of troval ~ime for th8 round trip,

rather than distance cov"red Fig. 4.19 represents the

voriation on wat~r coll~ction of households from tubewells

with distance to respective sample areas.
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CHAPTER-IV

FIELO OBSERVATIO;.JS, lJ"fA rll,I\LY:JISAI~D DISCUSSIONS

4.1 Settlement Patterns and Density Df PDpulatiDn:

In Bangladesh, settlement patterns vary widely from place

to place. The following are the majDr different settlement

patterns, Dbserved in the field:

(A) Scattered in the swampy depressiDn areas where the hDuses

are buil ton arti ficially rai sed lands, di spersed and

iSDlated in thick bush areas,

(8) Linear along the levees Df de"d and dying r1.vers or along

the main thorDughfares.

Ie) Nucleated and clustered with highly dense homesteads

Dn high flat land, Figure 4.1 represents the typical

settlement patterns Df the above types.

Density of populatiDn depends on settlement types in

habitable areas, Density of population Df sDme habitable rural

areas has baen presented in Table 4.1, which indicates that

density of pDpulatiDn varies widely, Maximum densities are

observed in the sample areas of Meherpur, Kushtia, where

people are mostly pODr labourers, E"ch family has Dnly one or

two rooms made Df clay and straw. HDuses are built on high

land. Two to three households share a common yard and each

househDld is very clDse to the adjacent hDusehDld.

Field DbservatiDn shDws that expansion of the present

habitable area is unlikely in the next 6 years. Therefore,

present population densities are likely tD increase.
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D~nsitv of Fopulation of some habitable rural arbas
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5ampl", District Typ" of Density of population
area in hab i tabl E' ruralsettlement

(persons/acre)area

25 Khu Ina 6.0548
23 Khulna 6.5340
13 JessorG A(13.D68 pursons/ 8.2328
7 J essore acra 8.7991
5 J 8ssor e 10.2801

11 J esso re 8.7120
26 Khu1na 13.0680

2 J eSSD re 14.0263
12 Jessor~ 14.0263
20 Kushtia

28.314) 8> 13.068 16.2478
9 Jessore p erso n s/ acr e 16.2478
10 J essore 17.0755
3 JEsSOrE:: 17.4240
1 Jessore 17.8596
4 Jessore 18.8179
16 Jessore 27 .4428

14 Jessore 31.5374
15 J essar e fi >28.314 persons/ 33.9768
19 Kushtia acre

42.1660
18 Kushtia 47.9160

Ref: Diffp.rent values of density of population have been
classi fied into three groups approximately on the
basis of scattered,linear and clustered settlement.

\ ,
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Tabl" 4.2 represents the d8nsi.~y of population of the

sample Breas of JessDre-Sadar Sub-Division only,where linear

settlement was observed in most of the area,

Assuming a design period of 6 years and an average 2,5

percent rate of population increase per year in the rural

areas and considering the source as a centre, estimated

distance-population curves fOr the year 1985 have been drawn

in Fig, 4,2 on the basis of average density of population of

the sample areas of Jessore Sadar Sub-division,

The curves in the Fig, 4,2 give an approximate idea of

the total number of people living at various distances from

a SOUrce for various average densities a f population, There-

fore the curves can be used in determining the total number of

people that can bB servBd by onp well, for a given maximum

distanc" of tubewc'll from households in different types of

settlement areas, For "xample, if we assume that people should

not have to travel more than 300' from their house to a tube-

well, then it is possible to calculate the theoretical minimum

number of tubewells to effect this in the Jessors Sadar Sub-

division, Each tubewell will, theoretically, serve an area

300' in radius surrounding the tubewcoll, rable 4,3 indicates

that tho') Jessore Sadar 5ub-Division would thu s require, to

serve a 1985 population of 1,640,OUO, some 10,838 tubewells,

This represents 1 tubewell for each 126 persons,



TA8LE-4.2

Density of Population in the Sample areas or
.~essore Sadar 3ub-divi sian
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Sample Density df ITypeof I Avera')e Averag e Ubserved
ar~a popul"tion settle- i den si ty density of area
no. persons/Clcre msnt , of popu- population No.,

lation in in 1985=Pf
I

1 1979 =P ( pers0'ls/' 0
f (persons/ acre) )l
l ac re)

13 8.232 i
I

I
7 B.799 I

A 9.005 10.443 4
5 10.200

11 8.712

2 14.026

12 14.026

9 16.247

16 17.075
8 16.496 19.130 7

3 17.424

1 17. 859

4 18.817

14 31.537
C I 32.7569 37.986 2

15 33.9768 I
!

j:..! P f assuming a 2.5',1. annual increase.
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TA8LE 4.3
Determination of tobl number of tubewells required (1985) for a given maximumdistance of 300' from

tubewell to households considering density of population and population figure of an area

13053

Total tubewell
requl red
( 1985
POPuytion

h'~9

iU35

4012

I~umber of lubewell s
in the area consi-
dering max. 300'

distance between T/It
and each household

g 3/
Total e9puln. .JL

• f x 100

f

67.784

124.17

f'jumoer OJ
person caul d
be served by
one tubewell2/---+--. -

e

300

300

rlaX~mum
di stance of
tubewell from
househo Ids
(in feet)

I I ..•..... I I _

. Percenr
Number of I abservatl on populnti on

area observed covered by covered by
the type of the type of11

+~~:ement settl ",ent-b d
b

• ~x 100• 7;:b x 100 2: a.•.c,.-
4 3IJ.77 16.583

7 53.95 53.264

2 15.38 30.151

areas of Jessore Sadar Sub-Div. according to 1974 census. 1,249,947. tstlmated population in 1985.1,249,947 x (1, .025) 11

l I j I 300 J 246.56 I 2006 --.J _
A I 10.443

B 19.130

C
L~86

1J From Tabl e 4.2

1J From Fi gure 4.2

l! Popul atlon in the rural
• 1,640,000 (approx.)

a

Average -densl ty I i 1l'.rr.""f i
Type of population
of In 1985

settl ement (persons/acre)

---+.-_V I -

!!J This represents"" average of 126 persons per tubewell in 1985.

w
w
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4.2 Average DDm~stic Vlat"r Requirement/CDnsumption

In the rural areas Df B"nglad'~sh w,~ter requirement is

affected by domestic consumption together with the consumption

by domestic animals. Domest;ic requirements of the rural people

means water requirement for drinking, oooking, \"ashing clothes

and utensils, batheing, sanitary purpoS8s, house cleaning and

polishing. Occasionally a substantial quantity of water is

used for the prep8ration Df rice From paddy. Water is also

used for kitchen gardening. Among domestic animals, cows and

goa~s are the most common. ~ reasonable quantity of wa~Rr is
required for their drinking and food preparation.

Water use and collection frDm public and private tube-

wells of 10 households at differp.no places were observed for

three CDnsecutive days. The tubew~lls were within the inner

cDmpound Or very closp tD the househDlds. Those households

used tubewell water fDr all domestic purposes. Households were

also intp.rviewed at noon and in the evening to gain informatiDn

abDut their water usage in the hDuse.

The total average daily cDllection Df households has

been divided by the population of the househDlds tD get the

daily average per capita water consumptiDn under rural living

conditiDns. Table 4.4 represents the per capita water cDnsumptiDn

under v3riDus sDciD-~cDnDmic and Dther Field conditiDns. An

average Df 10 gpcd cDnsumption may be cDnsidered normal under

rural living conditions. Flooe area, cDnstructiDn materials

Df th", hDuse. apprDximate rlDnthly incDme and DccupatiDn Df th8



TABLE 4.4

Per Cap1.U~er Colleclion by Socio-Eronomlc Status and Sanit.'YJ: Facilities

1 . • l'I 1:xl0 j' Business l Nus11m 1 PublicJ 1500 I Business I i'iusl im L:vate

l. C.

l.C.
1 Yes I 54.05 ; I, 1 13.51, : I I•• •j Yes I 105.03 I 9 I 11.67

I 10.29Average: I d
•• ••.•... I gpe

.•._•._. j

I /.pprox. Ifl oar Area I Roof Avorage Per capitaof all Wall avoraJe Occupation Total IJousehol d ro 11 eeti onSampl e roofed i:1iJ.de made of monthl y of the Religion T ubewell San I tary coll eetion size (gpcd)area duel 1Ings of
1/ income hausehead facil ity (gall on/ (Persons)

1/(sft ) (Taka) dav)~ .
(1:xl

•18 l llud Straw 4:xl labourer Nus11m Family pump No 31.3 5 6.26l
1 I

18 /3:xl ~Iud • straw 4:xl labourer Bus1 im Famil y pump No 38.2
,

6 6.37
• •

I
"- • l ,,

, Publ ic4 350- 700 • Nud j Straw 800 Farmer Hindu No 47.16 5 9.43•

I
,
•

4 350- 700 : Bri ck Tal i 1000 Farmer Ilusl im Private . tlo 68.18 7 9.74. I Farmer3 350- filO Mud Straw 1000 Hindu Pub11 c No 30.75 3 10.25-,
4 3:xl-700 Brick Tall 1:xl0 Farmer Hindu Publ i c No 107.78 10 10.78
4 350- 700 ilud fln 800 Servi ee Hindu Publi c j Yes 60.00 5 12.00I 1 Pub] i c

,, "lr:" .,..,,, , ...
Farmer Hindu • Yr>t:: 77.24 I 6 12.87, ,• 1 j

4 I 350-700 ; Brick i
8 L > 700 1 Bri ck 1

----~--- I I

Averoge domestic water requirement of 10 gpcd may be considered for design purpose
In tubewell water supply.

11 l.C. • Ume roncrete
Tall • local name for tiles

1/ gpcd • gall on (U. S.) per capita per day

t.l
U1
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head of the house have been taken as indicators of socio-

economic status. The field observation found that 70% of the

rural hous",holds have floor area l",ss than 350 sqft. dnd a house

made of mud. water consumption of this class of people is

comparatively less than the others. This may be becauS8 they

have fewer cloth2s to b", washed, less food to be cooked and a

smaller floor area to be cleaned. Average water consumption

of the people of the villages of !\mjhupi and 5enbill under

Meherpur sub-division is approximately 25 p~rcent less than

people of other observed ar8as. People of those plact'Js are

very poor labourers. They havt'J only one Or two small thached

houses. Water consumption for cooking, washing clothes and

utensils, and washing houses is comparati.vF-ly less than the

people of other area.The exact variation of water consumption

of various socio-economic cleasses of people is difficult to

measure, be-cause other factors also influence watE'r consumption.

It has been found th0t 86 percent of the rural people have only

primary education or none at all and only 4 percent hove more

than secondary education. The l"vel of education may have some

effect on wat~r consumption, but it is also difficult to

measure this under rural living conditions.

5anit~ry facilities increase the per capita watpr

consumption. Approximately 1 gallon additional water per capita

is required for hand flushing water s8al latrines.

Table 4.4 represent s that Hindu people use compar8tivt'ly

more "later than ~Iuslims for washing their kitchen and
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other room floor twice daily; once in ~he morning and once in

the evening, with vJ8ter and cowdung.

(a) Unp'rotected: - t-'ond And ditch,

- River and Stream, and

- Ring well or Dug-well.

- Hand pump tubewell (shallow, deep,

Deep-set pump, Family pump tubewellJ

water consumption varies with seasons of the year. During

hot days of summer morr, water is used for batheing. The data

in the Table 4.4 r£presents the water consumption during the

mon"h of April. A wat"r consumption survey was also conducted

during winter in some places to determine the variation of

water consumption with the season. Jater collection from tube-

wells also varies with the s~ason. About a 20 percent decrease

of water collection from tubew~lls was observed in between

summer and winter in sema pl~ces. Table 4~6 and 4.17 represents the

water consumption for various domestic purposes.

Per capita consumption varies inversely with household
size as r.'presented in Tabl.> 4.5. This is bec'3us,= some quantity

of water is always used for washing, cl.aaning and cookingjwhich
is ind~o=ndent of thE' number of family members.

4.3 Patterns of ~ural Water Supoly

4.3.1 Jypes of Sources USE'd

The "ype of water sources are identified as follows:

(b) Protected:



TABLE-4,5

fer Capita Water Consumption by Household Size

Sample Distance of Hou sehold size Per capitaarea the household (nQ. of members) consumptionfrom tube ,"IEll (gpcd)( ft)

3 375 7 7,28
400 4 10.00

9 200 10 1,24
20G 6 2,06

10 270 13 7,32
250 7 11,04

11 150 11 1.80
175 6 3,00

16 150 8 3.50
120 4 9,61
100 13 2,7018 92 7 3,92

23 263 5 4.3
237 2 8,0

23 315 9 3.78
300 5 5,00

25 430 9 1.65
430 4 2,99

26 455 16

I
5.10

520 8 10,20

38
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MVeraGe D8r capita per~ __water consumption for major domestic
.ill!rposes consid"ring 10 gallon per ciJ.£..ita per day total consumption

Purpose of u 58 U ni-: Quantity
in gallon

Rice preperation from paddy per 100 kg 20-25
Polishing floo r and ""all v,i th per IuD sft 2.0mud and Idater (f'luslim hous,-s) once Dr twice

per week

vi a stl the body of caw per cow/we"k 5.0
Cow ( us 8d in cultivation) per cow/day 5-7feeding

Cow(not used in cultivation) per cow/day 3-4feeding

Goat fe"ding per goat/day 0.5
VJashing leg s and hands aft er p~r per son per trip 0.5-1.00work ing in fidd

~'ashing pitcher ( Kal si) per pitcher per trip 0.3-0.5
Rice washing and cook ing per capita per day 0.8-1.00

(t:wice a day)

Others

2.0-3.0

20-3030-40

1.0

10

Cooking Bathing

1. 5

15

2.0

20

lJashino
Clo';hs IUtr,nsils

I
i
I

rMILE-4.7

5-7

0.5-[;.7

I.AULE-4.6

~'Jater consumption for S~~.l?__spBcific domestic purposes

In gallon

Percent of
total
roqui rem ent

'-'--'-~pose of I
-"'" use' Drinking

Quanti ty .•........•.......
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In all the sample areas, most OT the households have access

to both protected and unprotected sources, although th",

distanc es to the sources are different for diffErent households.

Table 4.8 shows the averagp distanC3 of the sources from the

households in diffprent sample areas. In Kushtia, the use of

ring wells to tap subsurface water is very common and its
average distancE from the households in comparison to othpr

sources is less, because people always ccnstruct rina wells

within their inner compounds. ~joreov t:'r, sinc~ it ~s cheaper

to construct, wherevcor it is feasibl", thert~ may be several

ring wells in a locality.

The pond is the main traditional source competing with g~

water collection through hand pump tubewells, which is seen in

almost all areas. Figure 4. 3 r'~presents the comulative relative

frequency distribution of travel tim" of the households to

pref8rrcd watsr sources, which indicates that average distance

of the hous\lholds from a pond is np.arly equal in comparison

with a handpump tubewell, On an aV0rage 40 p8rcpnt of thp rural

households, hove a tubewell within 200 ft; the figure in 1976

was 300 ft, 'iiithin the last 4 years, th,o total number of tube-

wells has increased by about 50 p8rcent, Only 20 percent of

the rural people have a tubewell within 100 ft of thpir houses.

The tim3 required togo and return from a source situated at

a 100 ft. travel distance is approximately 1 minute. Table 4.9

shows the types of sourct-'s used for van.ous domestic purposes,

which indicates that large quantity of water is collected from

ponds and other unprotected sourcp.s, ror washing clothes and



TABLE-4 • 8

.!...Y:E!_~~~.,av~'rag(?distanc~~ 0 f various sourcE::'S
from th,,_ho'!...sl-,holds (in --feet)

Sample AV1=rage distance of the so U rcE-:' from the,area housf~holds (in feet)
I"rotected Unp ro t:"ct 3d
Tub 8wpll Pond Ri V8r ! Ringwell--j---

25 296 330 - I -
26 378 62 - i -;

23 310 300 - -
20 161 340 - -,
18 178 482 500 78
17 265 - Over 1000 150
16 195 315 380 -
12 313 247 - -
7 175 279 Over 1000 142

13 258 190 - -
14 130 152 - I 101

I

4 205 - 300 I -
1 210 500 - I -

11 175 237 500 -
10 195 - 200 -

II 230 ,. I 110 'Hean I 278' r'1are !(in feet) I than 55tJI i
I

Foct note: Table 4.8 only repr]sI',nts typical information.
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TABLE 4.9

Water S!>.u.".~d by the Hausoho]dsj.!!l, percent) for VarJ2.!'.s._~••st'" Purposes

18

-'1--- . I I 1ia7liTn9 - -. Sanitary andSamplo S Chnklng; Cooking C1 th - Ut 11 Bathing For cattl e th ..••.
enson I 0 es ens s 0 or uUruoses~ I ......ilflc lather j Wl "O'ther • T/hl lather TlIt Other _ .:r~-l Other Ti.!:L......t-.Qlher TIfl o~_1 Dry r 100 : - • 67 33 45 1 55 85 15 2D 80 50 50 10 30

3 Ral'JL 1 100 : - j 50 50 12 88 80 2D 1 15 85 I 40 60 60 40
-;--'/ Ory' -r"ij'i--Y-' 3 . SO-- -'2"'".0 48 52 80 20••••• 38 62

1
; 54 46 72--za

Rainy •••• 92.~.L_ 5 10 ••39_. 20 £9.._ _ 75 25 j" 32 68 50 _~ L_ 40
12 lOry 100 L" - 100 - 100 35 65 12 88 •. 100 28 72

Rainr. •._ ._jQ.O. -~fo- •• .1..Q.O.-. • 102'__ 1- 10 -.29... -fio -29 . MOO'" 20 80•._
Ory 100'. 85 15 61 29 50 50 I 30 10 15 85 30 10

...: 3 Rain __ .12L_.t - -i. 90.-..19. 35 _ •.~.J35 65 23._ 77 I 10 _..Eg 25 7L-
I)-y 100, - 1 65 1 35 l ~ 10 I 55 45 =l+ 80 1 40 60 65 35

14 Rainy I 100 ! - , 40 I 60 12 1 88 40 l 60 15 85 J. 25 75: 60 40
-16 Ory-'r10o."-1 - I 90 1-1(i 15 lS5 85 15'" -10 -90-'190--'10'-100 ----:

Rainy ~ .12Q__ ' • 1 80 _2Q.. 8 E~ 80 20-.. _..2.__ 95 ,80 _.,20 95 5
I)-y t 95 5 90 10 40 60 65 35 15 85 21 79 50 50

---' ~~ny - ~; r~ ~..'--ir~ ~ ..s~_;~ 1; ~ 1~ ~ - •• ~._ ~ _ ~_
2D I Rat ny_....29 10 40 ~ 5 ..2..5 50 50 _20 80 • 100 35 65
-5 I I)-y 100 1 • i 10 90 15 85 25 75 15 85 10 90 15 80

:6 ~~ny._-t-;'-l'~ 1 ;~-l"-'~'}-+~ I ... ~~~.. ;~ I ~~-_.....;~. ~ _5 --"'1~~ ~~ 1 ;~
I ;;~~ny J 100 : - 1 10 j' 90 ii 95 5 95 - 100 _ 100 5 95

--~ -'98':7 1 1.3: 56 • '-44" 29 -----n- 55 l 1;5 20 SO 28' 72 48 : 52
fiean I Rainy .1.1].7 I 2.3 j 47 53 I 12B8 1;4 12. 13 87 23 77 41 I 59

Feat Note: The s~ple areas used In Table 4.9 are not fully compatable, slnca data for tha araas vare collected during different perIods.

""w

[-----
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utensils and for bathing purposes, unprotected surface water

sources aru preferable to rural consumers. But due to the
absence of sanitary disposal of excreta and non-hygienic

practices in th2 rural areas, most of the unprotected sources

are dangerously contaminatud, l>loreover, water levels fluctuate

widely with seasons of the year, During summBr, when these

SOurces in many places become almost dry, tubewell water use

incrf~ases. In the rainy st:'8S0n, surface water USF:' increases

again. Chemical trp.atment or sanitary protection of these

exuosed sources will involve a high cost and it is impracticable

in the rural areas. Ground wat""r collection through handpump

tub,-ewell is generally consid "red a saf,; and reliable supply of

water in rural areas as the chances of contamination are few.
£xcept the hilly areas of Chittagonq and ~ylhet and the western

part of Raj shahi disr.rict, the water table lies presently

within thO? suction limit of handpumps, In the above mentioned

plaCES and where the wat,:r table goes beyond the suction limit

of the normal hand pump, deep-set pumps are used, Deep-tubewells

are installed where sweet water is not available at a reasonable

depth. Tubew<.ll water is mainly used for drinking in almost all

these areas. Where tubewell water does not contain high concen-

trations of iron, it is a130 used for cooking, washin') utensils

and some times it is used for batheing and washino clothes,

Tubewell water usage decreases by 171, in the rainy season,

according to the interviews.

Table 4.10 represents the average per capita water

collection from tubewell both in dry and winter seasons as



TABLE ~.10

AV."!:}Geper ceol ta water call eetion from lubewell In dry and rainy season

l>-
UI

~1

2.0

20-30

~

Sanl tary and other

[}-v i Rain

13

20

Bathl ng

Orv I RaIF£"

nean co11eeti on from tubewell • 3.5~ gpcd

Washln.; ••••
••• '~Urel:.sl1..s..-
C:L .•[Ha;nv

55
• H l
J

12

'.811 ..ron-f.." I
l I j I I u. •
I 0.2~ I I 0.66 i I 0.39 I I 0.82
I I •.•• ---L----L-- -1--- .•...--

I
I

89

0.58

C1othes"'---n-._i!y..... Ralnv

• 0.~7
I .L._

3.07 gall on/capita/day

~.02 gallon/capita/day

~ ~.••~....... I ..

10 I 20 I 15
I 3O-~

._1••.•..•..•-~.•••• T.....-I.~.-~-, -
1.0 I 2.0 I 1.5 j 3.0

Ral ny

• 0 '.::..J..

0.5

5..7

[}-y

o.m I I 0.56

?J From Table ~.6 ]J Average domestic per capita per day consumption has been considered. 10 gallon
NOTE: )) From Tabl e ~.9

eJ • z:d .•..••••••.• I ._-••.•1'._.... •__•.-- , ..•..•._.•••••- .

Total per capi ta per day
coll eetlon from tubewell
(In gallon)

______•...••...•...-.....__ I

___ PU_~~::f ••U~: -'? [}-Inkln.~_ ..• {'.~=.....~
Season ....__ ..•......> [}-v Ralill' Crv ! Rain

-a)---- ...•--...... . • .

Present water colleetion 9B.7 1 1 56
from tubewell source in I I
percent for the purpose I : 97.7 I ; ~7

1/•__ '_ I i
b)
Avg. waler requirement for
the purpose In percent of
the daily per capita
requl rement 2/~--------~ ..---...-..----I••-----~
c)
Avg. water requirement for
the purpose In gallon per
capl ta per day })---_.~--
d) • ~
Amount a f water collected
from lubewe]l source for
the purpose In gallon
per capita per day-------... ....•..-
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obtained from interviews of the households. Meen p~r capita

coll~ction from tubewell is only 35~ of thp total daily

consumption. Tubewell water collection decreases by 23 percent

in the rainy season, which has b~Bn calculated from the

obs''Orvations, which is close to the 17,; noL'd from interviews.

Figure 4.4 indicates the 50 percent households have

tubewell water collection less than 3.3 gpcd. Observation of

water sources have shown a mean tub~well water collection of

3.9 gpcd, i.e 3°~ of the total daily consumption. Th0 balance

i;e 61~ of the total daily consumption is being coll?cted from

unprotected sources like ponds (Plate-l), rivers, ringwells, etc.

4.3.2 Types of Collection System

In rural areas of Bangladesh about 90 pc'rcent 0 f the

ground water is being lift8d by handpump tubcwells. Depending

on thH depth, handpump tubewells Br" classified as shallow or

deep tubew811s. r~ormally hand pump tubewells are 17 inch dia.

and they are fitted with a "~0.6 handpump" at the top. Recently

somu 1" dia. vury shallow tubewells have been installed on an

experimental basis in some selpct~d places, which arg fitted

with a "f~0.2 hand pump" (Plate-2). This type of tubewell is

known as"Family pump" tub"well. Some of the salient featur,,,s

of these pumps arE briefly tabulated in Appendix-B. Both types

of pumps are able to pump wat~r from ground watbr source where

the water table is within about 25' of the seat valve of the

pump. Two separate designs of tho. No. 6 hand pumps are available;
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Plate-l Water consumption from unprotected pond.
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the local type known as the "Maya No.6" and the UNICEF type.

The latter has been developed by the UNICEF local office.

Yield capacities of the pumps are different. Other major

factors which affect the yield of a pump are condition of the

pump and type of operation •.Table 4.11 represents the average

yield of ehe pumps excluding average loss and waste in collec-

tion. Loss and waste is high in Family pump tubewplls. This

loss can be minimised if the distance between the spout of the

pump and container is reduced. Table 4.12 shows the various

types of containers (Plate-J) used for the collection of water

in th8 sample areas. Cienerally, medium or a small pitchers and

buckets are used to fetch water when water is brought to the

house. Households living clos" to a source make morE' journeys
and collect less volume of water per trip than the households

living some distance away from source. Average volume of water

collection per trip lies between 2.00-2,50 gallon. Figure 4.5

represent s the effect 0 f travel time to sourca 0 n volum e 0 f

water collected per journey.

The cost of installation of a Family pump tubewell is

less than the traditional handpump tubewell, but referring to

Table 4.11, the averagE yield capacity under medium operating

conditions is nearly the same. The total cost of construction

of a Family pump tubewell is lower for two reasons - low cost

of materials and low installation cost. However, a No.6 pump

is about thr8~ times. heavier and thus mor~ robuit ~hah a No.2

pump. In Fnmily pump tub 'wells 1 inch dia. pipes ar" used in

place of It inch dia. pipe. Cost of installation of a Family

pump tubewell is about half ........• ,,....



TABLE 4.11

~aqe Capacl ty oU/E.6 and. No.2 Pumo
50

PumnNumber - .- .
tlo. 6 No.2- --. ..

Type of Pump LOCAl.(Naya Type) UNICEF Experimental 11- ~--- J.B.."!!SJ adesh flew No.6) He';";Type of Operatlon Heavy I'd" Slow Heavy lledl urn Slow Nedlurn Slowthrust ,e 1urn thrust thrust...- •...•..•..•.•...••
Average strokes/ 15-18 25 20 15-18 25 20 50 55 40minute
Average yl el d

•.....•.-... ...•.•.
0~4~y

- ..--- ......

..G1all o~,'/stroke 0.31 0.13 0.06 0.16 0.08 0.07 0.06 0.03

Average yi el d 4.:x:l:-" ..
3.5 1 .5

6.D-""""'
4.0 1.5 3.5 3.0 1.0(nall on1iml n. 5.50 7.50•......•

1/ This was designed In Bangladesh, and 's a modified, scaloel-do,n, version of the Ilaya-type pump.
~ The theoretical "swept volume" at a full 8t" stroke "Ill yield 0.35 US gallons. It Is assumed

that the energy imparted during a heavy thrust will create r,lOmontumsufficIent to allow flow to
centlnue after the stroke Is comp]etc.

TABLE 4.12

Contal ners used by 100 households for the CD11eeti on of water

::Jxpe of centalner PI tchor KalsfT Buck.t 1.B.aJ1.! Others
Size of container BIn ~.!!.edium Slnall BIn l1edlum '~all -

Average capacl ty of 3.6-'--~ 2.7"_ 1.5- 1.5 1.0 Badna - 0.25
centalners (gallon) 3.0 2.0 1.0 - Jug - 0.50

'Percent of water
.

celleetlons made 11 34 24 0 7 8 20



Plate-3

Plate - 2 various type of pumps

Major containers used for water collection
from tub ewell.

Sl
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that of a traditional tub~well. The maintenance cost of a

Family pump tubewe11 is also less because spares are less

costly. Only a few buckets have been replaced in the Family

pump tubewells of Amzhupi, (Vleherpur in the first year after

installation, the costs of which ar', less than taka 20/- per

tubewell. Although the tube-wells have been installed for one

family, in mOst of the plflces 5-15 households usc one well.

,-igure 4.6 shows that the maintenance cOst of a tub"well

varies directly with numb?r of users. The maintenance cost of

a traditional hand pump tubewell is about taka 45/- per flnnum

wllere approximately 160 people use the tubewell. Maintenance

COsts ar'; optimum for approximately 60 users for a ,"umber 6

tYP<j well •

•, rough estimate from the above indicates that the cOst

of construction and mflintenance of a Family pump tubewell does

not 8xcead 50~ of that of a traditional hand pump tubewell.

However, where a "Number 6" tubew~ll will serve possibly 150

peopl"" a ","umber 2" tubewell will only serve 20-30 adequately.

This makes the per cDpita cost of th" "r~umber 2" somewhat

higher than th", "r~umber 6".

4.4 Fflctors AfFecting Rural ~JDter US"" HDbits

It has already been obs~rved that the major portion of

water for various domestic purpOses is being collected from

unprotected sources. In all sampl" areas households were

interviewed to findout the reasons for nOn-usage of tubewell

water. The main r"asons fire id8ntified as follows:
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U",scription TYP8 of problem

- Sufficient qu anti ty of wiJt']r is
available from su rfact? sources (lS:b)

Tradi tional hab it
- Feel comfort in taking bath and
washing cloths in pond and river( 9 'i:;)

- Tub "well is too far away ( 29i;) Distance of the- Ringwdl or pond or rl v er is cIa S8r source
to the house (49)0)

- ~Iore tim 8 is requi red in fe':chi ng
water from a tub e.l",ll pArticularly Time sp ent in
for bathing and washing collecting water
\/ashing and bathing not possible and its US~-
at peak demand period ( 37%)

-

- TubewC':ll watE,r tastes bAd and has a
clou dy appearance ( 36%)

- Co.Jk"d food and clothes become
coloured ( 29 ,b) 'Iia teor qUi31i ty

- Take mor~ time in boiling ri ce
and dal ( 2H)

- Hai r bl"~com8S sticky ( 5B~,)

- Taki ng bath and weshing clo th s on Washing and bathing
small pI at form is difficult (40;S) facility at T/WL si

- Tubewell si te becomes floo d ",d and
contaminated by waste water ( 1%)

- Tubt,well is situGt~d in an exposed
place; more tim (, can not bB spent Privacy of the
for washing and bathing by the tub ewell site
women for lack of p ri vacy (60%)

Ruri31 people have; an id"a that tubewells are not for

all purposes. The fear of dAmi3ge to the pump through over use

pr,~vents them from using tubew,olls for all purpose. Sometimes

caretakers do not permit others to use tubewell wat8r for

purposes other than drinking.
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4.4.1 TraditiDnal rlabit end Lack Df Awareness abDut the
"Eauses of dater Borne Diseas~s

Traditional habits pass0d dDwn through thE og8s lead

rural peDple tD Use unprotectad watclr from pDnds,ditches,

rivers etc., particularly fDr ba1:hing and washing clDthes.

MDst peDple during interviclws replied that they get personal

satisfactiDn in submerging themselves in rivers Dr pDnd water

fDr bathing. SDme havtc the idea that tubewell wotpr is mainly

fDr drinking and not for all purpDS8S.

ri",ld observation indicates th'3t mDst, if not all, use

tubewell water at least fDr drinking. i\t present they have

an idea that if they use unprD t"lcted w;,tsr from ponds and

rivers for drinking, they may be attacked by gp-rms of cholera

or diarrhoea.

However, they are totally ignorant about the dangers

resulting frDm the use Df unprotect'3d water for other domestic

purposes. A lack of health education is responsible fDr this.

A centuries old traditional habit cannot be changed

rapidly. Better facilities such as a tubewell water supply

should be prDvided tD encourage them tD using tubewell water.

In additiDn, an extensive general education programme is

needed. People shDuld be motivated through health education

activities. A IDng term appropriate prDgramme should be planned.
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4.4.2 Time Reguired in fetching ~ater from the Source (T/WL)

.Iater consumption from a source varies with the time of

day. A peak demand period b8twe~n 7.00 and 10.00 A.M. is

observed in mast places. figure 4.7 represents that on an

average, 14 percent of the total wat=r collection journies are

made betwe',n 7.00 A.I'l and 8 A.i~. It can be also seen from

Figura 4.8 that 50 pprcent of daily total collection journies

are made within the first five hours. Since at peak demand

period, comparatively mare people ett",nd iJ tubewell wi thin

a short int"rval of time (Plat",-4), it takes several minutes

to fetch water from tubewell. In one place 19 collection

journeys were made within 8 minutes and some water collectors

waited 10-15 minutes at tubewell sib,. The maximum time

required to fetch water from tubewell at peak demand period

depends on, h"w many usprs there ar" to the tubewell. Table 4.14
represents th.,variation of waiting times.

Long delays at tubpwell site naturally discourage a

water collector, who often prefers to use nearby unprotected
sources instt!Qd.

Fi21d observation indicates that households living close

to a tubewell use it more frequently but collect less water

per trip than households living some dist.3nce from the tubswell.

Variations in numbtrs of coll~:ction journies and volume of water

collected against distance have been presented in fig. 4.9 and

Column (e) of Table 4.13, which indicates that th" prr capita

daily collection decreases with distance of household from
tubewell.
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FI'g.4.8 Cumulative Relative Frequency Distribution of Collection Journeys Made with
Time of the day -

TIME OF COLLECTION (HOUR)
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TAIllE 4.13

Effecl of travel time to source on per capita colleclion, volumo and on
total tIme of coll ecllon

.,..
(I J_ tiJ (kJ( hJ

TImo spent Total TIme spentIn washIng time Tota] time In percentand p] acing spent spent per of thethe container per househol d avail abl eper tIme trip. per day workIng day
(mIn) y f.g.h • 1 x b

2/(mIn) (oln).
0.66 1.66 46.48 5.16%

0.66 2.29 43.51 4.83%

0.66 3.78 41.58 4.62%

0.66 4.85 38.80 4.31%

0.66 5.85 23.40 2.60%

j 0.66 6.75 13.~ 1.~%

-
0.680

0.688

0.688

0.6~

0.625

O.~

g
TIme required
to fill the
container with
water (in c)
per trip
(ml n) })

fbi 1r.1 I rdr- -~ "-rwaJ I ,
e

Tot al Average Average01 stance Average l Average volume of per cap I ta round tripof the number of vol ume of water coll ecllon travel tl mehousehol d coll ection water coll ectlon per day to sourcefrom journlos coll ected per house- (gall on) (mIn)tubewell per hous<>- per trip hold per day
11 ]j(feet) h01.~!da ( all on J all on) ..•..•--....-

0-100 28 2.00 56 8.00 0.5
100-200 19 2.~ 47.50 I 6.79 1.5
200-3)0 11 2.60 28.60 4.07 2.5
3)0-400 8 2.75 22.00 3.14 3 ,-.0

400-~0 4 2.75 11.00
I 1.57 4.5

~0-600 l 2 1 2.70
5.40•••J 0.78 I 5.5_-I I l I

jJ Consi dering average househol d size. 7 ']j Round trIp travel time for a travel di stonee of lOa' I s approximately. 1 min.Y Consl dering average yl el d from a TIht • 4 gall Imln.
41 About 40 second Is requIred te wash and placing the container at Tff!. site.
~ Avail ab] e ""rklng day is from 5.00 a.m. to 8.00 p.m •• 15 hours

~
N



to SO, say.

than half of the above figure.

As preslented in Appendix-C-l, if people collect their

To avoid any long delay at th~ tubcwell site for f~tching

working day,

collecting water is only a fraction of the daily available

clOse to the tubew"ll (Pldte-5). Th" total time spent in

Table 4.13 also indicat~s that total time spent in

hous2hold living some distance away from a tubewell makes

collecting wat~r from a tub~well p~r day per household living

within 400' from a tubawell does not vary significantly. A

time in round trip travel to source than the households living

fewer collection journeys, collects less water but sP,mds mOre

63

entire domestic requirement of water, 10 gpcd, from a tubewell,

then only to collect 2.5 gallons of water per trip, approximate-

ly 1.30 minutes will be required at th" tubewell site. Under

such conditions 160 people cannot be satisfied by one tubewell.

Moreover since people never visit a tubewell regularly through-

in f,,,tching water ,.,v"n if the number of users is kept limited

out the peak demand hour, they will have to wait for some time

water, users per tubewell may be kept limited to half or less

J
\-1

'",
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Water collectors from long and short distances
to a tub ewell,

Heavy rush at tubewell site Qt peak demand hour,
Plate-4

Plate-5



TABLE 4,14

4,4,3 ~at8r Quality

65

15 - 20

than 5 minutes

Average maximum delay at
tubewell site (in minutes)

I',umber 0 f use=s 0 f a tubewell

Eff?ct Gf Dumb"r.of users on maximum delay at tubewell
sita at peak Demand period .X~L..one trip

The table above repr':sents the present fi,<ld conditions,

About 40 households (280 persons)j

-----::- -~-.- ---- ::'-.:~._-;1=========:=0==~==:0=5========--
10" ( 70 " ) I Le s s

,

rh", physical quality of water plays an important role in

the selection of source and water use from it in rural areas,

Bacteriological quality carries little importance to the rural

people, since they prefHr water which tast,es good and ~s odour-

less, and which dOes not change the colour of food Or stains

clothes.

I ron and chloride content in ground \1atr,r collected

through hand pump tubewells in Bangladesh is generally high and

in some places the conc~ntration is at a much higher Ipvel than

the limit acceptable to the rural people, People of those

areas g"nerally refuse to US" tubewell wat8r and opt, for pond

and river waters.
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Detail S1:udies on watf,r use patto-rns were carri ed out

in some iron and chloride problem ar"as of J"ssorE:, Kushtia

and Khulna districts. In one iron problem area of Jessor", one

hundr~d households w~re interviewed about their watpr US"

habits. rhen, .JeT", 8 public and 2 private tubewells, 3 ponds

and one ring well in the ar'oa. In addition, the riv'.<r "Bhairab"

runs very clOse to that plac~. The av~ragE iron content in

tubewell water was 6 mg/l and 77% of the total households

surv"yed had a tubewell within 700 ft. j"lost of the people of

that locality were farmers Or labourers. The watEr use habits

of the people of the locality have bef.n presented in Table 4.15,

which indicates that oth"r than for drinking, pond and river

water uses are promin';nt in iron problem areas.

In one saline problem ar~a of Khulna tw~nty households

around thre2 tubewells were int8rviewed about their wat~r use,

which have been presented in Tabl" .1.17. Chlorid., contents of

the tubewell watr=r were 818 mg/l, 1900 mg/l and 2300 mg/l

respectively. Th2re are about 10 ponds and ditchES in the

locality. The first tub "well is a d""p tubewell and all people

of th~ locality USE its water at least for drinking. People

from over 3000' distance come to the tubew811 for collecting

water. Per capita water collection by the households from the

tubewell have been presented in Figure 4.10. \,at"r collection

from the other two tubewells is very low. Only fOur households

living very clos" to th~ tubewell Use its water for some

sani tary pu rpo ses.
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TABLE: 4.15

ii-atar sources used by the. house holds (p",r cEnt) for var~ous
domestic purposes in an iron problem area

.. -_ . .- -vJatE'r use Seasons Tub e- Ring_ Pond Ri v er Rainwell well water
Drink ing Dry 99.5 D,S - - ---_.__ .._-- -_. --

Rainy 99.5 D,S - - -
Cook ing Dry 8. 1 22 69 -Rainy 8 1 23 68 -
washing clothes Dry 4 2 20 76 -

Rainy 3 1 23 73 1
\vashing Utensils Dry 19 1 19 62 -

Rainy 18 1 20 62 -
for cattl", Dry 4 2 22 80 -

Rainy 4 2 22 80 -
Sani ta ry Dry 17 , 1 20 65 -pu rpo ses

Rainy 17 ! 1 20 65 -I

If\lJLE-4.1t?.
B.",a.so.!l2...(oercant.Lfor non-us,'O" of tubewell wat",r

in an iron problem area

Aesth",tic I Stains Odour Teste t
Causes( col ou r) clothes
constipationj and utensils

90 I 68 28 38 1j
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\lat8r Sources us[d bv th., hous,~holds (in Percent) fOr
various domest~.LEurposL's in sr'31ine....F-!EblerT)-..£f~~

, ----- _. ,
Sou reB Drink ing Cook inq Laundry I 1Vashing Bathing Sanitaryi ,

utensils and o th e- --
Tub,,- 100 16.6 5,5 5, 5 0 5. 5well

.• -- - . -- -~. . - - ----". -_.-
_._- --_._ ...~ -- . .._- - .._-

Other 0 83,4 94.5 94,S 100 94,S

During the interview of hous8holds, p80ple IOxpressed

th"ir opinion about thE; .causes of the non-usagE of tubewell

water in iron and chloride problem arc;as, The reasons mentioned

by the people of iron problem aroas are pres~nted in Table 4,16,

The main reason for non-usage of chloride content water

is its bitterness in taste.

In different iron and saline problem areas of J"'ssore,

Khulna "Jnd Kushtia, some households were interviewed about

their general opinion on overall water quality. Their opinion

has been plotted in Fig. 4,11 and ,1.12, against the chemical

content of the tubewell water they use, It is observed that

rural people Use hanupump tubewell water having an iron con.ent

less than 2 mg/l and chloride content less than 400 mg/l without

raising any specific objection and they consider such water as

goo d,

In addition to the interview of the households, four

tubewells at differl"nt sites ,.,hich yield water with iron

concentrations of about B mg/l wer'J observed between 5.30 A.r~.

r
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and 7.3lJ PJI. The rate of water collection from th" four tube-,
wells ~t two places has be5n ploeted ~gainst distances in

rig. 4.14. The curve indicates that -:he maximum average per

capit~ p8r day collection from the four tubewells in iron

problem areas was only 2.5. gallon as against an av~rage of

10 gallon per capita per doy consumption under normal rural

living condition.

In order to determine the effect of improved water

quality on water collection; somB Community Type I ron Removal

~lants have been designed and constructed at two tubewell sites,

(Plate 6 and 7), out of the four previously obsC'rved tubewells

which originally yielded water with iron concentration of

around 8.00 mg/l.

The detail design of the iron r"moval plane has b"en

shown in Fig. 4.13 and the P8rformance of the plant has been

pr8sented in Table 4.18 and 4.19.

The plants shown in Figur" 4.13 consists of four units-

aeration channel, sedimentation, adsorption and filtration

chambers. The aeration chann",l (A) is m"da 4" PVC pipe partially

filled with brick chips (called khoa locally) and is slotted

ilt its upper side. Wat",r disch"rg'o through the mouth of the

tubewell passes ov c'r the khoa becoming partially aerated, and

than drips in the sedimentation chamber (8). In the sedimen_

t3tion chamb6r water falls on the charcoal bed at the top,

which provides further aeration. :iome portion of preciptated

iron flocculant settles at the bottom of the sedimentation
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Iron remov81 plant NO.1.

-- ---

I ron removal pl"nt Iva. 2,Plate-7
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~.
,In) from Average length..~ 1ncrease of
meval pl ant in w"tor run

cell ec- beh,een~.
FIn"l tlen cl enning... <. (aocd) (davs)
2.5 1 .61 20<.

1.5 2.25 15
I

3.5

Inl tl ,,1

Yield (galls/m

r Iron ;::

5

5

Tube"ell

1.4

0.4

TABLE 4.19

2.0

0.6

nuous
urn In

R,,"
ater

TABLE 4.1B

l"boratcrv ""alysls of ""ter.pamples In Plant No.2
•• --.. (with IntermiTtent pumping)

7.6

7.6

-

fu!..L"1'.aJysl s of lI"ter samplos and p.c.r:.form"nces of Iron rCP2.~.a.I!.!.

I Plont
1-"Sample no.

area with
fi Her "materl al s ~.

7 1
-- khoa onlv -..

2
12 sood

gravel
khoa.

NOTE: The Dissolved Oxygen (00) level Is lower in the treated water because of dlosolved CO
2
being driven off.

This has the effect ef allolling Ferrous Iron In solution to precipitate with the help of 00 and absorbed
oxygen In the process •. See Ahmed, F"rooque and A~"ed, Feroze, "Iron Probl ems In Rural Water Supply In
8oogladesh", presented to 24th Annual Convention of Institution of Engineers, Dacca, 30 December, 1979.

-O(;;lved Tot,,1 ---- --t"--~.Type of TotalIron CO2 Alkallnlty Nanganese hardness Chlori de 00 pH
\later

(~9/U (rna/I) jmg/J ) _. (mg/J) (mg/JL _~/J) (ma/J J val ue
.

Raw
8.00 130 418 nil 444 100 3.2 6.8

water
Treated ••.••......•...•..•.•...•..•..• .- --'"'-'" -water 0.40 60 428 nil /,10 100 2.4 7.3--
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chamber. Water from the sedimentation chamber enters into the

adsorption chamber (C) at the bottom through small holes and

flows upward, Small particles of precipitated iron floc

"dhere to the surface: of the khoa in the adsorption chamber

and assist in further removal of the iron from tubewell water.

Water from the adsorption chamber flows OVer a weir and enters

into the filter bed (D), wherp most of the remaining precipi_

tated iron is filtered and water which is almost iron free is

discharged through a 1+ inch diameter b~nt PVC pipe (E).

About 90'); r"moval of iron has boJen achiF:ved from th,.,

plant. The approximi,te cost of construction is about taka 400/-

which is about 11/; of the total cost of a nEW tubewell. POst

construction water consumption from the plants were observed

and thesa have been presented in Table 4.20. An average increase

of just under 2.0 gallon per capita par day water collection

has been ObsErved. The rattl 0 f incr8ase depends on initial

consumption; This water is g2nerally utilised for cooking,

washing clothes Flnd utensils etc. Th,"r"fore, by sppnding about

11" more in the tubewEll project in iron problem arF.'as, about

an 80 p",rcent increas," in \.at>~r coll"ction from tubewells will

DC cu r.

If in future ppr capita collection incrciosed to 10 gallon,

th"n in order to mointoin th" pr8sent lE'ngth of runs between

cleaning of the plant, Users par tubew~ll must b8 kept limited

to 30 person as indicated by Appendix [-2. Alternatively, the

plant will require more froquent cleaning.
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~Lijriation in._wator collection from tub"w"ll due to reduction of
~~oncentration,

Average increase of tubewell wat~r collection = 1.90 9pcd,

5ampl e Distance of ~;at:...r co 11 ection from Increased wat",rurea househeolds tubewell colI p..-t-io nfrom tub [;_ I jJ',fore iron I II ft a r i ro n Per hou sehold Averagewell rBmo val removal ( gp cd) ( gpcd)( ft) . ( gpcd) (gpcd)
33 5,22 6.7B 1,56

100 3.23 4,46 1.26
150 1,17 2,42 1,257

( Jikar_ IB2 7.29 9,'13 2.14 1.61
gacha

I250

I 2.4B 3.33 0.B5
300 3,47 6.24 2.77I132 3,62 5.00 1.3B
145 3.43 5.10 1.67

,

60 1. ~7 3. B7 2,2C
80 I 1.15 3,43 2.2B
40 1.3B 3.B4 2,46

120 0,75 4,45 3.7012

I( Shak a- 130 0,76 3.B9 3,13 2.15
rigati ) I

180 I 0.42 2.30 l,BB
,

200 0.5U 1.61 1.11
240 0,21 1.B7 1.66
255 0.61 1,55 0,94
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4.4.4 ~latform Dimensions (Bathinq ~nd Nashing Facilitv
at the Source) l-.

For drinking, cooking and genfJrally for sanitary purposes,

water is brought to the house by container from the source.

But for bathing and far most of th" tim~ for washing purposes,

water is utilis",d at the source. A sufficient quantity 0 f water,

about 5lJ percent of the daily dom.,stic total consumption, is

used for th,-;se purposes as indicat',d in the Table 4.6.

Rur~l people do not get the opportunity to utilise this

large volume of water at present on a small tubewell platform

(Plate-B), which has inside dimensions of 2'-9"x2'_9H only. If

some one wishfJS to bathe or wash clothes on thp. prpsent type

of platform, watEr splash"d makes "h" tube\.!8ll si to' muddy, for

which rOlason most of the' tubew,-;ll caretakers forbid bathing

on thE pl3tform to kei'p th" tub'"well site clean and dry. In

addition, at the pe,ak demand p"riod when several people attend

a tubewell within a short int']rval of tim"" people do not get

the opportunity to spend tim;, for bathing ~nd washing on the

tubew",ll platform, be'caus', only on,? person can use th" tube-

well at a time and bathing carries a low~r priority than

drinking. Thi s situotion forces the< uscors to use unprotected

sources for bClthing and w~shing. Further, a sufficient quantity

of water can be obtained from other sources at the same time

as drinking wat8r is b"ing collected.

In one sample arc., where th"r', is no tubewell pla~form

(Plate-9), water us,o at tub "well siL, was observed to be only



81

~ashing and bathing is difficult on presentsmiJll plAtform.

Washing and bathing is very difficult at
tubewell site where there is no platform,

Plate-8

Pl"te-9



constructing the extented platform.

collection curves for both conditions

bathing, an l'xt"nsion 0 F the pres"nt platform has been effected

in two sample ar8as (Plate-lO), as Per the drawing p"esented

in ,-ig. 4.15. "ater coll"ction of some households "round the

tubewells were observfO'd for several days both in summer and in

winter before 0 after

Distance-tubewell water

have been plotted in Fig. 4.16.

within 500 feet radius From th" ~ubew811, as indi cat"d by th"

•

Th" cOst for th2 extension of th" present platform is

Th,o rate; of water coll"ction incr",ase with distance has

Table 4.21.

1.51 gallon pcr capita ppr day of tubuwl'll water collection

82

To allo", peopl" to havoC mOr" spac" for washinq and

the tubewcll.

POst construction condition shows an avc,ragf' increase 0 f

10 percent 0 f the total collection, by th", households "round

also been prccscnted in Fig. 4.16, which indicates that the

rate of increase is higher for households living closer to

the ~ubewell. This additional ,,,at3r was sometimes utilis",d

for bathing and sometimes for washing clothes. It was observed

that on occasions people washed clothes at the pond or river

first, and then final washing was done with tubewell water.

approximatt:ly Taka 175/-. Th8r"for,,,, by sp8nding about 5~;more

in a tubewell project, an increased tubew8l1 WOlter US'3 of 12

percent of the daily water consumption may be achieved in

many places.
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Plate-IO An extension of the present tubp-well platform.
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TA1JLE-4.21

Variation in watpr collection from tubowell before
and after constructinq bigger platform

Before
co nstru cting
bigger plat_
form (gpcd)

Sample
area

Distance of
hou seholes
from tube-
well (ft)

vJat~r colI ec"tion from
tub ewell

A ft'n
constructing
bigger plat-
form (gpcd)

IncreaSI-~d water
collection

Per house- Average
hOld (gpcd) (gpcd)

60 9,43 12,00 2.67
100 12,00 14,00 2,00

3 100 10.50 12,00 1.50(Site-l,
Noap ara) 120 2,92 4.50 1. 58

260 5,33 6.S3 1,20 1,42
300 2,20 3.00 0,80
500 2.70 3.00 0.30
30 11,72 13.50 1,78
40 10, 79 12.86 2,07

150 10.25 12,00 1,754
(Site-2, 180 3,10 5.50 2.40 1,60

\
Biranp.ur ,375 4.60 6, 70 2.10

400 6.00 7.00 1.00
50S 3.75 3,86 0.11

Avprage' per capi ta increase of wat<"r collection( Q) = 1,51 gpcd -
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A0 important phenomenon is th~t on this new bigger plat-

form, one person can operat,e the tubewell for collecting water

by con~ainer and another can take his bath or wash something

at th", same time with previously coll",cted water; i. e two

people cem utilise the> cubewell plfltform et thE. same time

(Plate-ll and 12), which is not possible with the traditional

platform.

\

fo allow people mor", time for b<:lthing and washing, the

number of users per tubewell must be kept limited, in addition

to the construction of a bigger platform. As presented in

Appendix-C-3, 20-25 users could b" served by one tubewell, if

bathing and washing are done on the tubewell platform of the

present type. If the modified typP. is used, some 55-60 people

could be served adequately.

4.4.5 1os~~ion and_Surrounding Environment of the Source

Women are the main wat~r collectors in rural Bangladesh.

Thoy fetch water for the house from the source by containers

mainly for cooking, drinking and sanitary purposes. They do

most of the work of washing clothtes and utensils. Classification

of the water collectors of five sample areas have been presented

in Table 4.22.
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Plate-II

Plate-12

Two persons utilizing the tubewell site at a time.

Bathing on the extended tubewell platform.
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TABLE 4..ll
~l~s~£ficationof wa~8r collectors in five sample areas

in percent of water cq_II'3ct~gr1_jo.!" ..!:.':'ey_~__m_ade

Nale r emale

Adul t ~linor Adu It t ~IinOr

11 4 64 I 21

Note: Minors are 15 yenrs and und~r.

The table indicates that in 85 percent of cases water

collectors ard femOlle. Thoy do not like to expose themselves

to strangers on thc.ir way ';;0 the source. PDrticularly women of

r8spectablo famili 8S 0 f the rural .3r'3dS do not lik e to come

OUt of their hOuse in open Dr public places for collection of

water. Field obs<,rvc,tions indicate that water collection from

tubewells located in open Or public places is much lower than

from the tubewclls located in unexposed covered places or from

private tubewells. On an aV8rage to provide one tubewell for

160 peopl", presently public wells <'Ire gp.nerally installed by

the side of main road, in a road junction or in an open public

place (Plate-13 and 14). ~ural women usually fetch one pitcher

of drinking wat"r only in thn early morning and another in the

late evening hours from such a wp.ll situated at a public pl"lce

and hardly use it for any other purpose than drinking. Water

collection from such tubewells reduce significantly on weekly

market days when more people move along the road (Plate-15).
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Very exposed tubewell site.

Tubewel'l site by the side of a main road~

Plate-13



For lack of privacy

vativ6 wo~o not

92

at an expos8d tubewoll site, rural conser-

like to spend time for washing clothes and

utensil. Bathing is actually impossible for women at exposed

tubewell sites.

The environment surrounding th", source, i. e whether the

tubewell site is muddy or dry. has an influence on water

collection from it.

In order to dE,termin", the effect of privacy of tha sourc",

on water collection from tubewells, an arrangement was made to
create partial privacy at threp exposed tubewells by constructing

tarj a fencing (Plate-16). \vater collaction of some households

around the tube'>Jells wer'" record",d for four days before and

after constructing thE' fpncing. Figu re I) .17 rEpresents the

effact of privacy of the source on water collection from it.

watdr collection data have beFn presented in Table 4.23. Post

construction condition or the f",ncing shows an average increase

of about 0.7Sgallon per capita per day water collection, within

500 feet radius of th,o tubewells. This excess amount of water

Was utilised mostly for washing utensils nnd somotimes for

washing cloth",s (Plate-l7).

The actual privacy of th2 sOUrce can only be maintained

where th3 tubewell is 10cat8d in an unexposed or screened

place. \Vater collEction from such a tubewell will naturally

be more (Plat",-lB). To maintain privBcy, onE tubewell should

be installed for ~ach household or in a suitable central place

between two to three households, where the households occur
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Plate-IS

Plate-16

RUr.31 women hesitate to go to exposed tubewell
site when many people move along the road,

Arranggment for partial privacy at tubewell
site by constructing tarza fencing •.
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TABLE-4,23
~'-

Variation in water collection from tubewell before and
after creatino partial privacy at source site

Average per capita increase of water c011ection(V)=O, 753 gpcd

Sampl e Vi stance Water collection from Increased water collectioarea of hou se- tubewellholds from IlJ efore After Per house- .Average
f

tub ewell construc_ constructing hold (gpcd) (gpcd)I (ft) ting fencing(gpcd)fencing
(gpcd)

45 5,75 5.75 0B5 6,50 B,50 2,0077 5,30 5,50 0,20100 3,50 4,50 1,0013 160 5,00 6,00 1,00 0, 745260 3,50 4,25 0.75270 4.00 5.00 1,00350 0,75 2.00 1,25355 2.50 3,00 0,503BO 1,00 1,00 0,00420 2,00 2,50 0,50
50 3,00 3,80 0,80100 2,10 3,00 0,90100 2.06 2,20 0,14100 4.40 5,10 0,709 150 2,80 4.10 1,30 0,602150 2,54 2.90 0,36200 1.60 2.40 0,80200 1,90 2.06 0,16250 1,80 2.06 0,26
42 3,28 4,44 1,16130 1.28 3.49 2,21130 3.40 4.52 1,12180 1,31 1,59 0,2810 250 0,47 1.68 1.21 0,913270 0,51 0,61 0,10425 1.94 2.80 0,86505 2.43 2.96 0,53506 5.90 6.65 0,75

,
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)

Woman washing utensils at fenced
tubewell site.

Woman bathing at protected tubewell site.

Plate-17

Plate-IS
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in a clust"r. Based on thre" to four households, at 6-7 per

household, and tubewell site beinn f"nced,than 20-25 people

at the most could be satisfied by one tubpwell.

4.4.6 lJistanf'e of the_ Source '-rom Households

Figure 4.14, 4.16 and 4.17 clearly indicate that per

capita collection from a tubewell decreases gradually with

incr •.,asing distance of the households from tubewell and users

are inclined to use near~y unprotected sources to meet their

daily domestic water needs. rhe most important factor which

controls the amount of water collection from a tubewell is the

presence of other competing traditional unprotected sources

like ponds, rivers Or ring wells etc. near the households. It

hes already been mentioned that most rural people use tubewall

wab,r at least for drinking. But usage for other purposes is

affected by many oth~r factors like wat~r quality (Q), privacy

of the source (V), washing and bathing facility at the source

(P) etc. Figure 4.19, indicat'3s that the mOre acute the various

problems are, the more unprotected water sources will be used.

The absence of an altr'rnative source in the vicinity, however,

compels the users to use tubewell water. Water collection from

alternative SOurces not only depends on various problems in

the tubewell water supply but also on its availability i.e the

average distance' 0 f unprotf'cted SOurces from households.

Fig. 4.18, indicates that th", closer the unprotect"d SOUrce

is from household, the lower is the amount of water collected

from the tubewell.
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The ratio between "distance from house to unprotected

source'l and lldistance from house to tubew811jt also plays an
important role in the selection of source. When the ratio is

less than one ~. P. the unpro':ected source is closer to the

household than is the tubewell, then watEr collection from

the tubewell is less than the collection from other sources

as indicated by tho Curves 2, 11, 24 and 25 of Fig. 4.19( a),

4,19 (b), figure 4,18 indicates that when th" distancE" of both

types of sources from households are the same, only 35-40% of

the daily domestic r~-.quirem8nt of wat:er is being collected

from th,,, tubew"ll, Water consumption from both tubewell and

pond of some hous~holds for three consecutive days have been

recorded and presented in Table 4.24 and Table 4,25. Average

distance of both types of SOurCES from the households i3re nearly

the same. Table 4.24 indicat~s that 34% of the total daily per

capita consumption was mada from tubewell and the rest from the

pond.

Quantity and physical quality of water, in addition to

distance from. an unprotect~d sourC8 d8t~:rmin;;.! tht~ amount of

water collec1;ion from it. It has been obs"rved in most of the

cas~s examined that among the unprotected sources, ponds and
rivers are preferable to the rinqwell fOr uS'3rs, since a large

volume of watLr is rcadily availabl~ From the formGr. Curves

7,14,18 of Figure 4.19(b),4,19(c) indicate that although ring-

wells ar2 clospr to the households than tubewElls, water collec-

tion from tubewells has been founn greater since the ponds are

not closer than tUbEwells,

I
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105TABLE 4,24

Water collection from both types of sources by the households
~Kasdia. Khul~a

I~BLE 4.25

Water consumption (in perc£nt of total reguirementL fOl'~rious
pUrooses and the source and place of use by the households of Kas_c!i~

Distance of Per capita Distance of Per capita Totaltubewell per day nearest per day collectionfrom hou se- collection unprotected collection (gpcd)holds( ft) from tube- sou rc e ( po nd) . from pondwell (gpcd) from households ( gpcd)
( ft)

50 5.40 360 4,86 10,2590 4,80 360 4.58 9,38240 5,00 500 4,50 9.50375 3,05 325 4,93 7,98380 6.00 330 4, 70 10.70270 2.35 75 8,93 11,28280 1.30 65 9.79 11.09420 1,69 400 8.20 9.89430 1,65 410 8.11 9,76430 2.99 410 8.08 11,07
~IEAN =296' 3.42 324 ' 6.67 10,09
In percent
of to tal 34/;

66%colI ection

.•
Source At sOurce si t e At homeused

Tubewell 410 = washing hands and fac'3 5% = Drinking34% ." 10% = \.Iashing utensils
2;, = Washing utensils 13Ch = Sanitary and othersbT 2~

Pond 30% = Bathing 10% = Cook ing66% ,
2010 = Washi ng clothes
3% = .Ia shing utensils' 3% = Sanitary and others53~ "l'"1'%
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Curves 13,26 of Figur~ 4.19(c) indicate that although

there are several probloos in tubewell water supply in the areas

studied and the unprotected sources are vcry close to the house-

holds, yet tubewell water consumption has been found comparatively

greater than in other areas, as the water quality of th" unpro-

tected sources ar8 not as accF'ptable to the consuml"rs.

Curves 3 and 4 of Figure 4.19(a) indicate that where

there are fewer problems concerning wat~r quality, privacy and

platform dimensions of the tubewel1 water supply, where average

distances of the unprotected sources are more than three hundred

feet away from households and "he tubewell is closer than the

unprotected source, water consumption from the tubewell is at a
maximum.

It has already been observed that, where quality (Q) of

tubewell water is associated with acute problems, then by

improving the water quality, on an average, tubewell water

consumption may be increased by upto 1.90 gpcd. Where privacy

(V) of the source is an acute problem, by oreating partial

privacy, on an average, 0.75 gpcd increase may be achieved.

Where there is snall tubewell platform, by providing bathing

and washing facility at the source through constructing of a

bigger platform, then an average 1.5 gpcd increase of water

consumption from the tubewell may b~ achieved. Where the problems

are not so acute, increased water consumption for better water

quality (q) batter privacy (v) may ba consid8r less than the

above mentioned valu8S.
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NDw, tD provide fDr the cDllectiDn Df a 10 gpcd water

requirement from a tubewell, the abDve mentiDned prDblems in

tubewell water supply must be eliminated; mOreover there must

be a tubewell within 120 tD 170' frDm each household where the

average distance of unprotected SDurces frDm the household lies

between 300 and 500', within 115' wh'are average distance to

unprotected sDurc" from the household lies between 100' and 300',

and within 60' fDr less than 100' average distance to the

unprDtected source frDm the hDusehold as represented in Table 4.26.

As per Figure 4.2 in the first case 20 to 40 people, in the

secDnd class Dn an average less than 20 and in the last case

less than 10 people will be benefied by one well. Table 4.26

alsD indicates that where there are many unprDtected SDurces,

mDre tubewells shDuld be installed and the tube-wells must be

clOser to the househDlds than Dther sources, fDr there to be

a greater use made Df tubewells.

FrDm Table 4. B, the av';rage distance of ponds frDm house-

hDlds is about 300' and aVE'rage distance Df rivers frDm house-

holds is Dver 550' in the study area. In the rural areas gen"rally

pond water use is very common. rherefor8, according tD Table 4.26 \

and Figure 4.2, to ensurf] more utilization Df tubowp.ll water,

a tubewell shDuld be in th" range 120'-170' frDm E:aoh househDld

in mDst places and Dn an average one tubewell is required for

20-40 persons, fDr Dptimum use.



TABLE4.26

To provl~lQ....!lp.c.'!..lu.bewell water supply,...!!!!,xl.um dl st",ce of tu."••,ell ;frpm househol ds
under various field conditions

(Average d1st",ce of unprotected sources llO~~OI)

....•
Present Q,rres;'7ndi ng Ilaxlouo
mlnimum di stonce of di stance of- coll ectlon househol ds • tubewell for

Total from tubewell froo tubewell J 10 gpcd
gpcd) to meet (ttl I coll ectlon

10 gpcd froo tubewell
reoul rernent V ( tt).. -

4.15 5.85 1i\),
0 10.00 H2'

2.25 7.75 125' 120'.1i\)'
0.75 9.25 120'
2.25 7.75 ..

-- •..._ .•.•..•.•..•.....
EXpected Increasell water coll ectlon

•.•..•..'
Rati 0 of tubewell for toll 0 iii n I morovament (mcd)
average Water l)JalUy PlaHorm

Pri vacy of source sUedi stance of dimension• unprotected ..-
P VQ q v

source to (1.90 gpcd) (1.00 gpcd) (1.~ gpcd) (0.75 gpcd) (0.1,0 gpcd)tube well

1: 2.38 1.90 - 1.~ 0.75 .
1: 1.55 - . . - -

1:1.61,1:1.95 . - 1.~ 0.75 -
1: 1.46 - - - 0.75 .
1:1.1 - - 1.~ 0.75 -.t... - ~.

Average J
dbt ance to
unprotected
water
sources

~L
~O
3~

315, 380
300
300

lOrve
m.

[tamp1 e
=-ea)

1
3

16
I,

25

(Avg. distance. 100'-300')

5
7
2

275
279, H3
1~

1:1.37
1:1.81,1:0.93

1:0.75
1.90

1.00J 1.;-r - [::---[.2.~ 7.~ 115' -
- 1.~ 0.75 - 4.15 5.85 .))' <1151
- 1.~ 0.75 - 2.25 7.75 _

, ----- --...... .'-
(Avg. distance <:00')

!
-_. ..-.-..-._- -~- -1:0.25 1.90 - 1.~ 0.•75 - 4.15 5.85 00'

.1, 1:0.36 - L_ 1.~ - 0.4 1.90 8.10 00'
(00'1:10.3. - 1.~ Q.75 - 2.25 7.75 35'

.15, 1:0.40 - 1.~ - 0 •• 1.90 8.10 -

---r--'--r--
26 62 I
n 120, 40 1:1
13 90
'Il J,82, 78 11:2

]/ From Figure 4.19
b
CD
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4.4.7 Stepwise Regression analysis of factors affecting
per capita water consumption.

The physical factors affecting per capita water can sump-

tion are now inca rporated into stepwise linear regression

model for rural water consumption. The model represents average

conditions of fourteen sample arpas. Using average per capita

water consumption as deDendant vGriable,one might pOstulate thet

Ql varies with Distance ratio of protBct~d source to unprotected~

Xl' vlater Quality; X2, Platform Quality. X3, Location of source

sit,,; X4, and number .of users per pump; X
S
•

The model may be expressed symbolically as follows:

.........

In linear form above equation can be expressed as

where Ql is th" dependsnt v;uiable. Xl' X2, •••••• Xs are

independf~nt voriable'a'is the intercept. b,c,d, e and fare

the regression coeffici~nts.

Model is subjected to stepwise multiple linear regression

analysis using the ?55 package program on the IBM 370-11S

system at BUET Comput€r Centre. The input data for model is

presented in Table 4.27.

ThE rFsultant equation of model aftEr five steps is

Q = - 6.3270S+1.97S84\+.02394X2+.09741X3

3.2(9) 3.393) (2. 71S)

\

\



Input Data J:oX..tllenodel

Vari"ble No. 1 2 " 4 '5 6

~s Q Xl X2 X3 X4 X5
S"mDle area

3 8.25 1.55 100 75 I 50 085
4 7.40 1.46 100 70 25 080

16 7.40 1.75 100 50 25 084
14 5.80 1.10 100 50 30 100
1 5.50 2.38 025 50

I
12 150

5 5.40 1.38 050 50 75 085
13 4.40 1.00 100 50 05 090
25 3.70 1.10 100 50 i 35 070
18 3.50 0.40 100 35

1
75 160

2 3.00 0.75 100 50 10 080
26 2.70 0.50 010 50 20 105
7 2.60 0.93 025 50 , 25 070

24 2.50 0.96 050 50 I 25 08011 1.70 1.10 I 010 50 I 25 070
I,

110

i38.47360 :I ;

Calculated Mean(x) .~.56071

Standard (/ \ L.. 09249deviation O) F

1.16857

0.51415

69.28571 i 52.14285 I
I
I

9.55033 I

31.21428 I 93.50000
I .

21.53412 I 28.06514

Q = Per Capita Vater Consumption in ~od.
Xl = Distance ratio of protected source (T/WL) to unprotected SOurce •

.X2 = Water Qua1ity, expressed as ;;accepta ble to consunc:'s.
X3 = Platform Quality, expressed as ~ acceptable to co~suners.
X4 = Privacy/Location of source (T/iJL),expressed as % acceptable to

consumers.
X5 = Nu~ber of users per Tubewell.
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(The coefficients in parenthesis are the T-values)

2Multiple correlation coefficient; .906, R ; .820'.
F-value ; 11.340

Only three of five independent variable were entered significant

in the monel. They are Distance ratio of protected SOurce to

unprotectec!; AI' \1ater QualitYI X2 and Platform Quality; X3.

Distance ratic; Xl' has a simple correlation coefficient

of 0.6441, water quality; X2, has a simple correlation coeffi-

cient of 0.5376 and platform quality; X
3
, has a simple corre-

lation coefficient of 0.6348 with per capita wab,r consumption

as presented in Table 4.28.

The results of the model are summarized in Table 4.30.

4.511jscussion:

Unlike for urban water supply systems, the determination

of water requirement, selection of a source and determination

of a collection and distribution system are not the only major

steps in th'3 design of a rural water supply system. ::>irce

simple technology is applied, marked difference between per

capita water requirement for health and per capita water

collection from the selected source is observed in the rural

areas. An understanding of water consumption patterns and

various rnlated factors influencing it, provide a sound basis

in establishing some fundamental design criteria for the future

water supply programme in this country.



TABLE-4.28
CoRRCLATIoN MArRIX

Variable
No. 1 2 3 4 5 6

1

2
3

4

5

6

1.0000

0.6441

0.5376

0.6348

0.1749

0.0634

0.6441 0.5376 o .6348 0.1749 0.0634

1.0000 -0.0263 0.4213 -0.1536 0,0671

-0.0263 1.0000 0.1929 0.1483 -0.0210

0.4213 0,1929 1.0000 -0.1165 -0.4247

-0.1536 0.1483 -0.1165 1.0000 0.2502

0.0671 -0.0210 -0.4247 0.2502 1.0000

TfllJ.1E-4•29

~eqression Coefficient and Com~uted T-value

•....•....
N

Intercept (a) = - 6.32705

If ari abl e Rr:qrt:ssian Std. ~rror of Reg. Computed T-value
number coefficient coefficient

2 b "'" 1.97584 0.60077 3.289
3 c =- 0.02394 0.lJ0705 3.393
4 d % 0.09741 0.03587 2.715
5 e -= 0,01853 0.01285 1.442
6 f =- 0.01351 0.01118 1.208

- -----



TABLf-4,30

Stepwise R~aression A~alysis of Factors Affecting Per Capita water Consumption

Avg.per capita Intercept Regression coefficient of
watEr con sum- Independent variabl es r1u1tipl e Mul tipl e F-value Setion

R2Q a Xl X2 X3 X4 ~5 R

For Fourteen 1,97584 ,02394 .09741 ,01853 ,01351
sample -6,32705 -1<-1<-1< -1<"'-1< .j<-l< -I< -I< 0,906 0.820 11.340 1,127areas (3.289) (3.393) (2,715) (1.442) (1,208)

"ate: F-value is the variance ratio
5e is the standard error of estimate of the multiple

regression equation (Adjusted for D,F,)
The coefficients within parentheses 8re the T-values of th~ regr~ssloncoefficients

-1<-1<'" Significant at G.Ol leval
"'-I< ~ignificant at C,05 level

-I< Not significant at 0.10 level

R is Multiple correletion coefficient (Adjusted for D.F.)

R2 is ~he coefficient of De~ermination.
i-'
i-'
w



Tf,BLE 4.31

Table of Residuals

Case 1'0 • Y Valu e Y c: stimate Rosidual

1 8.25000 8.50929 -0.25929
I

2 7.40000 I 7.31355 0.08635i

3 7.40000 i 5.99252 1.40748
4 5.80000 5.LJ1699 0.78301
5 5.50000 6.09263 -0.59263
6 5.40000 i 5.00462 0.39538
7 4.40000 1 4.22110 0.17890i
8 3.70000 I 4.7lJ443 -1.00443
9 3.50000 3.81704 -0.31704

I10 3.00000 3.68471 I -0.68471
11 2.70000 1.55943 I 1.14057
12 2.60000 2.38800 I 0.21200
13 2.50000 3.18075 -0.68075

14 1.70000 2.36484 -0.66484

114
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FDr design purpDses fDr th" pr'"sent tim", an average of

10 gallDn p~r capita per day dom~stic water CDnsumption may

be cDnsidered acceptable under rur21 livinu conditiDn Df

Bangladesh. vlater consumptiDn Df the rural p"ople Df India,

Pakistan, Thailand and many other developing countri8s have

alsD b~en fDund arDund 10 gallon p8r capita per day. Moreover,

this consumption figure lowers th8 incidences Df diarroheal

attack according to the former Cho18ra Research Laboratory,

Dacca.

Rurdl people cDllect only 30-40 percent 0 f their present

daily requirement of water from tubewells and the remaining

amDunt is being col18cted from unprotected sources like ponds,

rivers 8tC. which is not desirable to attain the objectives

Df the water supply prDgramme.

The main r<,asons fDr nDn-usage of tubewell water are the

traditiDnal habits Df the rural people; and th",ir lack Df

awar"ness abDut the causes Df woter borne diseases. The Dnly

sDlutiDn tD this problem is a massiVE cDmpaign Dn health

education. But mDtivatiDn about health educatiDn alone cannDt

change the situation. Oth'H physical facilities must be provi-

ded on the basis of cultural demand, which is f8asible and

contributed to health.

ThE' present tubew.cll platfDrm dimensiDns are not adequate

enough to allow ba-ching and w8shing on it. i"Joreover, a suffi-

cient quantity of water cannDt bE yiplded at a tim8 for the

purpose. CDnstruction Df 8xt.ended platforms has yi81ded
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increas8d consumption as indicated by the Tab18 4.21. Benefit

achieved in comparison with additional cost is satisfactory.

Construc"tion 0 f small brick water reservoir (turnk ey) or

supply of Harth"n pots for the purpose of storing water may

provide extra benefit. KS indicated by Table 4.23 and Fig.4.17.

location of the sourc', has definitely some effect on wat",r

consumption, since women are the main water coll'3ctors.

Arrangement for partial privacy of thp source resulted io

increased tub8well water collection. If tubewalls are installed

in protpcted and f'.,ncr,d plac,"s, tubewf.'ll water colL"ction will

inCrS8Sp.. This site' sB18ction will not involve .,!xtra cost.

SomE" tubewi~lls arB also r~quirf,:;d by thf: side of roads, in road

junction Or in public places for ":,ale collectors. Physical

and chemical qualit.y of watEr d;;otErmi:le thf:; choice of source.

To ensure more US"? of tub=:well water, quality must be within

the acceptabl" limit of thro, rural consum,"rs. The world Health

Organization's standard for drinkinq water quality can not

b~ followed strictly in rural water supply. Rural people

accept tubpwell water having iron content upto 2-3 mg/l aod

chloride cont~nt upto 400 mg/l without any objection in many

places. \/her" iron contsnt ",xcE,:ds this value, removal of

iron through constructing iron removal plants is essential

to incrl'-JF.lSc tub'..?w£ll water consumption, as has be8n selJn in

two places. The, ',xtra cost involv0,d for this is small, In-

comparisoo with th" beenefit. Cons,oruction of deep tubewclls

or infiltration gallaries in .scarch of water with lower
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chloride content may provide a similar benefit. Uistance of

the source from households d~tcrmines the amount of water

collected from it. As indicat~d by Tablp 4.26 the presence of

other convpnient unorot8cted sources r~duces the use of

tubEwell water siqnificantly, where th~ tubewell water supply

is associated with VArious problems. Th~ abSr?nce of other

suitable sources in the vicinity compels the users to use

tubewell water as indicated by curve of Fig. 4.19.

To ensure mor" US'-'0 f tubewcll wat';r, tubew1311s must be

closer to the household than othar unprotected sources, i.B.

mor~ tubew~lls are r2quired where thera are many unprotected

sources. As indicated by Table 4.26, to allow the collection

of liJ gpcd water r"quircment from tubewell various problems

in the tub "well water must be Eliminated; mor',over, there

must be a tub:ewell within 120-170' from "Bch household wh8re

the averagc' distance of unprotected source from household"

lir's betw8f;n 300'-500'. The number of people that could be

serv~d by on0 tub~well und8r this condition can bE calculated

from Fig. 4.2. lvh8n tub"wells are located cloSG to the house-

hold;more cdllection journeys arl made and a smaller volume

of wat8r is collQct"d p~r trip as reprrsented by Fig.4.5 and

4.9. Th8refore, greater accl'ssibility to th" tubewell eliminat8S

the nec~ssity of int8rm8diat~ wat~r storage and thereby reduces

the possibility of contamination during storag~.

If w" WBre to provide all the above physical facilities,

the theoretical calculation as present~d in Appendix-C-4,
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indicates that 2u-40 p~rsons should b2 served by on~ tub~well.

Therefore, For some 90 million rural peopL" by the fCnd of 1985

about 3xl0
6

total tubewslls would ba required for thp whole

country i." an additional 2. 5xl06 tub"wf~ll sinking program

should be complected by 1985, which is simply impossible for

t.::conomic and various other reasons. Lven if the mon';y \l'Jere

available; implem(mtation of such large program n",eds a

massive f?xpansion of tht~ responsible organizations. In

addition, maintenance of those tubcwells would be! a major

constraint.

But the theoretical value reflects thG magnitude of the

rural water supply problem of thE' country, and it indicates

the n"cessity for ext.3rnal help and p2ople's participation

to shar,.: the responsibility with th" l;ov.,rnment.

Since the density of population in habitable rural araas

varies from plac£) to place, th8 alloca;;ion of tubewells on

the basis of population figures in an area will result in an

uneven distribution of tubewalls. MorBovpr, limiting the

distance> b,,;;we'n tub'Jw811 and housc'holds cannot bi' maintained

in many places. For a wide variation of density of population,

they may be classified into some groups. Aft~r the' distance-

population curva has been drawn on thE basis of average density

of population and an ar,'a classified into on~ or other group,

th8n the population figure may be used in th", d",t'?rmination

of number of tubt;wells r~quir8d in an area, as has been

calculated in Table 4.3.
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Wher~ few people use a tubewell such as scattered

communities, the family pump tubewell is a l~ss costly

option. Table 4.3 indicates that on~ tubew811 will serve

less people in scatt~r~d communities than dense communities,
i.e mOre tubewells p~r capita ar2 ne2ded in scattered
communities where gen~rally comparatively richer people

live; which implies that richer people get bett~r service.

Results obtained from the regression analysis are not

fully conclusive, since input data for the model are based
on few sample areas.
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SUI'Ii"IARY, ClJl\iCLUSIOIJS AfyD RECGrfJl'I:::IJDATIONS

5.1 Summarv of Findings:

Density of pooulation in habitable rural areas varies

widely from place to place and it is high in clustered settle-

ment ar~as. Local topogrdphy and socio-~conomic status have

some influence on setelement patterns. ~oor people live in

closer association of houses than the rich.

~veragb per capita wat~r consumption in thE rural arsas

is found about 10 gallon/day. Household SiZE, sanitary facili-
.......1.e5, socio-Bconomic seatus are the most important factors

affecting water consumptio" in the rural areas. About 50

percp.nt of the daily requir~m"nt of water is utilised for

bathing and washing at the source. Cows used in cultivation
consume about 5-7 gallons of water p:cr day.

Accessibility to the source, quantity of wat",r available

ae a time, physical and chemical rath2r than bacteriological

quality of water dotErmine the choice of source. Presently

only 30-40 percent of the daily domestic requirement of water
,

is collected from tub"wells and th" r6st comes from unp rotected

sources. Among unprotec~ed sources pond watsr is ~sed more
frequently and its avcrag~ distance from hOuseholds in many

places is nearly equal to that of th.? tubewell. -later collection

from tubewElls decreases by 10-2U p"rcent in the rainy season

when unproeeceed sources rema~n full of water.
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Yield from the "Bangladesh [jew No.6 Handpump" is mOre

chan the local type. Performance of family pump tubewell has

been found quite satisfactory in som" plac8s. Where few people

use one tubawell family pump tubewell be suitable for economic

reason. i~aintenance costs of traditional hand pump tubewells

are optimum for users around 60 in number.

j"lain reasons for non-usag~ of tubewell water are traui-

tional habit of the rural people, lack of awarness about the

causes of water borne diS8ases, its water quality, lack of

privacy of source site, small plscform dimension and distance
to the source.

People prefer water which testes good. looks clean and

does not chango the colour of food and clothes. Iron concen-

trations less than 2-3 mg/l. chloride concentrations less

than 400 mg/l in tubewell water have been found acceptable

to rural consumers. Reduction of iron concentration from tube-

well water through an iron removal plant increased the tubewell

water consumption by an average 1.90 gpcd in two places. Arrange-

ment of partial privacy increased the tubewell water consumption

by average 0.75 gpcd in thr',s places. Construction of biggar

platform increased the tubewell water consumption by average

1.51gpcd in two places.

Water collection from a tubewell decreases with increasing

distance of hous8hold from tubewell. fhis problem is more

acute where tubewell water supply is associated with various

\
"
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Dther problems and where alternative sources are clDser tD the

hDusehDlds than tubewell, Households living clDse tD a tubewell

make mDre cDllectiDn iourncy tD a tubewell but cDllect less
vDlume Df water per trip than other hDusehDlds.

The regressiDn analysis shDws that Df the factDrs affec-

ting per capita water cDnsumption, dist"nce ratiD Df protected

SDurce tD unprDtected SDUrce frDm hDusehDld, water quality and

platfDrm cDnditiDn '-'mergedas th,~impDrtant variables in

explaining variatiDns aSSDciated with per capita water cDnsump-
tiD n,

Water cDllectiDn frDm tubewell varies with time Df the

day, At the peak demand periDd, 13-14 percent Df tDtal daily

cDllection jurneys are made in one hour,

CDnsidering various factD rs a maximum Df 20-40 persons

can be served satisfactDrily by one tubewell under ideal water
cnnsumption cDnditiDns.

5,2 CDnclusiDns:

The follDwing cDnclusiDns are drawn Dn thp basis Df

resutts obtsined frDm fi",ld investigatiDns:

(a) Small diameter tubewell with ND,2 pump is suitable

under certain cDnditiDns if the number Df users per
tubewell is reduced,
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(b) To obtain the mnximum utilization of hand pump

tubewells, i.8. to increase safe water use; in

addition to a health education and motivation

programme, the following physical facilities should
be provided -

b-l. Allowable upper limits of iron and chloride in

tubewell water should be 3 mg/l and 400 mq/l

resp~ctively. Where iron concentration exceeds this

value in an are", ground water explori3tion should

be conducted in search of low iron content aquifers,

If the abov8 attempt fails, small iron removal plants

should be installed. Where chloride content exceeds

the above allowable limit, construction of a deep

tubewell Or shrouded well or infiltration gallery

is needed to ensure acceptable low chloride concen-
trations.

b-2. An extension of the pr2sent platform is needed as

pAr modi fied design, A new des:iqn platform should

be cons~ructed where there; is no platform.

b-3, Arranqem~nt for partial privacy should be made

wheref.ver possible. In the futur8 tubewell sinking

programme, attention should be given to proper

tubewell site selection. Where women are the main

water collectors, location of the tubewell should

be in a protf?cted, fenced place, but must be

accessible to all users, Some tubewells are also
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needed in road junctions Or other suitable

public places.

(c) Since it is not. possibl<= in the near future to

provid,' on" tube\-J811 fa r 20-40 persons for v'lrious

re3S0ns, evr:ry ~ffort should be made in selecting

prop8r sites for tubewells in localities so that

the distance of a tubewell from all households is

the minimum possible. Present site selection criteria

to provide one tubewell within 500' of eVEry house-

hold should be strictly follovJed; moreovpr, this

dist.ance should be reduced gradually with time and

opportunity which is absolutely necessary for more

use of tub8well water i. e of safe water as obsgrved

in the study.

Rpduction of that distance can only be achieved

through people's whole hearted participation and

t.hrough mOr8 extensive external help and co-operation.

It is also thr.;ught" that government could allocate

somewhat more resources to this sector than present

planning documents indicate.

(d) Density of population in habitable rural areas must

be taken into consideration in addition to population

in the allocat.ion of tubewells in an area.
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5.3 Recommendation for Future Study:

Rural w[Jter supply problems hava b"en studied to some

extent in only three districts in the south-western part of

the country and the r"sults which have been obtained from the

investigation may not be applicable to other parts of the

country.

It is not feasible to conduct field investigation in all
areas, nOr it is practicable to apply general design criteria

for conditions throughout the country. It is'therefore sugges-

ted that the whole country may b,,,divided into some uniform

water need zones on the basis of patterns of rural water

consumption and local conditions. In each zone a similar type

of study should be conducted. Specific study of the major

paramp.ters like water quality standards, distance factor,

settlement patterns, importance of privacy r,tc. should be

conducted to establish applicable design criteria for the

particular zone.

A long term study on the performance, suitability,

people's acceptability and structural durability of the iron

removal plant is recommended in order to improve the design

of low cost iron removal device.



APPElWIX A-1

INTERVIEll QlJESTIOIINAIRE

1. Village •••••••••••••••••••• 2. P.ouse No •••••••••••••• 3. Date •••.•••.•••••••••.••

Natura of Season TI\.L Rill Pond River Ditch RaIn Waterconsumetlen
••••.••••••••.£. .••••..••••••• .-crvcrlnklng Rainy - --- .•..•..•~...--

Cookl ng crv ....1-- .••. "-0 •..•.••..••••.•• ...- .. ..•..•...•...•..•
Rainy I.•......••..•...•...•...•..------ _ ..

••.• .o. •• ..+:--Washlng cry . --I. --.--.-.& ........• '"-'_.- --
clothas Ral ny .......• ,... ''-'-- ..•.-. ..~
Washing lJrv ;..... ..__ ..
Utensil s Rainy

_ .•..•.--.,.•...~ .-
f-•.•_-

_.
•.••.••••••-<#

cry
. -

8ath! ng Rain.
.•....•~~ . .u _ .•....•.-....c .. .-

•...._~.•..• _., .~.._ ...•...•
For cry 1-_- ...~.•-.'" - ._-
Cattl e Rai nv
Sanitary cry •• _.

..- - ... ~,~ .....•~..•...- .-
•.•.•.•..•..•.•..•. _ ..•..•.•.•..•.•. .- •. •..•....- ..•

Pureose Rainy .-- .-~..•-..•..•..•.. - .-.-.......•.

9. Lavel of aducatlon:

Total

5. Rcllgion ••.••••••••••••••

...../

)10 yaars

~E

14-. Hall mado of: ••••••••••••••••

f:acondary r C€o.v:e:condary I
Floor araa of all raofad dwolllng •••••••••• (sft)

Total land o.fiad: •••.••.•.••.• (Slgha)

Tubewall =-I,-=)on d •

-----i~------_ .•.~-.
(Ft.)

(1'01 n)

4. Informant (rel atlon wilh housa haad):

6. Pcpulallon sarvad by o,n kilchan:

<1 yr. 1-10

pg=g pj ~I
7. Occupation: ••••.••.••••.••.•••••••.••• 8.

16. Sources of water for [bmastic purposas

15. IIIstance of nearast watar sourcas and lraval tlma:

13. Roof made of: •••••••••••••••••••••••

r~:3D
10. Approxlmata monthly incoma: (Taka) ...•. _. 11.

12. Estlmatad valua of tho family prop arty: (Taka)
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I

I

I

YES flO

17 //
L -7 L7
/ / II
17 / 7
17 II
rr .r!
/ / r-7
17 17
II / 7
[I II

i / 17

17 rt

Ilash I ng

Suffl cl ent quantlly of \later I s avail abl e from serface sources _

Feel comfort In lakIng bath and washIng clethes in pond and rIver _

TakIng bath and washIng clothes en small platferm Is difficult -

HaIr beeemes stIcky -

Take more time In boilIng rIce and dal -

T"bewell site becomos flooded and contaminated by waste water;
e"reta~er does not pcmll -

(a) Tubewell Is too far away -

(b) Pondt1llver Is c10ser to the house -

(c)

(d)

(e) Nore time Is requIred in fetchIng ,atOl" from a tubewell.
and bathIng not possIble at peak demand perlod-

(f) Tubewell water tastes bad and has a cloudy appearance -

(g) Cooked food and clothes become coloured -

(h)

(I)

(jl

(k)

APPENDIX 1.-1
(Cont d)

(1) Tubewell Is sHuated In an exposed plaee; more tIme cannot be
spent for washIng and bathIng by the women for 1ack of prlvaey -

(m) other reasons (If any) ••••••••••.••••.•••••••.••••••••••••••••••••••••••••• ~••••••••••••••••••••

17. Reasons for non-usage of tubewell water for all domest i c purposes:

....•......•.......•...............•...............•••..•..•.••••..••.•..•

...................•...................................................•..

..........................................................................
18. !M'er'u$3.ge from vnrl (l115 sources:

~;at~~.~li.;;t~..d from tubewel1 ..--- •..•..1
Tube-I T ~"-'liode of I~.;;;_..I Pond/
well ! Data I eoll eel ion and Itily t RIvor
T-T.......Pl'IPOSO of usa '1 (gaJ1.:L; flo. •

. ~ ti

Wat-;:'Zon'eelod from pond/river
--r--"-liode of

Date t coll oelion and
t_ .•. ..E.u.':P0sc of use
t
t

QJan-
tity
, (gall -1..
,
•
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Some Features 0 f Pumps used in Bangladesh
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hod el "eight Cylinder Stroke Discharge
i~ame ,I pounds) diameter Leng th f'ili nimum 5pecific use

I (inch) (inch) (ga3jon) . ,

fJew I
65 3. 5 8.5" 6.00 ~10st common type in;'Jo.6 I all the(UI~ICt:F) usa over

country

No.4 V['ry shallo w well s used
very 46 3.0 6.0 3.00 only in salinity p robl em
shallow area s. Small er capacity

to prevent salt ,,,atarI intrusion by depletion
i of fr>osh water

f'O.2 I Is usp.d in areas
Family 22 2. 5 4.0 1.4 where potable aqufer
Pump is available at reason-

abl e shallow depth
(30-45'). neant for
u 5e by a si ngle family.

iJEep Used where water
Set 5 table go es below
Cylinder 2.5 8.5 3.00 suction head (25'-0")
wi th +

du ri ng dry65 season ..
No.6
Head

Discharge for twenty strokes under 5'-0 static suction lift
ocorresponding to mean sea level at a temperature of 86 F.
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APPENDIx-'e-I'

~hximum number of users per tubE-w"ll on the basis :Jf time
required in fetchinq water from the tubewell .

If it is considered that people will collect entire domes-

tic requirement of watp.r, i.e 10 gpcd from tubewell, then numb2r

of trip required per person per day is four assuming 2.5 gallons

average collection per trip.

f,ow if 160 people use a tubevJsll, total numb3r of trips

to a tub "well is 640 trips per day.

About 0.625 minute is required to pump 2.5 gallon of

water from a tubewell having yield capacity of 4 gpm and

approximately 0.67 minute is spent in cleaning and placing the

container in proper Dl~cp during wattSr collection. Thp.refore,

total time spent at tubewell in watar collection per trip is

equal to 1.30 minute.

5ince about 14 percent of the total collection journeys

are) made per hour at peak demand period, to tal numb "'r of trips

640 x14
per hour at peak demand period = 100 = 90 collection journeys

in one hour.

Total tim" required to mak [' 90 collection journ"'ys is

equal to 1.30x90 = 117 minutes, i.e 160 p,:opl" can not be

satisfied by one well under ideal water collection conditions.

If the collection jurneys are made uniformly throughout

the p8ak demand hour, then maximum numbr"r of person could be

60xlOlJ
satisfied by one well = 1.30x14x4=82 persons. Since at peak

demand hour s.-veral coll,'Ctors attc:nd a source within short

interval of time, maximum numb",r of users per tub8well may be

20-30 to avoid any long delay in collecting tubewell water.
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~sers per tub~well and length of run between
sleaning of the iron removal plant

The length of run betwe"n backwashes of an iron removal

plant is a function of total removal of iron, i. e amount of

iron removed per unit. volume of water and total volume of

water pumped. In pl"nt IJo.2, raw watln iron cont!"nt is 8 mg/l

and treated watp.r iron per litre is u.4 to 0.6 mg.

About 100 ussrs use the plant and average per capita

collection from the plant is 3 gpcd, which is only 3D;'; of the

daily domestic requirpment. Daily yield from t.he plant is

therefore, 300 gallon. I f in futur,; per capita collection from

the plant increased to 10 gallon, then in order to maintain

the present length of run between cleaning of the plant,

users per tubewell must be kept limited to }~~oo= 30 person.

Present length of run between cleaning is 15 days. Since

the method of cleaning is a trubla some matter, a short length

of run between cleaning of the plant is not desirable.
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~iaximum numbpr of oe«p'le who could b,c satisfied by one
_tuqewell i f Bathin~_nd ''lashing are done on tubewell
platform of the prps~nt limit~d area (2'9"x2'9")

I f on an average 5 minutes is sppnt psr trip for washing

uts.nsils, clothe-,s and other purposios theen a maximum 12 collec-

tian journeys could be made in on'= hour, with the present type

of platform, becaus", the user will occupy thp. main platform

for the whole time.

Since about 14 pprcent of thp total collection journeys

are made at pEak demand hour, rnaxir.1um total collection journeys

12xlOO
per hour is equal to 14 = say 85. fls peer Fig. 4.2. house-

holds living within 100' from a tubECJf,ll on an average made

about 28 collection journeys per household per day.

Ther"for8, about ~~ ~ 3 households could be served

by one tub=well and maximum 20-25 persons will bs ben,?fited

if bathing and washing are done on the present tubewell

platform.

On th" other hand where there is an ~xtended new type

platform, one p,,'rson who wants to wash his utensils Or clothes,

can coll~ct water from the wRll and then can do his washing

on the pxtpnded platform leaving th~ main platform completely

fre~ for oth~rs. And by that time one Or two users can easily

use the tubewcll for any purpose. Therefore; if on an averag"

2 minutes is spent per trip, about 30 collection Journeys could

. 30xlOO
be madE in one hour, ~. e l4x28 ~ 8 hous"holds could be served by

one tubew81l and about 55-60 persans will be nefited.
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APPENDIX-'C-4'

p~timum number of users p~r ~~nd_~mp_~ub~well

r;1 aximum perm iss ibl e
Fo r th " condition numb p.r of users per hand

pump tubewdll

To have the facility of bathing
a. washing on new tubewell platform 55-60 person

( Appendix-B-3)

For the mai nt enane e of be tt s r
b. privacy of the sou rce si t e 15-25 p p rson

(Art. 4.4.4)
--~--~---

To avoid any rush at tubewell
c, si t e at psak d emand hou r 20-30 person

(AppE'ndix-lJ.2)
. -

To maintain a long length of run
d. betwe"n cleaning of th" iron 20-30 p erso n

removal plant (kppendix-B-l)

To pro vid e a tub ewell wi th in
8. 120-170' from each household 2LJ-40 person

( Art. 4.4.6)

To maintain a optimum maintenance
f. co s t of traditional hand pump 50-60 person

tub~well ( Art, 4,3,2)
".

-
To rr;:!d uc e the chances of

g, Bacteriological co ntam inatio n 1 "ss than 239 person
of tub ewell water (R"f,42)

R'ecommendation of Ru iz of
h. Colombia ( Art. 2,1,4, "8f,20) 20-50 person

Ther"fora one tub",well may be provided for 20 person in

scattered populated area and for 40 person in densely populated

area.
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Cal cul ati on of moan and 'standerd dovl at ICn
- tooancTC;st wi th varla't'fQ;Of' 'u;;;;-.---.,. ,........ -~from dl fforont val uo of maln-- -'.. 134

27775 46356 25

I
I

/lumbor
of users

x

20
25
30
30
30
40
50
60
60
65
75
80. Ax
80
80
80

115
115
115
120
125
150
150
250
320

flalntmanco Stopdovi a--!
cost of I tlon fron I
tubowell ! arbl trery f
In Taka valuo (Ax). !

v d'\.-....
2 -60
7 -55
2 -50
4 -50
5 -50
9 -40

10 -30
6 -20

22 -20
7 ! -15 ~

8 • Ay - 5
8 a

12 a
22 a
23 a
:KJ + 35
30 35
43 35
33 '10
46 45
30 i1J
50 i1J
35 1i1J
50 2110

+ m

St op dov! a- I
tlon frcm
arbl trary
value (Ay) •

dv

- 6
- 1
- 6
- 4
- 3
1
2

- 2
14
- 1

a
a
4

14
15
12
22
35
25
38
22
42
27
1,2

+ 292

dxoy

360
55

300
200
150
-40
-60

40
-280

15
a
a
a
a
a

420
770

1225
1000
1710
1540
2940
4590

10080

25015

3600
3025
2500
2500
2500
1600
900
400
400
225
25
a
a
a
a

1225
1225
1225
1600
2025

• 4900
4900

28900
57000

121275

36
1
36
16

9
1
4
4

196
1
a
a

16
196
225
144
484

1225
625

11>440
',84

1764
129

1764

22400

ydx

- 120
- 385
- 100
- 200
- 250
- 300
- 300
- 120
- 440 f

- 105 !
- 40

a
a
a
a
i1J0

1050
1505
1320
2Oi1J
2100
3500
5950

12000

2ydx

7200
21175
5000

10000
12500
14400

9000
2400
8800
1575

200
a
a
a
a

24500
36750
52675
52800
93150

14 i1J00
245000

1011500
2880000

~: x- • 80 + l42 • 94.38 usors24
y-. 8 + ~~2. 20.16 Taka

f. y • ,/.f.24OO '~(122)2
24 24

• 28.02 Taka

j7JJ53.12 - 206.64

• 69.61 users

••..• f
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Calculation of Ccan, stand~rd dcvlatlon frCl, dlff,ront,
:'.aJ.ue of Dcr""caol ta wate~ coil cetlon by obscrv"" hou,.hol ds {Sec FIuure 4./, a. Sc,

135

Pcr '-r--"'~l ! Step~r---'st~~ r I rcapita Percent ;';1 d devl atl on dcvlatlon • ; •twater house- val uo from fran
dx2 d/ 2eoll cetion hal d of X arbi trary arbitrary dxdy ydx ydx(gpcd) (;Z) (gpcd) val ue val vc

X y x (Ax) • dx (Ay) • dy

0-1 10 0.5 - 4 0 0 16 0 - 40 160
1-2 20 1.5 - 3 10 - 30 9 100 • 00 180
2.3 15 2.5 - 2 r 5 • - 10 I, 25 • 30 60, I II3-4 i 17 3.5 - 1 ~ 7 . 7 1 t 49 - 17 17

I tt t .4-5 10.Ay 4.5. Ax 0 0 0 0 f 0 0 0
5-6 7 5.5 1 • 3 . 3 1 9 7 7
6-7 8 6.5 2 - 2 . 4 4 4 16 32
7-8 3 7.5 , 3 • 7 - 21 9 49 9 27• !••8-9 3 8.5 t 4 • 7 - 28 I 16 49 12 48
9.10 2 9.5 5 - 8 - 40 25 64 10 50--~SUN 95 • 5 I • 5 .1+3 85 349 '. ;93 ' • 581~ .,.

( ) - ydx (.93)
a Nean • x • Ax. -y- x e • 4.5 • -9'5' x 1 • 3.521 gped

(b) Standard dev'atlon • <5 • e
2.2 j\) gped
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Calcul ati.o!'...oJ.!~~ Standard Dev! ati."!2.. '
from di ff.r.e.n.t....v."!.u.~.o.Ls.o11eeti on journ ey lei IIi t h vari atl on of .t}Eo."J}y)

(See also Flgu.e 4.7 and 4.8)

......~.....,..... •• _••'~ ••Sr;p ..•.... . f ...~~' IStep
Percent acvl nil on devl atl on .•Ii me coll eo- Nid fro!j] froo •

2 dy2 2in tion val uc orbl trary arbi trary dxdy dx ydx ydx
(hour) journeys of X y.:!l uc

(~~\ue.-l v x ..r Ax)•• dx M • L..- .....•..
o5OD-0000 1.0 ' 05.50 - 7 - 4.0 28.0 49 10.0 - 7.D 49.0

D000-070D 7.5 00.50 - 6 + 1.5 - 9.0 36 2.25 -45.0 270.0

! ! • I I070D-0800 H.o 07.50 - 5 + 8.0 I .40.0 25 . 04.0 , -70.0 350.0,
t tI •t ~ • !

0800-0900 13.5 08.50
,

• 7.5 f -lJ.O t • 56.25 I -54.0 •- 4 I , 16 • i • 216.0• • •••0900-1000 8.20 09.50 - 3 • 2.2 - 0.6 9 f,.84 -24.00 73.8

1000-1100 7.0 10.50 - 2 + 1.0 - 2.0 • 1.0 -14.0 28.0

1100-1200 6.0.Ay 11.50 - 1 0 0 1 0 - 6.0 6.0• If I t f
1200-1300 5.0 • , • , t112.50. Ax 0 t - 1.0 0 0 I 1.0 I 0 0

I • i • • II , ,
1300-1400 5.2 • ;13.50 1 t - 0.8 - 0.8 I 1 0.64 5.20 5.20

1400-1500 3.5 H.50 2 - 0.5 - 1.0 f, 0.25 11.00 22.0

1500-1IXJO 7.8 15.50 3 • 1.8 • 5.4 9 3.24 23•• 70.2

1000-1700 8.0 16.50 4 , • 2.0 • 8.0 • 16 I~.O 32-0 128.0,

I I • II I I1700-1800 7.0 17.50 5 + 1.0 I • 5.0 I 25 1.0 35.0 , 175.0•• I t
1800-1900 lh1 18.50 6 - 1.9 -11 .4 36 3.01 24.6 147.6

1900-2000 0.2 19.50 7 - 5.8 -40 .6 .9 33.04 1.4 9.8

"-.
SUN 100% 0 11.0 -15.0 280 191.72 -88.0 .1550.6

(a) 1'1eanx. - Ax. 'lydx x c
i.y
, '-88".ll

• 12.5 + 100 x 1 .0

• 11.62 hr.

(b) 6V1~~')
I

Standard Dovlatlon. .' y_". ~~_.
Iloi. Y n ''iy

"

Vr1550'6 "" (-8817""-• 'ioo- - roo)
':., ,

. ~73 • 3.D3 hr •

-
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