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ABSTRALT

This study investigates the pattern of rural water use,

the factors affecting rural water consumpotion and appraises the

need for improvement in the present rural water supply system

in Bangladesh and the impact of such improvement on rural water

use for the socisl and economic well-being of the rural community,

This study attempts to establish some design criteria

like appropriaste location of +tubswell site, type of pump, plat-

form dimensiong, sllowable chemical contents in tubewell water,

and the maximum distance of a tubewell from each household For‘

the future water supply construction programmoe in rural

Bangladesh,

An attempt is 8lso made to determine the optimum number
of users per handpump tubewsll considering verious physical,
social and zconomical factors, so *that the optimum number of
tubewells for an arza can be estimatzd from the population

figures for that area,

5imple descriptive statistics were used %o analyse the
data and to present the pattern of water consumption and the
effects of various factors on water collection from tubewells,
The variables which were found to be significantly associatead
with per capita rural water consumption from rural tubewells
were distance to the sourcs, number of peopls of thes area under
its command, average household size, location of the source,
platform dimensions, gquality of water, presence of other sources,

and socio-economic status of the users,
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Water collection from tubewells before and after some
improvement to the source were compared, ~n increased water
collection was observed after some improvement and modification
in platform dimensions, arrangement of privacy of the source
and improvement of water guality, It was also observed that
the volume of water collected from tubewells varies inversely
with distance of the household from the tubewell, The presence
of Dther convenient unprotected sources of appsrently accep-
table quality reduce the use of tubswell water significantly
where tha tubewell water supply is associated with various
problems, In the absence of other nearby sourcos people will

usually collect tubewell water not only for drinking, but for

other domestic purposes as well,



CHAPTER I

INTRODUCTION | 5‘/72_9_
A (8.9.8/

1.1 Statement of the FProblem

rafe, adequate and accessible supplies of watﬁr together
with sanitation are recognized as basic hesalth needs and essen-
tital components of primary health care, liany of the diseases
affecting underserved population especially the rural poor,could
bz greatly reduced by meeting these basic health netdsl

. Further-
more watar is an essential element for other areas of development,
It is universally accepted that an adaquste supply of water for
drinking, personal hygiene and other domestic purposes and an
adequate means of wasste disposal ars essential to public health
and well-being, Unfortumately, & grzat number of people living

in rural areas do not have access to a ssfTe and convenient source
of waterz, In 1970 the World Hesalth Urganization surveyed 91
developing countries end found that only 14 percent of their

rural population has a reasonable access to drinking watera.
Reasonable access to water in a rural srea, as defined by the
World Health Urganization, simply means that the housewife or

members of a household do not have to spend a disproportionate

part of the day in fetching the family's water needs,

Saundsrs and Warfordz have estimated that in 1970, only
29 percent of the population of 91 countries surveyed, were with
safe and accessible wat=r against an investment of U,S5, § 1000
million, The United Nations for its Second Uevelopment Decade
(1971-80) has set its goal to supply safe water for about 200

million persons, It is estimated that "zven if the United MNations




development goals were achieved, +ther: still would be morz rural

"2, According to

inhabitants without proper water supply in 1980
the World Health Organization it was ecstimated that 13000 babies
die each day as a result of the use of paolluted waterd, This
reflects the magnitude of the problem on a global scale and

connotes the need for massive resource allocations required to

ameliorate it,

Asia has the largest rural population in the world and
the majority of people without safe water supply also live in
the developing countries of Asia, The World Heslth Organization's
estimate of rural population of developing countries in South

East Asia with adequate water in 1970 was only 5 percentS_

The rhythm of water supply in rural Bangladesh oscillates
between the two extremes of abundance in the rainy season and
scarcity in the dry season, With the highest density of rural
population in the world, the country thus faces an acute problem
not only in terms of sufficient water supplies, but also in

terms of watzr quslity and diss=ases r2latad to sanitationﬁ.

Since 1972, with UNICEF's assistance, Bangladesh has been
engaged in a massive action program to provide potable water to
the 93 percent of its population residing in the rural areas,
but she is still for behind the objective of providing potable
water to the whole rural population, The situation in Bangladesh
is not as acute as in other developing countries of Asia, but
from the statistical records of Bangladesh, it is found that

40 percent of children, before rsaching the age of ten are




partielly disablud cither mentally or physically due to attacks

of various watsr borne discases and consequent malnutrition, It

is also estimated thet more than 50 parcent of cases of morta-

lity among infants in Bangladesh are duc to diarrhoeal discases

8 . . ;
A recent survey indicetes that 21 percent of rural people use

unsafe surface water sources for all domestic purposes, even

when there are appreximately0,44 million public hand pump tube-

wells existing the country nowg_

1.2 Rationale of the Study

.

During the four months of the rainy season, water is in

-

abundance; but for three months of the ysar, there is a scarcity,

Settlement patterns have dictated through the centuries tradi-
tional watsr use habits, Ponds, rivers, ditches, canals and
dug wells are all sources of water for domestic use, The
absence of sanitary excreta-disposal and unhygienic practices
renders many of these sources dangerously contaminsted, In the
past, 93 poercent of the population which lives in rural arceas
depends primarily on natural sources of watcr, Tao stop Cholera
gpidemics in rural Bengal, together with other antiepidemic
measures, the possibility of supplying pure drinking water by
means of some ring wslls and hand pump tubewells was first
considered in the mid-twenties and some tubewells were sunk

in 1928, In 1935 +he District Board +ook the responsibility of
sinking tubewells, The first real target was set at 1 tubewell

fow 400 pesple &6 1948Y7, The stendard oF ons tubsweil Toe



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

people in the year 1963 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, Threz independent surveys carried out between September
1975 and Uecember 1976, indicated that only 52 percent of the
rural people use tubewell water at least for drinking and 21
percent of the pesople use surface water sources for all domestic
purposes including drinking, although 70-80 porcent of the rural
households were within 700 feet of a hand pump tubewella, BIDS
conducted a separate survey on domestic water use in four
different arzas of the country and observed that a subtantial
quantity of water is used from surface sources for domestic
purposes, which is not desirable, The reasons for this under

utilization of the prescnt capacity are not clearly known,

It has been observed that the greater the use of tubewell
water for all domestic purposes the less is the incidence of
diarrhoesal attacgﬁ, fo encourage people to use more tubewell
water, onz needs to determine the effzect snd magnitude of
various economic, social and cultural factors on tubewell water
use quantitastively in order to plan and design an =ffective
rural water supply system for the future,

Prasently two main distribution critszria are followed,

namely (i) to provide one tubewell for 150 people; and (ii)

to install one tubewell within 250 yards of every household



in arzas where there is sufficient population to justify a
public wellll, Recently it has been suggested to provide one
tubewell for every 75 people by 198512, These targets are based
on little scientific study. There ar: sbout 68,000 small and
big villages throughout the country; settlement patterns are
not the same in all thess places, and conditions vary from

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

of distribution of tubewells,

Information is requir2d on whether small and less costly

tubewells will be sufficient when few people use one tubewell,

During the United liations Water Conference in 1977 in
Argentina, it has been decided to provide every one with safe

13, In order to

drinking water znd sanitation by the year 1990
reach this goal, it is essential to make & critical analysis
of the condition and problems of pres=nt water supply systams,
It is nzcessary to determine the reasons for non-usage of
tubewell water for domestic purposess and what improvements
are n=zeded; and further, how feasible they are for the develop-

ment of some applicable general basic design criteria for the

future rural water supply programme in Bangladesh,

1,3 Objectives of the 5tudy

Thz objectives of the study are: (i) to estimate ths
watzr requirements of rural people in Bangladesh for domestic

uses (ii) to determine the consumption from tubewells against



total requirsments (iii) to assess the dimensions of the
rural water supply problem in Bangladesh and to find out
=ffective measures to improve the water supply situation,
(iv) to eustablish some basic design criteria like appropriate
tubewell site, platform dimension, watezr quality standard;
(v) to design & suitable treatment unit to improve the water
guality to an acceptable limit for rural people; (vi) to
determineg the optimum number of users per well considering
various factors; and (vii) to determine the suitability of

No, 2 pump for the futurs water supply programme,




CHAPTER II

LITERRTURE RLVIEW

2.1 Previous SHtudies

2,1.1 Fundamental Approach

Research on domestic water supply in developing countries
has been limited, In 1873, Richard J, Frankella undertook an
evaluation study of community water supplies in northeast
Thailand, The study probed into the =2ffectiveness of the water
supply systems and found many reasons accounting for the in-
efficiency of these systems, Sophisticated systems were built
neglecting local materials and villagers found them hard to
undecstand and operate., Actual water usz was found to be less
than half the design quantity, Acceptance of an elaborate
system requires a consicderable change on the part of the indi-
vidual before he is in a position to weigh the values of what
he is getting for the change. This study provides a sound
justification to look for a user-approach by which people with
minimum external aid could plan and design an improved water
supply system, Carruthers and Brownl5 have stated that in
developing countries it is desirable to use simple technology
and the schaeme must not be complicated, Thanh16 suggested that
since the level of technical expertise in rural areas is very
low, 3ll parts of a water supply system must be simple to

operate and maintain,

.. 1T . . , :
Staziniskawski in his study to determine rural water

supply dzsign parameters for conditions in Tanzania, proposed




to divide the whole country into uniform water need zones,
where the pattern of potable water demand is the same, for
greater variability of natural and climatic conditions of
Tanzania, In each zone he carried out scparate investigations
on a*t least two of the existing rural water supplies to aestab-
lish thez main technical parameters, By technical parameters of
potable water demand, the following findings ar2 understood

from his work,l)lMean day water demsnd per capita or psr cattle

unit, 2)Co-efficient of daily water consumption fluctuation,

The UNICEF/WHD Secretariat has obs2rved thst in planning
for water development schemes, socio-culiural information 1s
lacking and investigations are rarely undertaken to ensure
that plans are both technically sound and socially justifiable,
Thanhl6 has pointed out that in planning and designing for
rural water supply programmes, physical factors are often over-
emphasized as in urban water supply programmes, where most
socio-economic factors are neglectaed, In addition to physical
factors, an understanding of the associstion between socio-
gconomic factors and water use is very important to detsrmine
the dimensions of the rural water supply problem, According to
Paramasivam and SundprsanlEi "Rural water supplies in developing
countries have to be technologically sound, economically viable,
environmentally compatible and socially acceptable". Chainarong
has stated that the success or failure of community water supply
projects depends largely upon the socio-economic factors pre-

vailing in rural communities,




Wagner and Lanmixzm have mentioned that one of the most
difficult and baffling problems in the planning of a small water
supply system for @ rural community is the lack of criteria
upon which an engineeéring design can be based, fFor most rural
underdeveloped areas of the world, reliable design guides have
not yet been established., They have suggested that a critical
analysis of the conditions and problems of the area under study
should be undertaken to develop applicsble criteria, since
certain elements of rural water supply system design 2re matters
of local decision, depending on geography, local economy, custom

and other factors,

2.1,2 Water Réeguirement and Factors Affecting Water Consumption-

There is little knowledge available of water consumption
levels in rursl =2rees as compared with urban zreas, Generalised
estimates of per capita water consumption for selected countries
are summarized by Yhite, David =nd WhitEZl, For rural aress of
West Hengal, Indias, they hzve sstimated the per capita water
consumption as JU-60 litres per day, Hdhyazz mentioned that
6-10 gallon per capita per day water consumption is generally

considered adequate for the rural areas of West Bengal, India,

Khurshid23 and others hava roported that the average water
consumption in rural arsas of Pakistan was 48,1 liters per
person per day, Nazir24 in his study in faisalabad district
of Pakistan found an average wat=r consumption of 9 gallon

per capita per day, Houscghold size,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, fFactors affecting per capita water consumption
were household size, level of education and average household
income, The U,5, Joint Committee on Rural Sanitation26 quoted

a water collection of 10 gallon per capita per day from hand
pump tubawells. Feachem, et 31?7 in their study on rural water
use and collection in Lesotho have suggested a design figure
for the mean annual consumption of 30 litres 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 Devalopmentz8 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
Laboratoryzg Dacca, in a study at Teknaf observed a direct
relationship between the incidence of clinical shigellosis
cases and per capita water collection, The incidence 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,
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whiteaa has stated that the volume of water used in the
tropical developing countries is chiefly a function of income
and material wealth, The highest income group have access to a
larger amount of safe water, He found that water consumption
is higher in the casec of a source situsted close to the house,

rBl and Leeaz fourd that the volume of water used by

Telle
people who carry it home, seems to be associated with the number
of people in the households in a vsriety of cultures, The larger
the household size, the smaller th= per capita deily use, Une

of the major factors affecting the quantity of water used in a
housshold is whether the washing is done at home or not, Warner

observed that a major portion of water drswn frem a stand pipe

in Tanzanian village was used on the spot,

white and Dthers21 in their study in cast African commu-
nities observed that size of the family, income level, level
of education, cultural heritage, character of water supply,
climate and terrain, the size of carrying vessel, distance
carried, age and sex-composition of the household size are
factors influencing water use in rural srras, Carruthers and
Brownl5 have suggested the inclusion of the consumption of both
man and cattle together in the determinstion of a design figure,
They found that if people have to walk more than a few hundred
metres, they are unlikely to casrry mor=z than 10-15 litres per
day, Beyerla observed the main constraints still hampering the
provision of adequate water supply and sanitation are the lack

of awareness of benefits and consequently the lack of social

acceptance of the present systems,
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Islam, Hug and othersad, in analysing the reasons for
non-usage of tubewell water for bathing, observed that water
use from privately owned tubewells is greater since they are
close to the kitchen, whersas bovt, tubewells ars 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 use tubewell water focr other uses. The
Rural Studies Projezct Group35 in their study of water use
patterns have mentioned that the axisting spatial distribution
of tubewzlls is generally poor and in faveour of the richer
households, lmproved accessibility is likely to lead to various

other uses,

Skoda, Mendis and Ehia8 obscrved a slight increase in
tubewzll water use with an increasc in socio-economic status,
According to their calculation 71,5 percent of the rural
people of Banglsdesh have floor ares less than 350 square feet
and only 7.4 percent people have floor arca over 700 sft, Water
consumption from tubzwells of the latter group of people is
slightly higher, he main reasons for non-usage of tubewell
water as given by the villagers during interviews are distance

of the tubewszll, water guality, traditionzl habit etc,

2.1.3 Source Selection and factors Determining the Choice
of Source

In the rural areas of devzloping countries, it is cheaper
to build for a short period of time and plan tc make addition

as future need demands, becauss no massive construction like




1.3

elevated tanks is generally necessary and any alteration and
addition may be made without any damage to the present system,
wWwanger and Lanuing found hand-dug wells very suitable for
rural areas, where a supply of a few hundred gallons of water
per hour is roquired &nd can be drawn from unconsolidated for-
mation through hand pumps or buckets, They have also suggested
that primary consideration should be given to the protection
of the quality of the natural water, selected in the design of

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

to them, ground water sources are better for rural water supplies,

Bangladesh is almost entirely 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
tubewslls is simple in all respectsaT, In bacteriological tests
of all types of sources in Banglad=sh, tubswell water was found
satisfactory in 70 percent of cases,whercas other sources like
ponds, rivers, ring-wells etc, all w=re fcund to be unsatis-
factory. Mendis, Skoda and Chia® pointed out that chances of
contamination of tubewells can be eliminated by taking appro-

priste measures,

To determine the factors affecting the choice of source,
Feachem35, in his study in New Guinea in 1973, Lee32 in Calcutta
in 1969, Frankel39 and Shouvanavirakul in 1973 in Thailand34
observed that women, who collect most of domestic water, in

selecting their source pick what they consider the best quality

for their families, A user's criteria may be more likely to
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include teste, tempersture, odour and appearance than consi-
derations of bacteriological quality. Water guality standards
differ from community to community. Apparently villagers prefer
water which tastes good and looks clean, but they are usually
ignorant of the possibilities of cantaminationag_ Water for
domestic purposes should be free from organisms, from concentra-
tion of chemical substances, from turbidity, colour and disa-
greabl=e teste37, The World Health Organization has recommended
International Standards nof Water QualitydD for a safe and accep-
table water supply, These targets are v-ry sophisticated,
Because of diverse economic and social conditions, these stan-

dards could hardly be attained in all cases,

According to dhiteau, distance walked, and time spent
waiting in 8 queue seem to be important factors in the choice
of source in an area, lt was found that the amount of water
carried from a stand-pipe does decrzase slightly with distance
which posgsibly indicates the presence of an alternative source,
Other considerations regarding choice of a source include tech-
nology, need for s bucket and strong arm of pump handle etc,
Whizeju and Fua:hem38 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 people,

| =
lThe Rural Studies Project GrcupBJ have poilnted out that

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

by a particular household despends obviously on the relative
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accessibility of the source, They found that use of tubewell
water is different in different places depsnding on the

presence of other competing traditional sources near households,

2,1,4 Number 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, however, b een great interest in the
determination in various arcas of the maximum number of persons
who should be scerved by one well.or one tagp centrally located,
Thig figure may be used to calculate the number of wells required
and to sclect the most convenient locations for these points in
a given community, Wagner and Lanoix20 made personal communica-
tion with some investigators in diffsrent countries and found
that criteria used in different parts of the world vary widely,
Ruiz, from Colombia, recommended a figure between 20-50 persons
per well, Wood, in WNigeria rscommended 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
330 ft. wWagner and Lanoix20 found reasonable to provide a well
for a maximum population of 200 persons, DHV consulting
Engineersdl have suggested that consideration should be given
to the distance between households and well in addition to the
maximum numbcr 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 water, absolute and relative lack of water, development
potsntial, per capita income and settlement pattern should be

consideread,

-

., 30 .

White has pointed out that rural concentrated settle-
ments nften have access 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,

Mandis42 in his study on bacteriological water quality
of tubewell waters in Hangladesh observsd that the average
number of users per tubewell producing contaminated water was
340, On the other hand averags number 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 water supply is recognised,
but little work has been done tn understand the influence of

these factors guantitatively on rural wat-r consumption,

Per capita water consumption under rural living conditions
of the developing countries has been found to be asbout 8-10

gallon per day., Factors that are known to be associated with
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water use are size of the family, income level, level of educa-
tion, cultursl heritage, climate and terrain, character of
water supply,; location and Aaccessibility of the source etec, The
studies also revesaled that quantity of water available and
physical quality of water rathsr than bacteriological water
quality determine the choice of source, Recommendations on

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




CHAATeR=-III

THE FIELD. sTUDY

3.1 General

The study includes visits to concerned organizations,
research institutes and government departments of India,
Thailand and Bangladesh to study tha existing situation,
selection of study esreas, and extensive field survey, This
chapter describes the preparation prior to the field work, the
survey guestionnaire, the choice of study area, the method aof
data collection, the sampling method, the field survey, problems

#ncountered in the field and the method of data analysis,

3.2 Preparation Prior to the Field sSurvey

uiscussiuns.ware held with teachers of environmental
engineering at odUET, AIT, AIIPH and HYGIENE and experienced
staff of UNICEF, WwHO, WEeRI, DPHE, and available documents
on the study were collected from the above sources to gain
preliminary ideas on the fisld 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 sultable set of gques-
tionnaires and to find out ths best method of data collection,
Thz procforma and guestionnairs which were designed for the
field survey were found almost usel=ass during the trial survey

in the field, A new proforma and guestionnaire were devizloped

on the basis of ficsld conditions,
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The proforma and questionnaire were translated from
English to Bengali, Ten Sub-Assistant Engineers and about
twenty five tubewsll mechanics of the Department of Public
Health Engineering we=ze engaged and several persons from the
locality were hired to help in various stages of the field

study,

3.3 Choice of Study Ares

In consultation with concerned persons it was decided
to conduct the final fi=1ld survey in different 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
fi=ld conditiong typical in Bangladesh exist in J~ssnre,Kushtia
and Khulna ~rzos, There 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 abgerved in Jessore, Clustered homestzads and densely
populatzd areas are observed in the elevated flat land in the
western part of Kushtia and Jessore, Th: socio-zconomic status
of the rural people of the areas 1s more or less comparable
with other parts of the country, There are szline problem areas

in Khulna snd iron problem sreas in Jessore and Kushtia, Sample
areas were selzcted from different Sub-Divisions,

3.4 Sampling Method and Sample Size

To study the offect of various factors on rural water

use and collection, different villag=s were selected for
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different types of study, after conferring with Sub-Assistant
Enginecers of the Department of Public Health Engineering of

th2 area, Villages were selected to esnsure that all types of

supply were present with diffesrent types of field conditions
and problems, In each village a hand pump tubewell was chosen
arbitrarily, and amme 10-15 houscholds using it, and living

at various distances from it, ware 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 general
information on villages and water usa chzracteristics, one
respondent was interviewed from each of the 409 households,

To collect specific information on water use and collection
from tubewzlls and other sources, 253 households were observed
for 703 household-days in different areas, composition of

samples has been presented in Tabl= 3,1,

3.5 Method of Collecting Uata

Data on water collection and use were obteined in two
ways, first, the preferred tubewell of the household was
observed between 5,00 A,M, and 8,00 P,M, for 2-3 days and a
record was kept of all water collection, The proforma which
was used for data collection has been presented in Aphendix A-2,
In some places other scurces were also observed and use of
water by the household was recordad, In cases of water collec-

tion and use without any fixed containerjto estimste volume,
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Composition of Samples
NMon'th o« of i Number of
. : LDCA”_GI! o of Special characteristic house- | household-
P obser- of the area/type of holds i days water
ke Village Thana District vation tubewell observed inter- | consumption
—t ) in 1979 viewed ! recorded
1 Meghl a Kotwal | Jessore | March Fey surface sources 25 K)|
3 present
2 Beneal 1 Jikar. u | Harch Exposed tubewell site 15 15
3 Noapara Kotwal § n | Apr & Oct | Beside river 10 50
b Biranpur " . | fpr & Nov | Beside river 10 50
5 Kirtipur, E Jikar. L | May Unexposed tubewell site 10 30
] Jikargacha f 1 | March Observed private tubewell 1 1
7 Jikargacha o u | Hov [ron problem area 10 )
8 Kirtipur, W " " | May Observed private tubewell] 1 1
9 Horalpara i “ | May &tov | Very exposed tubewell 10 0
10 Barakpur L L l May Exposed tubewell site 10 0
1 Avoynagar Avoynagar " 1 May [ron problem area 100 15
12 Narendrapur Kotwal 1 L Oct Nov Dec | Iron problem area 10 40
13 Sharsa Sharsa i i tHov Hlany surface sources 10 20
present
14 Bagharpara Bagharpara | L | Hov High dry Tand, densely 10 0
| popul ated
15 Bagharpara n ” - Mo High dry 1and 10 20
16 ¥o dhupur Jhenai dah . | Hov Area with extremely poor
! majority 12 30
17 Mongol bari Kotwal 1 Kushtia | May Beside river 10 20
18 An jhupi Meherpur f May & Nov | Family pump tubewell 15 50
19 Senbill T f \ May Family pump tubewell 10 30
20 Mominpur Chuadanga L . Nov High dry 1and 30 20
2 Jogot! Kotwal i b | Nov [ron problem area 6 -
22 Al ampur L u Hov iron problem area 9 -
23 Patharghata n Khulna Hay Low marshy 1and 10 K|
(West)
24 Patharghata " u Nov Low marshy 1and 10 k'l
(South)
25 Kasdia L H Hov Very scattered settlementy 10 0
26 Daul atpur " " Nov Saline problem area 15 20
21 Daul atpur " i Nov Saline problem area 30 -
TOTAL: f 400 03
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the number of strokes applied for collecting water was counted,
Containers used for water collection were observed and the
number of times used was recordzd, The capacity of the containers

was measured from time to time.

Secondly, the household was interviewed in the evening
(and sometimes at noon) and information was obtained about
water use over the previous 24 hours, At this interview, data
were collected not only on the total volume used but on the
type of use, both withim and outsid=z the home, and aon the
use 0f sources other than the preferred source which had

been observed,

Data on general information with respect to the household
and on present rural water supply facilities were obtained
through interviews with one respondent from cach household,

Information on water collection and use from private

tubewells was obtained with the help of a reliable family

member of the 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 the houschold and the second

part dealt with water use characteristics of the household,

A sample of the questionnaire, is presented in Appendix-A-1,
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3.7 Field Survey

The field survey was conducted with one guide from each
village., He was responsible for introducting each interviewer
to the respondent of the household, In most cases the housewife
was the rtespandent, The guide also hzlped in identifying the
water collectors during source obs=:srvation,

Some assistants were given training on interview methods
and recording water collection data. The author visited the
entire study aree and an effort was made to guide and check

the work of the field assistants everyday,

3.8 Major Problems

The problems encountered in thes fisld study are summarized

as follows:

- Women were reluctant to present themselves before an
intarvicwer,

- Villagers did not allow observation of sources from a
very close distance, to maintain privacy,

- Normal operstion of tubewells and water collection were
slightly stilted becaus= of our presence in the area,

- Containers of different sizes were used in water
collection, It was difficult to ecstimate precisely the

quantity of water collected,

- Observation of the source after sunset was not Easy.,
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- Recording of 8ll particulars on water use and collection

at the prak demand period was extremely difficult,

- Jater collectors sometimes changzd sources and it was

difficult to trace them,

3.9 Method of Dats Analysis and Preszntation

Simple descriptive statistics were used to analyse the
data to present the pattern of rural water consumption, Total
water consumption of a household from a source was divided by
the household size tc obtain the per capita consumption, It
was observad that asbout one minutz is required to complete
the round trip travel distance of 200 feet, where the source
is locat=d 100 feet distant, It was found more appropriats to
represent travel in terms of trav=l time for the round trip,
rather than distance covered , fFig, 4.19 represents the
variation on water collection of households from tubewells

with distance to respective sample areas,
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CHAPTER=-IV

FIELD OBSERVATIONS, DATA ANALYSIS AND DISCUSSIONS

4,1 Settlement Fatterns and Density of Population:

In Bangladesh, settlement patterns vary widely from place
to place. The following are the major different settlement

patterns, observed in the field:

(A) Scattered in the swampy depression areas where the houses
are built on artificially raised lands, dispersed and

isolated in thick bush areas,

(B) Linear along the levees of dead and dying rivers or along

the main thoroughfares,

(C) Wucleated and clustered with highly dense homesteads
on high flat land, rfigure 4,1 represents the typical

settlement patterns of the above types,

Density of population depends on settlement types in
habitable areas, Uensity of population of some habitable rural
areas has bzen presented in Table 4,1, which indicates that
density of population varies widely, Maximum densities are
observed in the sample areas of Meherpur, Kushtia, where
people are mestly poor labourers, Each family has only one or
two rooms made of clay and straw, Houses are built on high
land, Two to three households share a common yard and each

household is very close to the adjacent household,

Field observation shows that expansion of the present
habitable area is unlikely in the next 6 years. Therefore,

present population densities are likely to increase,
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Density of Populaticn of some habitable rural ar=as

srea 7| mietrict|  Typo of in hanatanle perar "
SR LALLM arez (persons/acre)

25 Khulna 6.0548
23 Khulna 6.5340
13 Jessore A(ilB_U68 5 sh i) 8.2328
7 Jessore acra 8,7991
5 Jmssore 10,2801
11 Jessore B.7120
26 Khulna 13,0680
2 Jessore 14,0263
12 Jessore 14,0263
20 Kushtia 28‘314> B> 13,068 16,2478
Jessore persons/acre 16,2478
10 Jessore 17,0755
3 Jessore 17.4240
Jessore 17.8596
4 Jessore 18.8179
16 Jessore 27.4428
14 Jessare 31,5374
15 Jessore £I>28_314 persons/ 33,9768
19 Kushtia S 42,1660
18 Kushtia 47,9160

Ref: Different valuss of density of population have been
classified into three groups approximately on the
basis of scattered,linear and clustered settlement,
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Table 4,2 represents the density of population of the
sample areas of Jessore-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 3s a centre, estimated
distance-populstion 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 of population, There-
fore the curves can be used in determining the total number of
people that can be served by one well, for a 7iven maximum
distance of tubewell from households in different types of
settlement areas, for example, 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 Jessore Sadar Sub-
division, Each tubewell will, theoretically, SETVE an area
300" in radius surrounding the tubewell, Table 4,3 indicates
that the Jessore Sadar oub-Division would thus require, to
serve a2 1985 population of 1,640,000, some 10,838 tubewells,

This represents 1 tubewell for =ach 126 persons,




TABLE-4,

2

Density of Population in *he Sample areas of

Sub-division

Jessore Sadar

31

sample|Density of Type of Averane Average dbserved
area population sattle- density density of area
no, persons/acre [ment i of popu- population No.,
| lation in|in 1985=P
i (persons/ |acre)
|
acre) /J
13 8,232 :
l
A 8.799
A 9,005 10,443 4
5 10,280
11 3,712
2 14,026
12 14,026
9 16,247
14 17.075
B 16.496 19,130 7
3 17.424
1 17,859
4 16817
14 31,537
C 32,7569 37.986 2
15 33,9768
1dp_ =P «x (l;DZS)G, assuming a 2,5% annual increase,
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TABLE 4.3

etermination of total number of tubewells required (1985) for a given maximun distance of 300 from
tubewell to households considering density of population and population figure of an area

Average density ~Percent Percent Taximun Tunber of Number of tubewells J Total Tubeuell
Type of popul ation Humber of observation population distance of person could in the area consj- required
of in 1985 area observed covered by covered by tubewell from be served by dering max. 200! ( 1985
settlement | (persons/acre) the type of the type of househol ds one tubewell distance between T/W § population )
1 1 | sett]enent sett] ement (in feet) 1 2/ and each household 1%
a i b c d e f : g 3/ h --Zg
] ] b . a+C ] Total populn. = d )
i '._sz:oo .nza‘cxmo ! = 7 x10(}
A 10.443 b 30.77 16.583 300 67,784 5012
B 19.130 7 53.95 53.264 300 124417 1035 13053
c 37.986 2 15,33 S (T 300 246,56 s 2006 ]
i B i " : ) d . . 4 E

From Table 4.2
From Figure 4.2

e e

Population in the rural areas of Jessore Sadar Sub-Div. according to 1974 census = 1,249,947, Cstimated population in 1985 = 1,240,947 x ( 1 + ,025) n
= 1,640,000 (approx.)

This represents an average of 126 persons per tubewell in 1985.

=

EE
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4.2 average Domestic Water Reqguirem=nt/Consumption

In the rural asreas of Bangladesh water requirement 1is
affected by domestic consumption together with the consumption
by domestic animals, Domestic requirements cf the rural people
means water requirement for drinking, cooking, washing clothes
and utensils, batheing, sanitary purposes, house cleaning and
polishing, Occasiorally a substantial quantity of water is

used for the preparation of rice from paddy. Water is also

used for kitchen gardening, Among domestic animals, cows and
goats are the most common, A reasonable quantity of water is

required for their drinking and food preparation,

Water use and collectiaon from public and private tube-
wells of 10 households at different places were observed for
three consecutive days, The tubew=lls were within the inner
compound or very close to the households, Those households
used tubewell water for all domestic purposes, Households were
also interviewsd at noon and in thes evering to gain information

about their water usage in the house,

The total average daily collection of households has
been divided by the population of the households to g=t the
daily average pesr capita water consumption under rural living
conditions. Table 4,4 represents the per capita water consumption
under various socio-economic and other field conditionsg, An
average of 10 gpcd consumption may be considered normal under
rural living conditions, Floor area, construction materials

of the house, approximate monthly income 2nd occupation of ths




TABLE 444
Per_Capita Hater Collection by Socio-Economic Status and Sanitary Facilities

28 i . - .

Floor Arep ; Roof .Appr‘ox. i Average Per capita

of all Wal 1 . average Occupation Total Household § collection
Sample roofed nade nade of monthly of the Rel1gion Tubewel Sanitary collection size (gpcd)
area dwellings of 1/ income househead facllity (gallon/ (Persons) 2/
(sFt) - (Taka) L day) N =
18 (3% fd 4 Stray 450 Labourer tuslin  { Fanily pump No 31.3 5 6.26
18 (3 b i 3 Straw 40 { Labourer § liuslin { Fantly punp | 1o { 3.2 6 i 6.37

1 1 4 b d s i
b 350-10 ] hud T Stray 800§ Farmer 1 Hindu  § Public j No 47,16 5 9.43
b 350~ 100 : Brick i Tali ] 1000 ! Farmer Fuslim Private 5 No 68.18 I 7 9. 7%
3 350~ 700 Fud Stray 1000 Farmer Hindu Public No 0.7 3 10425
b 350- 00 Bri ck Talf 1500 Farmer Hindu Public Mo 107.78 10 10.78
k 350-T00 Mud Tin ] 800 Service Hindu Public 3 Yes 60.00 5 12.00
; § ; H ; :

3% 350-70 3 fud § straw 1 1000 Farmer  §  Hindu 3 Public I C I N i 6 I 12.87
b } B-10 & Brick { LG i 1500 § Susiness 3 Huslin ,],Pubh'c i Yes 1 5405 i % 13,51
1 4 1 1 b
8 > 100 ;. Brick i (g J 1500 1 Business 3 fuslim 1 Private : Yes i 105,03 5 9 ] 11467

3_ e i ) ; ] i i
' o 10,29
N - - e __gped

Average domestic water requirement of 10 gpcd may be considered for design purpose
in tubewell water supply.

1/ L.C. = Lime concrete
Tali = Local name for tiles

2/ gped = gallon (U.S.) per capita per day

SE
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head of the house have been taken as indicators of socio-
economic status, The fisld observation found that 70% of the
rural households have floor area less than 350 sqft. and a house
made of mud. Water consumption of this class of people is
comparatively less then the others, This may be because they
have fewer clothzs to be washed, less food to be cooked and a
smaller floor area to be cleaned, Average water consumption

of the people of the villages of Amjhupi and Sembill under
Meherpur sub-division is approximately 25 percent less than
people of other observed areas, People of those places are

very poor labourers, They have only one or two small thached
houses, Water consumption for cooking, washing clothes and
utensils, and washing houses is comparatively less than the
people of othsr area,The =xact variation of water consumption
of various socio-economic cleasses of people ig difficult to
measure, becausz other factors also influznce water consumption,
It has been found that 86 percent of the rural people have only
Primary education or none at all and only 4 percent have more
than secondary education, The level of education may have some
effect on water consumption, but it isg also difficult to

measure this under rursl living conditions,

Sanitary facilities increass the p=r capita water
consumption, Approximately 1 gallon additional water per capita

is required for hand flushing water seal latrines,

Table 4,4 represents that Hindu people use comparatively

more water than Muslims for washing thzir kitchen and




37

other room floor twice daily; once in the morning and once in

the evening, with water and cowdung,

Per capita consumption varies inversely with household
size as represented in Table 4,5, Thig is because some quantity
of water is always used for washing, cleaning and cooking;which

is indepzndent of the number of family members,

Water consumption varies with s=asons of the year, Luring
hot days of summer more water is uged for batheinq_ The data
in the Table 4,4 rTeprescents the water consumption during the
month of April, A water consumption survey was also canduc ted
during winter in some places to determing the variation of
water consumption with the season, Water collection from tube-
wells also varies with the season, About a 20 percent decr=ase

of water collection from tubewslls was obgerved in between

summer and winter in scmc places, Table 4,6 and 4,17 represents the

water consumption for various domestic purposes,

4.3 Patterns of Rural wWater oupply

4,3.1 Types of sources Used

The type of water sburces are identified as follows:

(a) Unprotected: - rFond asnd diteoh,

- River and Stream, and

- Ring well or Dug-well,

Hand pump tubewell (shallow, deep,

(b) Protected:

Deep-set pump, Family pump tubewell)
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TABLE-&IS
Fer Capita Water Lonsumption by Household Size
Sample Distance of Household size Per capita
area the houseshold (no, of members) consumption
from tube well (gpecd)
(ft)
3 375 7 7.28
400 4 10.00
9 200 10 1,24
200 6 2.06
10 270 13 7.32
250 i 11,04
11 150 11 1.80
175 £ 3.00
16 150 8 3. 58
120 4 9.61
100 13 2270
B8
1 2 7 3.92
273 263 5
237 2 ]
23 315 9 3.78
300 g 5.00
25 430 9 1.65
430 4 2.990
26 455 ‘ 16 5.10
520 8 ' 10,20
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TABLE-4 .6

Average per capits per day water consumption for major domestic
BUurposes considering 10 gallon per Capita per day total consumption

= T
T ~LPurpose of | Wasghing " g : :
~~_ use | Drinking | C1othe Utensils | Looking|Bathing | Others
Quaﬂtity“\\\m j
In gallon 0,5-G.7 2.6 | 1.5 1.0 {3.0-4.0] 2.0-3.0
Ji
Percent of |
total ‘ -7 20 15 10 30-40 20-30
requirement |
TABLE-4,7
WWater consumption for some specific domestic purposes
Purpose of use Unit Quantity

in gallon

Rice preperation from paddy per 100 kg 20-25
Polishing floor and wall with per 100 sfi 2.0
mud and water (Muslim houses) once or twice

per week

wash the body of cow per cow/week 5.0
Cow (used in cultivation) per cow/day 5-7
fEEding

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

Goat feeding per goat/day 0.5
W%ashing legs and hands after per person per trip 0.5-1,00

working in field

Washing pitcher (Kalsi) per pitcher per trip | G,3-0.5

Rice washing and cooking per capita per day 0.8-1,00
(twice a day)

T . >
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In all the sample areas, most of the households have access

to both protected and unprotected sources, although the
distances to the sources are different for different households,
Table 4.8 shows the average distancz of the sources from the
households in different 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 other
sources 1s less, because people always cecnstruct ring wiglls
within their inner compounds, Moreover, since it is cheaper

to construct, wherever it is feasible, there may be several

ring wells in a locality,

The pond is the main traditional source competing with gr;
water collection through handpump tubewells, which is seen in
almost all arcas, Figure 4.3 represents the comulstive relative
frequency distribution of travael time of the households to
preferred water sources, which indicates that average distance
of tha houscholds from a pond is nearly equal in comparison
with a handpump tubewsll, On an avzrage 40 percent of the rural
households, have a tubewell within 200 ft; the figure in 1976
was 300 ft, within the last 4 years, the total number of tube-
wells has increased by about 50 percent, Only 20 percent of
the rural people have a tubewell within 100 ft of their houses,
The tim=z required to go and return from a source situated at
a 100 ft. travel distance is approximately 1 minute, Table 4.9
Bhows the types of sources used for various deomestic purposes,
which indicates that large quantity of water is collected from

ponds and other unprotected sources, for washing clothes and
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TABLE-4.,8

. ——

Typical average distance of VArious sources
from _the households (in feet)

Sample Average distance of thes source from the
area households (in feet)
Protected Unprotzctad
Tubewell Pond River ,_j Ringwell
25 296 330 " -
26 378 62 - L s
23 310 300 - -
20 161 340 - , -
18 178 482 500 78
A 265 - Over 1000 150
16 495 215 380 -
12 J13 247 ' - -

7 175 279 Over 1000 { llﬂ2
13 258 190 - ; -
14 130 152 - f 101

4 205 - 300 % -

1 210 500 - ; -
11 175 237 500 j &
10 195 - 200 ; -
Mean | 230”7 278" Morz § 110°
(in feaet) than 550! i

Fooct note: Table 4.8 only reprzsants typical information,
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TABLE 4.9

Hater Sources used by the Households (in percent) for Various Domesti e Purposes

o Washing Sanitary and

Sanpl e Season Drinking ! Cooking Tothee o - Bathing For cattle othar pupnosEs
area VT Other T/4. Other T/iL Other T/M Other T/ Other T/iL Other T/ Other

3 Ory oy 100 6 33 %5 % 55 85 15 20 0 1 % 50 i) 0

Rainy 4 100 O T 12 88 80 0 1 15 85 § 4o 60 60 50

. Oy 07 3 8 70 58 57 80 20 38 62 5% 46 12 28

Rainy 1 95 | 5 n 30 74 80 75 2 32 68 50 50 60 50

Ory | 100 o - 100 & 700 35 65 17 88 700 78 7

2§ Rainy 1 100 - SER N 1001 10 90 | 10 0 - 100 | 2 B

'13 | Dy 100 ; 85 15 61 29 50 50 30 [ 15 85 30 0

| Rainy 100 S 10 35 65 35 65 23 77 10§ 9 25 5
% Cry 100 3 - "1 & 3 H ] B0 17 55 i 20§ 8 50 60 65 35

Rainy 3100 - 3 W 1 e 3 12 1 8 t i 601 15 1 g5 25 5 60 i0

8 Ory [ A A 10 15 1 8 85 15 10 a0 90 10 100 =
Rainy 100§ - 1 @ 0 8 92 {8 A I 95 80 o 95 5

e Ory 95 5 1 90 10 50 60 65 35 15 85 71 79 50 50

Rainy 92 8 N 16 82 55 I 100 0 | s 50 60

0 Ory i 5 58 Y, 30 0 i3 I i) 0 - 700 70 60

Rainy 90 10 50 60 5 95 50 50 20 80 - 100 35 65

55 Ory 100 - 410 90 75 85 25 75 15 85 10 oy 15 85
) Ralny {00 3 - i o ks 3 CL . . SIS 3 2 e 2 10 L

2 Ory i 100 1 - 1 1 { 8 7 6§ oI 85 10 50 - 100 10 50

Rty 3000 3 - % w0 1 @ i s 95 5 g5 S N 100 T

Bean Ory ] 9.7 § 1.3 § 56 !‘ YR DT 71 {55 55 10 80 28 § 48 {52

T dRainy | 9771 23] W 53 0 12 4 88 0 56 13 87 23 77 Mo 5

Foot Note: The sample areas used in Table 4.9 are not fully compatable, since data for the areas were collected during different perfods.

EV
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utensils and for bathing purposes, unprotccted surface water
sources are preferable to rural consumers, But due to the
absence of sanitary disposal of excreta and non-hygienic
practices in the rural areas, most of the unprotected sources
are dangerously contaminatwd, Moreover, water levels fluctuate
widely with szasons of the year, During summer, when these
sources in many places becom= almost dry, tubewell water use
increases. In the rainy season, surface water use increases
again, Lhemical treatment or sanitary protection of these
exposed sources will involve a high cost and it is impracticable
in the rural areas, Ground water collection through handpumnp
tub=well is generally considered a safes and reliable supply of
water 1in rural areas as the chances of contamination are few,
bLxcept the hilly areas of Chittagong and Sylhet and the western
part of Rajshahi district, the water table lies presently
within the suction limit of handpumps, In the above mentioned
places and where the water table goes beyond the suction limit
of the normal hand pump, deesp-set pumps are used, Deep-tubewells
are installed where sweet water is not available at a reasonable
depth, Tubewell water is mainly used for drinking in almost all
these areas, Where tubewell water does not contain high concen-
trations of iron, it is also used for cooking, washing utensils
and some times it is used for batheing and washinag clothes,
Tubewell water usage decreases by 175 in the rainy season,
according to the interviews,

Table 4,10 represents the average per capites water

collection from tubewell both in dry and winter seasons as




TABLE 4410

Average per capita water collection from tubewell in dry and rainy season

N et

Sanitary and other
Ory

p— .

Drinking

LS .

Clothes
Rainy

P

Cooking

N

. :‘U’ceﬂsﬂ S
Ory Y Rainy

Bathing

Purpose of use
et ST T C3AL 4 E

SBaSOin_ e Rai nyb :
a) L
Present water collection ; .
fron tubewell source in
percent for the purpose

1/

N R

. |

O

Rainy ___ Ory Rainy

R aii’l-}‘_

.. -

56 89 : 85 20 i 88

o
©
.

—~

97.7 1w 12 Y 13 I

PP B i e (s PSP PR Sidasn .

b)

hvg. water requirement for
the purpose in pe[‘cen’c of 57 10 - 15
the daily per capita !
requirement 2/ s i
3 — e o vees 4

Avg. water requirement for { i i
the purpose in gallon per 4
capita per day i/

Awm. s Ee

240

6 . 28
) 100
tmount of water collected
from tubewell source for

0456 0458 0.60 0.96

the purpose in gallon

0.494 \
1 ' ]
i Goll'g []all'? 4 0-24 b b 0-66 i

()
.

w
w

0.82

per capita per day

PR

) HZd

Total per capita per day

collection from tubewell
(in gallon)

Ory

Rainy

Sy -..1.1 S

4,02 gallon/capita/day

3.07 gallon/capita/day

lean collection from tubewell

= 3.54 gped

Sat Bt sz

NOTE: 1/ Fron Table 49

P

e

g/ From Table 4.6 y Average domestic per capita per day consumption has been consi dered = 10 gallon

B
w




obtained from interviews of the households, Mean p=r capita
collection from tubewell is only 35% of the total daily
consumption, Tubewell water collection decreases by 23 percent
in thz rainy season, which has been calculated from the

obs=zrvations, which is clos=2 %o the 17, notsd from interviews,

Figure 4,4 indicates the 50 psrcent households have
tubewell watar collection less than 3,3 gpcd, Observation of
water sources have shown a mean tubswell water collection of
3.9 gpcd, i.e 39 of the total daily consumption, Th=z balance
i,e2 61% of ths 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 prrcent of the
ground water is being lifted by handpump tubewells, Depending
on the depth, handpump tubewells are classified as shallow or
deep tubewells, Normally hand pump tubewells are 1l inch dia,
and they are fitted with a ""o,f handpump" at the top, Recently
some 1" dia, very shallow tubewslls have been installed on an
experimental basis in some selectod places, which are fitted
with a "WNo,2 hand pump" (Plate-2). This type of tubewell is
known as' Ffamily pump” tubewell, Some of the salient features
of these pumps are briefly tabulatad in Appendix-B, Both types
of pumps are able to pump water from ground watesr source where
the water table is within about 25' of ths seat valve of the

pump, Two separate designs of the No, 6 hand pumps are available;
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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 rzpresents the average
yield of the pumps excluding av=rage loss and waste in collec-
tion, Loss and waste is high in Family pump tubewells, 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-3) used for the collection of water
in the sample areas, uwenerally, medium or a small pitchers and
buckets are used to fetch water when water is brought to the
house., Households living close 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 betwean 2,00-2,50 gallon, Figure 4,5
represents the sffect of travel time to source on volume of

water collected per journey,

The cost of installation of a Family pump tubewell is
less than the traditional handpump tubswell, 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 F3mily pump tubewell is lower for two reasons - low cost
of materials and low installation cost, However, a No, 6 pump
is about throse< times hcavier and thue more robust than a No, 2
pump, In fFamily pump tub-wells 1 inch dia, pipes ar= used in
place of 1% inch dia, pipe, Cost of installation of a Family

pump tubewell is about half




TABLE 4.11

Average Capacity of Ho.6 and No.2 Pump

50

Pump Number llos 6 - A No, 2
Type of Punp LOCAL (Haya Type) i Bxpertnental 1/
o i (Bangl adesh How lo.6) N
Heavy [ . . Heavy ‘ Heavy ‘

Type of Operation Hhiiiad ...._.’..[id.]f?_ Slow Hini s Hedium Slow thrust Medium Slow
Average strokes/ | 15 15 25 0 | 1518 2 20 50 50
minute - i R
Averacs yTdls 0.30 0.3 | 006 o | oas | 0.8 0.07 0406 0.03
(gallon)/stroke R )

Average yield 4,50- ., 640~ <
-‘(&a-” Oﬂ]/ﬂﬁﬂo 5.50 1;3‘1‘5““ 1.;-1 7.50 4.0 1.5 3'&) 3-0 1 X()
1/ This was designed in Bangladesh, and 1s a modi fied, scaled—dom, version of the flaya~type pump.
g‘/ The theoretical "swept volume" at a full 83" stroke will yield 0435 US gallons. It is assumed
that the energy imparted during a heavy thrust will create momentun sufficient to allow flow to
continue after the stroke 1s complete.
TABLE 4412
Containers used by 100 households for the collection of water
Type of container Pi tcher Kal s1) Bucket (Baltl). Others
_Size of container Big .. Jedium Smal 1 Big Hledium Small -
Average capacity off 3.6- 2015 15~ 1.5 140 Badna - 0425
containers (gallon) 3.0 240 140 . Jug - 0.50
Percent of water
_collections made 1 . B 2 . u . -




a1

Plate-3 Major containers used for water collection
from tubeawell,
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that of a traditional tubewell, The maintenance cost of a
Family pump tubewell is also less because spares are less
costly, Only a few buckets have been replsced in the Family
pump tubewells of Amzhupi, Meherpur in the first vear after
installation, the costs of which are less than taka 20/~ per
tubewell, Although the tubewells have baen installed for one

family, in most of the Places 5-15 households use one well,

Figure 4,6 shows that the maintenance cost of a tubawell
varies directly with number of users. The maintenance cost of
a traditional hand pump tubewell is about taka 45/- per annum
where approximately 160 people use the tubewell, Maintenance
COsts ars optimum for approximately 60 users for a aumber 6

type well,

# rough estimate from the above indicatss that the cost
of construction and maintenance of a Family pump tubewell does
not exceed 50% of that of a traditional hand pump tubewell,
Howzaver, where a "Number £" tubewell will serve possibly 150
People, a “wumber 2" tubewell will only serve 20-30 adequately,
This makes the PEr capita cost of the "Number 29" somewhat

higher than the "Number 6",

4.4 Factors Affecting Rural Water Usge Habits

1t has already been observed that the major portion of
water for various domestic Purposes is being collected from
Unprotected sources, In all sample areas households Were
intervieswaed to findout the reasons for non-usage of tubewell

water, The main TzasonNs are identified ag follows:
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Description

Type of problem

-~ Sufficient quantity of water is
available from surface sources (15%)

- Feel comfort in taking bath and '
washing cloths in pond and river(95%)

Traditional habit

- Tub=wzll is too far away (29%)
- Ringwell or pond or river is closer
to the house (49%)

Uistance of the
source

- More time is required in fetching
water from a tubewell particularly
for bathing and washing

- Washing and bathing not possible
at peak demand period (37%)

Time spent in
collecting water
and its use

- Tubewzll watsr tastes bad and has a
cloudy appearance (36%)

- Cooked food and clothes become
coloured (29,)

- Take more time in boiling rice

and dal (27%)

- Hair becomes sticky (58%)

Water quality

- Taking bath and weshing cloths on
small platform is difficult (40%)

- Tubewell site becomes flooded and
contaminated by waste water (19%)

Washing and bathing
facility at T/WL site

- Tubewell is situasted in an exposad
place; more time can not be spent
for washing and bathing by the
women for lack of privacy (60%)

Privacy of the
tubewell site

Rural people have an idea that tubewells are not for

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

przvents them from using tubew~lls for all purpose. Sometimes

caretakers do not permit others to use tubewell water for

purposes other than drinking,




57

4,4,1 Traditional Hesbit and Lack of Awarencss about the
Causes of Water Borne Digeases

Traditional habits passed down through the ages lead
rural people to use unprocectaed water from ponds,ditches,
rivers ®tc,, particularly for bathing and washing clothes,
Most people during interviews replied that they get personal
satisfaction in submerging thems=lves in rivers or pond water
for bathing, Some have the idea that tubewecll water i1s mainly

for drinking and not for all purposes,

Field observation indicates that most, if not all, use
tubewell water at least for drinking, At present they have
an idea that if they use unprotected wat=r from ponds and
rivers for drinking, they may be attacked by germs of cholera

or diarrhoea,

However, they are totally ignorant about the dangers
resulting from the use of unprotectzd wacer for other domestic

purposes, A lack of health education is responsible for this,

A centuries old traditional habit cannot be changed
rapidly, Better facilities such as a tubewell water supply

should be provided to encourage them to using tubewell water,

In addition, an extensive general education programme is
needed, People should be motivated through health education

activities, A long term appropriate programme should be planned,
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4.4,2 Time Reguired in Fetching Water from the Source (T/WL)

Wwater consumption from a source varies with the time of
day. A peak demand period between 7.00 and 10,00 A M, is
observed in most places. Figure 4,7 represents that on an
average, 14 percent of the total watzsr collection journies are
made betweszn 7,00 A,M and B A,M, It can be also seen fram
Figures 4.8 that 50 percent of daily total collection journies
are made within the first five hours, Since at peak demand
period, comparatively more people a2ttend a tubewell within
a short interval of time (Plats-4), it tskes several minutes
to fetch water from tubewell, In onsa place 19 collection
journeys were made within 8 minutes and some water collectors
waited 10-15 minutes at tubewell site., The maximum time
required to fetch water from tubewell at peak demand period
depends on, how many users there ar: to the tubewell, Table 4,14

represents ths variation aof waiting times,

Long delays at tubewell site naturally discourage a
water collector, who often prafers to use nearby unprotected

sources instead,

Ficld observation indicates that households living close
to a tubewell use it more frequently but collect less water
Per trip than houscholds living some distance from the tubewell,
Variations in numbers of collection journies and volume of water
collectzd against distance have been presented in Fig, 4.9 and
Column (e) of Table 4,13, which indicates that the per capita
daily collection decreases with distance of househald from

tubewell,
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TABLE 4.13

Effect of travel tine to source on per capita collection, volume and on
total time of collection

=) 1) 0) ) Ny G BT ) 0 0) )
; Total Average Average Time required §Tine spent Total Time spent
Distance Average 3 Average volume of per capita reund trip 4 to fi11 the {in washing time Total time | 1n percent
of the number of volume of water collection § travel time {container with Jand placing spent spent per of the
househol d collection water collection per day to source water (in c) the container per househol d available
from journies collected per house- (gallon) (min) per trip per time trip = per day working day
tubeyel1 per house- per trip hold per day (nin) (min) fegeh =1 xb
(feet) hol d/day (gallon) (gallon) Y _.____‘%/‘ \?-L/ L Y (min) (nin) 5/
0-100 | 8 2,00 56 8.00 Ded 0.50 0.66 ] 1.66 46,48 5.16%
r [
100-200 19 2.50 47.50 6.79 1.5 0.625 0.66 2.29 43,51 4,837
200-300 1 2.60 28.60 407 2.5 04650 0.66 3.78 41.58 4.627
300-400 8 2415 22.00 314 3.5 0.688 0.66 £.85 38.80 4.31%
400-500 i 4 2.15 11.00 i 1.57 b5 0.688 0.66 5.85 23.40 2.60%
0-00 4 2§ am ] s i 0.l | 5.5 0.680 0.66 6.75 13.50 1.50%
i ] - i i - b —
Considering average househol d size 7 .%/ Round trip travel time for 2 travel distance of 100" §s approximately = 1 min.

About 40 second is required to yash and placing the container at T/ sfte.
Available working day is from 5.00 asie to 8400 pem. = 15 hours

Y

3/ Considering average yield fron a T/W « 4 gall /nin.
4/

5/
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Table 4,13 also iédicates that total time spent in
collecting water from a tubewell p=r day per household living
within 400' from a tubawell does not vary significantly, A
hous=hold living some distance away from s tubewell makes
fewer collection journeys, collects less water but spends more
time in round trip travel to source than the households living
close to the tubewell (Plate-5), The total time spent in
collecting water is only a fraction of the daily available

working day,

As presented in Appendix-C-1, if people collect their
entire dom=stic requirement of water, 10U gped, from a tubewell,
then only to collect 2.5 gallons of water per trip, approximate-
ly 1,30 minutes will be required at the tubewell site, Under
such éonditions 160 people cannot be satisfied by one tubewell,
Moreover since people never visit a tubewell regularly through-
out the peak demand hour, they will have to wait for some time
in fetching water even if the numbrr of users is kept limited

to 80, say.

To avoid any long delay at thz tubcwell site for fetching

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

than half of the above figure,
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Plate-4 Heavy rush at tubewell site at peak demand hour,

Plate-5 Water collectors from long and short distances
to a tubewell,
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TABLE 4,14

Effect ¢f pumber_of Ustrs on maximum delsy at tubewell
site at pesk Demand period for one trip

Number of users of a tubewell Average maximum delay at
tubewell site (in minutes)

About 40 households (280 persansh 15 -« 20
T T T )‘Jﬁ"_w‘_ﬁm _ 15

20 " (140 L }E 5 - 10
-_kﬁ“_MMIEEM—L:__MM_+_F;E " )? Less than 5 minutes

I

The table above represents the present field conditions,

4.4,3 wWater Quality

Tha physical quality of water Plays an important role in
the selection of saurce and water use from it in rural areas,
Bacteriological quality carries little importance to the rural
people, since they prefer Water which tastes good and is odour-
less, and which does not change the colour of food or stains

clothes,

Iron and chleride content in ground wateor collected
through handpump tubewells in Bangladesh is genctrally high and
in some places the concentration is at a much higher level than
the limit acceptable to the rural People, People of those

areas generally refuse to usge tubewell water and opt.for pond

and river waters,
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Detail studies on water use pattorns were carried out
in some iron and chloride problem sr=as of Jessore, Kushtia
and Khulna districts, In one iron problem area of Jessore, one
hundred households were interviewed about their water uge
habits, There were B public and 2 private tubewells, 3 ponds
and one ring well in the area, In addition, the river "Bhairab"
Tuns very close to that placs, The average iron content in
tubewell water was 6 mg/l and 77% of the total househclds
surveyed had a tubewell within 700 ft. Most of ths people of
that locality were farmers or labourers, The water use habits
of the people of the locality have been presented in Table 4,15,
which indicates that other than for drinking, pond and river

water uses are prominent in iron problem areas,

[n one saline problem arca of Khulna twenty houscsholdsg
around thres tubewells were interviewed about their water use,
which have been Presented in Table 4,17, Chloride contents of
the tubewell water were 818 mg/1l, 1900 mg/l and 2300 mg/1
respectively, Thore are about 10 ponds and ditches in the
locality, The first tubewell is a deep tubewell and all people
of the locality use its water at least for drinking, Peopls
from over 3000' distance come to the tubewell for collecting
water, Per capits water collection by the households from the
tubewell have been Presented in fFigure 4,10, Water collection
from the other two tubewells is very low, Only four households

living very close to the tubswell use its water for some

sanitary purposes,
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TABLE 4,15
Water sources used by thes house holds (per cent) for various
domestic DUrposes in an iron problem area
Water use Scasons| Tubed] Ring-] Pond | Ricoc | Rain
well well water
Urinking LTy ] 99.5] 0.5 - - e
Ra1ny 99.5 0.5 ‘ - - =
Cooking Dry 8. | 1 ) 22 69 -
Rainy 8 1 23 68 -
Washing clotheg Hxy 4 - £0 76 S
Rainy 3 1 2.3 73 1
Washing Utensils Dry 19 1 e 62 s
Rainy 18 | 1 20 62 -
For cattle Dy Af 2 22 80 -
Rainy 4 2 22 80 -
Sanitary Dry 17 | 20 65 ] -
Purposes Rainy 17 : 20 65 £ ~
I
TABLE=-4 e

Reasons (pe =rcent) for non-usaage of tubgwell water

in an iron problem area

Teste | Causes

; !
Aesthetic ! Stains Odour !
J clothes ‘ constipation
1
j

(colour)
and utensilsg

90 68 28 38 1

|
|
I
,1
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4.17

Water Sources used by the houszholds (in percent) for
various domestic purposcs in s2line problem ereas

Source | Drinking Cook ing Laundry! Washing Bathing Sanitary
utensils and other
Tube- 100 1646 8.5 9.8 0 8,5
cuNEL ] . | I——
Other 0 B3.4 94,5 94,5 100 94.5

During the intezrview of households, People expressed
thzir opinion about the causes of the non-usage of tubewell
water in iron and chloride problem arsas. The Treasons mentioned

by the people of iron Problem arcas are Presesnted 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 Jessore,
Khulna and Kushtia, some households were interviewed about
their general opinion on averall water quality, Their opinion
has been plotted in Fig, 4.11 and 4.12, against the chemical
content of the tubewel]l water they use, It is observed that
Tural people use hancpump tubewell water having an iron content
less than 2 mg/l and chloride content lass than 400 mg/1 without
raising any specific ocbjection and they consider such water as

good,

In addition tg the interview of the hDusethds, four

tubewells at different sites which yield water with iron

concentrations of about § mg/l wers abserved between 5,30 A.M,
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and 7,30 P,M, The rate of water collection from the four tube-
.

wells at two places has been pPlotted agesinst distances in
Fig. 4,14, The curve indicates that the maximum average per
capita per day collection from the four tubewells in iron
problem areas was only 2.5, gallon as against an averags of

10 gallon per caplita per day consumption under normal rural

living condition,

In order to determine the effect of improved water
quality on water collaction;some Community Type Iron Removal
Plants have bzen designed and constructed at two tubewell sites,
(Plate 6 and 7), out of the four previously obscerved tubewells
which originally yielded water with iron concentration of

around 8,00 mg/1,

The detail design of the iron r=moval plant has bzen
shown in Fig. 4,13 and the performance of the plant has been

Presentzd in Table 4,18 and 4,19,

The plants shown in Figure 4,13 consists of four units-
aeration channecl, sedimentation, adsorption and filtration
chambers, The aeration channel (A) is madz 4" PvC pipe partially
filled with brick chips (called khoa locally) and is slotted
at 1ts upper side, Water discharg= through the mouth of the
tubewell passes over the khoa becoming partially aerated, and
than drips in the sedimentation chamber (B), In the sedimen-
tation chamb:er water falls on ths charcoal bed at the top,
which provides further Aeration, 3ome portion of preciptated

iron flocculant settles at the bottom of the sedimentation
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TABLE 4,18 7

Field analysis of water sanp]
AN, 2 Y. -

es and performances of jron removal plant
a F— x - s

SR s e i A e l
! Iron Content (ng/]) ! Yield (galls/nin) from Average 1 Length
Plant increase of
}...-.;_-.“.xn.- - . v -
Sanple ¢ no. Ircated later — T — In water run
area Wi th Raw Contf= [ Inter- ‘ on Pefinval gl an collec- § betyeen
i Tubewell B 1
filter water nuous nfttent ni 14l Fnal tion cleaning
material s srnmscanduall®pIng { pumping | r?“_i“__ - s (gpcd) (days)
1 [y
. 7 khoa Dn‘i‘x_‘_u‘?"‘_ﬁ‘. 2-0 1.14‘ ) ) 5 3:;)“.‘.. ?.5 1-61 20
2
12 sand 7.6 0.6 0.4 5 2.5 1.5 2425 15
gravel
- kho a i B S S ‘“H-IJ-‘-'J“ = e Y - -~
TABLE £.19
La_b_qmmry analysis of water samples in Plant No. 2
(th internittent pumping)
.ol i ssol ved Total Total |
:2’:; Iron €0y Alkalinity Manganese hardness | Chloride 00 pH
- (ng/1) (ng/1) (ngf) 1 (ng) (mgA). | (ng/) (mg/1) val ue
Raw 8.00 130 8 nil b 100 32 6.8
water s o . . o
freated 0440 60 f 4z nil M0 100 24 7.3
water | A L s

NOTE:  The Dissolved Oxygen (D0) 1evel is Tower in the treated water because of di ssolved C0p being driven off.
This has the effect of allowing Ferrous 1ron 1n solution to precipitate with the help of 00 and absorbed
oxygen in the process.. Seo Ahmed, Farooque and Atmed, Feroze, "Iron Problems in Rural Water Supply in
Bangl adesh®, presented +o 24th mnual Convention of Institution of Engineers, Dacca, 30 Oecember, 1979,




chamber, Water from the sedimentation chamber enters into the

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

flows upward, omall particles of Precipitated iron floc

adhere to the surface of the khoa in the adsorption chamber
8nd 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), where most of the remaining pPrecipi-
tated iron is filtered and water which is 8lmost iron free isg

discharged through a 14 inch diameter bent PVC pipe (E),

About 90% removal of iron has bsan achieved from the
Plant, The approximate cost of construction is about taka 400/-
which is about 11% of the total cost of a8 New tubewell, Fost
construction water consumption from the plants were observed
and these have been Presented in Table 4,20, An average increase
of just under 2,0 gallon per capita per day water collection
has been observed, The rate of increase depends on initial
consumption, This water is generally utilised for cooking,
washing clothes ang utensils etc, Ther=fore, by spending about
1l more in the tubewell project in iron problem Arfas, about
an 80 parcent increase in watsr coll=sction from tubewells will

occur,

If in future Per capits collection increased to 10 gallon,
then in order to maintsein the prasent length of runs betwean
Cleaning of the plant, users P2r tubewzll must be kept limited
to JU person ag indicatead by Appendix -2, Hlternatiuely, the

plant will require more frequent cleaning,
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TABLE 4,20

g;;;atig__;L__ ater collection from tubews=ll _due tg_rwductigﬂ of
1rcn _toncent .ration
Sample ;UistaHCc of fﬁac r collaction fram Increased water
area househsolds L tubcwaL; ] . collection
from tubeg- ju-ForP iron ; \fter ironfPer household Average
well , removal I remo val (gpecd) { gpcd)
{ ft) ! (gpecd) ] gpcd)
? 33 j 5. 08 J 6,78 1,56
]
100 f 3.23 } 4,46 1,26
150 ‘ 1,17 ! 2,42 1,25
7 |
(Jikar- 182 ? 7.29 5.43 2.14 1.61
gacha
250 ! 2,48 3. 33 0.85
300 ; 3,47 | 6.24 2.77
132 f 3.62 5,00 1,38
145 [ 3.43 5,10 1,67
P . ‘
60 ( 1,67 * .87 2,20
80 | 1.15 ! 3,43 2.28
1
40 ' 1. 38 ’ 3.84 2,46
120 j 0.75 | 4,45 3.70
12 '
(Shaka- 130 ' 0,76 3.89 3.13 2.15
rigati) f !
180 ! 0.42 ] 2.0 1,88
|
200 | 0,50 1.61 3,11
l
' 2410 0,21 1.87 1,66
f 255 0.61 1.55 i 0.94
J !

Average increass of tubewell wat=r collection = 1,90 gpcd,
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4.4.4 Platform UDimensions (Bathing and Nashing Facility
at the Source) k

For drinking, cooking and generally for sanitary purposes,
water is brought to the house by contsiner from the source,
But for bathing and for most of the time for washing purposes,
water 1s utilised at the source, A sufficient quantity of water,
about 50 percent of the daily domestic total consumption, is

used for these pPurposes as indicated in the Table 4.6,

Rural people do not get the opportunity to utilise this
large volumz of water at present on a small tubewell platform
(Plate-8), which has inside dimensiong of 2'-9"x2'_g" only, If
some one wishes to bathe or wash clothes on the present type
of platform, water splashad makes the tubewesll site muddy, for
which rzason most of the tubawsll carztakers forbid bathing
on the platform to kesp the tubewell site clean and dry, In
addition, at the peask demand period whzn seversl people attend
8 tubewell within a short interval of time, people do not get
the opportunity to spend time for bathing and washing on the
tubewell platform, because only one person can use the tube-
well at a time and bathing carries a lower priority than
drinking, This situation forces the Users toc use unprotectad
sources for bathing and washing, Further, a sufficient quantity
of water can be obtained from other sources at the same time

as drinking water is being collected,

In one sample ares where thers is no tubewell placzform

(Plate-9), water use at tubewell site was observed to be only




Plate-8 Wwashing and bathing
small pPlatform,

Washing and bathing ig ve

ry difficult at

tubewell is no Platform,

site where there

g1
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10 percent of the total collection, by the houscholds around

the tubewell,

To allow People to have more spaca for washing and
bathing, an extension of the Present platform has been effected
in two sample areas (Plate*lD), as per the drawing presented
in Fig, 4,15, “ater collection of some households around the
tubewells were obgeryed for several days both in summer and in
winter before and after constructing the extented platform,
Distance-tubswell water collection curves for both conditions

have been plotted in Fig, 4,18,

Fost construction condition shows an average increase of
1,51 gallon per capita per day of tubuwell water collection
within 500 fget radius from the tubewsll, ag indicated by the

Table 4,21,

The rate of water collection increase with distance hasg
also been presented in Fig, 4,16, which indicates that the
rate of increase is higher for households living closer to
the tubewell, Thig additional wat=r W3s sometimes utiliged
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 dong with tubewell water,

Fhe cost for the extension of thea Present platform ig
approximately Taka 175/-. Thereform, by spending about 5% more
in a tubewell Project, an increased tubewell water use of 12

percent of the daily water consumption may be achieved in

many places,
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Plate-10 An extension of the

Present tubeswell platform,
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TABLE-4,21

Variation in water collection from tubewell before
and after constructing bigger platform

Sample Distance of Water collection from Increaged water
area househaoles tubewsll collection
from tube- Before Aftaer Per house- Average
well (ft) constructing [constructing | hold (gped) [( gpcd)
bigger plat- bigger plat-
| form (gpecd) |form (gpcd)
60 9.43 12,00 2,67
100 12,00 14,00 2,00
3 100 Lr, 50 12,00 1.50
(Site-),
Noepara) 120 2.92 4,50 1,58
260 I 6.53 1.20 1.42
300 2,20 3.00 0.80
500 2,70 3.00 0.30
30 11,72 13,50 1,18
4G 10,79 12,86 2.07
150 10,25 12,00 1. 15
4
(Site-2| 180 3,10 5,50 2.40 1.60
Biranpur)
375 4,60 6.70 - i
400 6.00 7.00 1.00
505 3,74 3.86 0,11
Average per capita increase of water collection(Q) = 1,51 gpcd
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An important phenomenon is that on this new bigger plat-
form, one person can operate the tubewell for collecting water
by container and another can takes his bath or wash something
at the same time with previously collected water; i,e two
people can utilise th- tubewell platform &t the same time
(Plate-11 and 12), which is not possible with the traditional

platform,

\
lo allow people more timse for bathing and washing, the

number of users per tubewell must be kept limited, in addition
to the construction of & bigger platform, As presented in
Appendix-C-3, 20-25 users could be served by one tubewell, if
bathing and washing are done on the tubewell platform of the
present type, If the modified type is used, some 55-60 people

could be served adequately,

4.4.5 Location and Surrounding Environment of the Source

Women are the main water collectors in rural Bangladesh,
They fetch water for the house from the source by containers
mainly for cooking, drinking and sanitary purposes, They do
most of the wark of washing clothes and utensils, Classification

of the water collectors of five sample areas have been presented

in Table 4,22,
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Flate-1l1 Two persons utilizing th=s tubewell site at a time,

Plate-12 Bathing on the extended tubewell platform,
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TABLE 4,22

Clagsification of water collectors in five sample areas
in percent of water collzction journeys made

Male remale

Adult Minoxr Adult } Minor

11 4 64 ' 21

Note: Minors are 15 years and und=xr,

The table indicates that in B85 percent of cases water
collectors are female, They do not likes to expose themselves
to strangers on their way to the source, Particularly women of
respectable families of the rural areass do not like to come
out of their house in open or public places for collection of
water, Field observations indicate that water collection from
tubewells located in 0pen or public places is much lower than
from the tubewells located in unexposed covered places or from
private tubewells, Un an average to provide one tubewell for
160 people, Presently public wells ar-: generally installed by
the side of main road, in a road junction or in an open public
place (Plate-13 and 14). Rural wamen usually fetch one pitcher
of drinking water only in ths early morning and another in the
late =vening hours from such a well situated at a public place
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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Tubewell site by the side of a main road,

Plate-14
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For lack of privacy at an exposed tubewell site, rural conser-
vative WD%D not like to spend time for washing clothes and
utensil, Bathing is actually impnssible for women at exposed

tubewell sites,

The environment surrounding the source, i,e whether the
tubewell site is muddy or dry, has an influence on water

collection from it,

In order to determine the effzct of privacy of the source
on water collection from tubewells, an arrangement was made to
creste partial privacy at three expos=d tubewells by constructing
tarja fencing (Flate-16), Water collection of some households
around the tubewells wers recorded for four days before and
after constructing the fencing. Figure 4,17 represents the
effect of privacy of the source on water collection from it,
Wwat=zr collection dats have been presented in Table 4,23, Post
construction conditicn of the fencing shows an average increase
of about 0,7%gallon per capita per day water collection, within
500 fzet radius of the tubewells, This excess amount of water
was utilised mostly for washing utemsils and sometimes for

washing clothaes (Plate-17).

The actual privecy of the source can only be maintained
where th= tubewell is located in an unexposed or screened
place, Water collection from such a tubewell will naturally
be more (Plat=-18). To maintain privacy, one tubewell should
be installed for esch household or in a suitable central place

between two toc three households, where the households occur
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Plate—lS‘ Rurzl women hesitate

to go to exposed tubewell
site when many people

movz along the road,

Plate-16 Arrangsment for partial privacy at tubewell

site by constructing tarza fencing,
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TABLE-4,23

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

Sample | Distance Water collection from Increased water collection

area of house- tubewell
holds from|Before After Per house- ‘Average
tubewell |construc- constructing | hold (gped) (gped)
(ft) ting fencing(gpcd)
fenting
(gpcd)
45 9:15 8,75 0
85 6.50 8.50 2,00
77 5.30 5,50 0.,2C
100 3.50 4,50 1,00
160 5,00 6,00 1,00
AR 260 3.50 4.25 0,75 U, 745
270 4,00 5.00 1.00
350 0,75 2,00 1,25
355 2,50 3.00 G, 50
380 1.00 1.00 0.00
420 2,00 2,50 0,50
50 3.00 3.80 g.80
100 2,10 3.00 0,90
100 2,06 2,20 0,14
100 4,40 5.10 0,70
9 | 150 2.80 4,10 1.30 0.602
150 2,54 2.90 U, 36
200 1,60 2,40 0.80
200 1.90 2,06 0.16
250 1,80 2,06 0,26
42 3.28 4,44 1.16 4
130 1,28 3.49 2,21
130 3.40 4,52 1,12
180 1,31 1,59 0,28
10 250 0,47 1,68 1,21 0.913
270 .51 0.61 0.10
425 - 1.94 2.80 U.86
505 2,43 2.96 0.53
506 2,90 6.65 0,75

water collection(V)=0,753 gpcd

Average per capita increase of




98

Plate-17 Woman washing utensils

at fenced
tubewell site,

Plate-18 Woman bathing at protected tubewell site,
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in a cluster, Based on threz to four households, at 6-7 per

household, and tubewell site beina fenced, than 20-25 people

at the most could be satisfied by one tubewell,

4.,4,.6 Distance of the Source From Households

Figure 4,14, 4,16 and 4.17 clearly indicate that per
capita collection from a tubewell decreases gradually with
increasing distance of the households from tubewell and users
are inclined to use Nnearby unprotected sources to meet thedir
daily domestic water needs. The most important factor which
controls the amount of water collection from a tubewell is the
Presence of other competing traditional unprotected sourcesg
like ponds, rivers or ring wells etc, near the households, It
has already bezn mentioned that most rural people use tubewell
water at least for drinking, But usage for other purposes is
affected by many other factors like watsr quality (Q), privacy
of the source (V), washing and bathing facility at the source
(P) etc., Figure 4.19, indicatss that the more acute the various
problems are, the more unprotected water sources will be used,
The absence of an alternative source in the vicinity, howsver,
compels the users to use tubewell water, Water collection from
alternative sources not only depends on vsrious problems in
the tubew=ll water supply but also on its availability i,e the
average distance of unprotected sources from households,
fFig. 4,18, indicates thst the closer the unprotected source

is from houszhold, the lower is the amount of watar collected

from the tubewell,
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The ratio between "distance from house to unprotected
source" and “distance from house to tubewell" also plays an
important role in the selection of source, When the ratio ig
less than one i.e the Unprotected source is claoser to the
household than isg the tubewell, +hen water collection from
the tubewell isg less than the collection from other sources
as indicated by the curves 2, 11, 24 and 25 of Fig, 4.19(a) ,

4,19 (b), Figure 4,18 indicates that when the distasnce of both
types of sources from households are the seme, only 35-40% of
the daily domestic requirement of water is being collected
from thz tubeswell, water consumption from both tubewell and
pond of some hous=holds for three consecutive days have besn
recorded and presented in Table 4,24 and Table 4,25, Average
distancz of both types of sources from the households are nearly
the same., Table 4,24 indicates that 34% of the total daily per
capita consumption was made from tubewell and the rest from the

pond,

Quantity and physical quality of water, in addition to
distance from an unprotected source dstermine the amount of
water collection from it, It has been obs=rved in most of the
Cases examined %that among the unprotected sources, ponds and
rivers are preferable to the ringwell for uscrs, since a large
volume of watcr is readily available from the former, Curves
7,14,18 of Figure 4,19(b),4,19(c) indicate that although ring-
wells arz closer to the hous=holds than tubewells, water collec-

tion from tubewells hss been found greater since the ponds are

not closer +han tubewells,
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TABLE 4.24 105

Distance of | Per capita Distance of Per capita Total
tubewell per day nearest per day collection
from house- | collection unprotected collection (gpcd)
holds( ft) from tube- source (pond) . from pond
well (gped) from households (gpcd)
{ #£)
50 5,40 360 4,86 10,25
90 4,80 360 4,58 9,38
240 5.00 500 4,50 950
375 3.05 325 4,93 7.98
380 6,00 330 4,70 10,70
270 235 75 8.93 11.28
280 1,30 65 9.79 11,09
420 1,69 400 8.20 9,89
430 1.68 410 8,11 916
430 2,99_ 410 8.08 11,07
MEAN =29g" 3,42 3241 6.67 10.09
In percent
of total 34% 66%
Collect%on ok - o

Water consumption (in

TABLE 4,25

percent of total reguirement)

for various

purpogses and the so

urce and place of use by the households of Kasdia

Source At source site At home
used
Tubewell 4% = Washing hands and face 5% = Drinking
34% ' 10% = Washing utensils
2p_= Washing utensils _;Q%_: Sanitary and others
7 2870
Pond 30% = Bathing 10% = Cooking
C
R6% 20% = Washing clothes
3% = Washing utensils - 3% = Sanitary and others
53% 1376
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Curves 13,26 of Figure 4,19(c) indicate that although
there are several problems in tubewell water supply in the areas
studied and the unprotected sources are very close to the house-
holds, yet tubewell water consumption has been found comparatively
greater than in other arcas, as the water quality of the unpro-

tected sources are not as acceptable to ths consumers,

Curves 3 and 4 of Figures 4,19(a) indicate that whare
ther= are fewer problems concerning watur quality, privacy and
platform dimensions of the tubewell water supply, where average
distances of the unprotected sources are more than three hundred
feet away from households and the 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
tubewsll water is associated with acute problems, then by
improving thes water quality, on an average, tubewell water
consumption may be increased by upto 1,90 gped., Where privacy
(V) of the source is an acute problem, by creating partial
privacy, on an average, 0,75 gpcd increasz may be achievead,
Whers theres is small 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 be achieved, Where the problems
are not so acute, increased water consumption for better water
quality (qg) better privacy (v) may be consider less than the

above mentioned values,



Now, to provide for the collection of a 10 gpcd water

requirement from a tubewell, the abovs mentioned problems in
tubewell water supply must be e¢liminated; moreover there must

be 8 tubewell within 120 to 170' from each household where the
average distance of unprotected sources from the hous=hold lies
betwezn 300 and 500', within 115' where average distance to
unprotected source from the household lies between 100' and 300°',
and within 60' for less than 100' average distance to the
unprotected source from the housshold as represented in Table 4,26,
As per Figure 4,2 in the first case 20 to 40 people, in the
second class on an average less than 20 and in the last case
less than 10 people will be benefied by one well, Table 4,26

also indicates that where there are many unprotected sources,
more tubewells should be installed and the tube-wells must be
closer to the households than other sources, for there to be

a8 greater use made of tubewells,

From Table 4,8, the average distance of ponds from house-
holds is about 300' and average distance of rivers from house-
holds is over 550' in the study ares, In the rural arecas genesrally
pond water use is very common, Therefore, according to Table 4,26
and Figure 4,2, tc ensure more utilization of tubewell water,

a tubewell should be in the range 120'-170' from each household
in most places and on an average one tubewell is required for

20-40 persons, for optimum use,



TABLE 4.26

To provide 10 gpcd tubewell water supply, maximum distance of tubewel ] from househol ds

under various field conditions

(Average distance of unprotected sources 3002500°)

ST

y From Figure 4.19

Expected increased water collection Present .Cor‘r‘esponding Maximum
Average Ratio of tubewell for following improvenent (_%g_i_) minimum distance of distance of
§ di'stance to; average - Platforn . collection househol ds 1 tubewell for
frve § unprotected: distence of il Q”“my dinension Fiotdey i oo Ss from tubewell§ from tubewell § 10 gped
] : Total !
. water 1  unprotected Q q P v v — to meet () collection
&mplel sources source to 10 gped i from tubewell
e (s s) tubewel] (1.90 goed) § (1.00 E}f_cfi) (1450 gped) (P.?5 gped) § (0.40 gpcd-)ﬁ » . — :‘_]{ (#t)
1 500 1:2.38 1.90 - 1490 0.75 - 4,15 5.85 170!
J 350 12195 - - - - - 10.00 1421
16 315, 380 § 1:27.61, 1:1.95 - - 1.50 0.75 - 2.25 1.75 1251 120-170"
b 00 | 1:1.6 _ - - 0.75 “ 0.75 9.25 120!
5 300 ; 12141 - - 1450 0.75 - 225 115 - s
(Avge distance = 100'-300")
5 275 111,37 - 00 1.50 % » 2.50 7.50 1154 -
7 279, 143 §1:1.81, 1:0.93) 1.9 . 1.50 0.75 - be15 5.85 30! st
Z 150 1:0.7 - - 1490 0.75 - 2425 .15 -
(Avg. distance <:i[]0')
i 62 1:0.25 1.90 . 1,50 075 - 5415 5.85 60! -
® 120, 40 §1:1.1, 1:0.36 - - 1.50 . 04 1,90 8.10 6" _<50,
B 90 1:10034 = e 1-50 0.0?5 = 2-25 7.75 35'
® 482, 78 §1:2.15, 1:0.40 ~ - 1.50 - 0.4 1.90 8.10 -

80T
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4.4.7 GStepwise Regression analysis of factors affecting
per capita water consumption,

The physical factors sffecting per capita water consump-
tion are now incorporated into stepwise linear regression
model for rural water consumption, The model represents average
conditions of fourteen sample areas, Using average per capita
water consumption as depnend=nt variable,one might postulate that
Ql varies with Distance ratioc of protected source to unprotectedg;

Xl, Water Qualityg A5, Platform Quality; X Location of saurce

3!
site; Xd’ and number of users per pump; X5_

The model may be expressed symbolically as follows:

Q:f(xl! xzr e s e v 0000 )()

In linear form sbove cquation can be expressed as

+ CA, + dx. + ex. + fx

=5+ 08 2 3 4 5

1
where Ql is thes dependesnt variable, Xl, XZ’ PO XS are

independent variable'a'is the intercept, b,c,d, e and f are

the regression coeffici=nts,

Model is subjected to stepwise multiple linear regression
analysis usging the P55 package program an the IBM 370-115
system at BUET Computer Centre, The input data for model is

presented in Table 4,27,
The resultant equation of model after five steps 1s

Q= - 6,32?D5+l.9T584Xl+.0239&X2+_09741X3

( 9.288 ] ( 3,393 ) (2,715)



TABLE= 4427

Input Data for the Model

Variable No. 1 2 3 “ 5 &
P t
o Q X1 x2 x5 x4 X5
Sample area
3 8.25 1.55 100 <] 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 12 150
5 5.40 1.38 050 50 75 085
135 4.40 1.00 100 50 05 090
25 3.70 1,10 100 50 i 35 070
18 350 0.40 100 35 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 G70
24 24+50 0.96 £ 050 50 25 080
11 1.70 1.10 010 { 50 25 070
_— == e
Calculated Mean(X) 'h-56071 .16857 | 69.28571 ;52.14285 31.21428 | 93.50000
Standand (/\ Y P.09249 |0.51415 |38.47360 1 9.55033| 21.53412 | 28.06514
deviation 3 | | ! E |
Q = Per Capita Water Consumption in gred.
X1 = Distance ratio of protected source (T/WL) to unprotected source.
X2 = Water Quality, expressed as acceptable to consuners.
X3 = Flatform Quality, expressed as /» acceptable to consumers.
X4 = Privacy/Location of source (T/HL), expressed as % acceptable to

consumers.

Number of users per Tubewell.
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(The coefficients in parenthesis are the T-values)
. . .. ‘ 2
Multlgle correlation coefficient = 906, R~ = ,820

F-value = 11,340

Only three of five independent variable were entered significant
in the model. They are Distance ratio of protected source to

unprotected; A Water Quality; X, and Platform Quality; X

1’ 2 I
Distance ratic; Xl, has a simple correlation cosfficient

of 0.6441, water quality; Xz, has a simple correlation coeffi-

cient of 0.5376 and platform quality; X3, has a simple corre-

lation coefficient of U0,6348 with per capita water consumption

as presented in Table 4,28,

The results of the model are summarized in Table 4,30,

4,5 Discussion:

Unlike for urban water supply systems, the detearmination
of water requirement, selection of a source and determination
of a collection and distribution system ares not the only major
steps in the design of a rural watsr supply system, 2irce
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 related 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
CORRLLATION MATRIX

Variable

i
No 1 ? 3 4 5 6F
1 1,0000 ; 0,6441 08,5376 0,6348 0.1749 0.0634
2 0,6441 1,0000 -0,0263 0.4213 -0,1536 0.0671
3 0.5376 -0,0263 1,0000 0.1929 0,1483 -0,0210
4 0,6348 0.4213 0.1929 1,0000 -0,1165 -0.,4247
5 J,1749 -0,1536 G.1483 -0,1165 1.0000 0.2502
6 0,0634 B UsT4 -0,0210 -0,4247 0,2502 1.0000
TABLE-4, 29
Regression Coefficient and Computed T-value
Variable Regression 5td, £rror of Reg, Computed T-value
number coefficient coefficient
2 b = 1,97584 0.60077 3,289
3 c = 0,02394 0,00705 3,393
4 d =0,09741 0.03587 2,148
3 e = 0,01853 0,01285 1,442
6 f =0,01351 0.01118 1,208
Intercept (a) = - 6.32705 -
nN

A



TABLE-4,30

———

Stepwise Regression Analysis of Factors Affecting Per Capita water Consumpticn

Avg,per capita } Intercept Regression coefficient of
water consum- Independent variables Multiplef{Multiple{F-value Se
tion 2
] a Xl X2 Xa Xd X5 R R
For Fourteen ] 1,97584 { ,02394 |[,097411.C1853 [,01351
sy - -6,32705 KKK KK XK X x |0.906 0,820 11,340 1,127
=INESR BAREs (3.289) | (3,393)[(2.715)|(1.442)|(1.208)

Note: F=va

Se

The

KK H
K

kS
R is

R2 i

lue 1s the variance ratio

is the standard error of =stimate of the multiple
regression equation (Adjusted for U.F,)

coefficients within parentheses are the T-values of the regression
coefficients

oignificant at C,01 level
significant at £,05 level

Not significant at 0,10 level
Multiple correlation cosfficiant (Adjusted for D.F,)

s the coefficient of Determination,

ETT



TABLE 4,31

Table of Residuals
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Case No, Y Value Y £stimate Residual
3 8.25000 8.50929 -0,25929
2 7.40000 | 7.31365 0.08635
3 7.40000 f 5.99252 1.40748
4 5,86000 L 5,01699 0.78301 Lﬁ
5 5, 50000 L 6.09263 -0,59263 )
6 540000 | 5.00462 0.39538
7 4,40000 4,22110 0.17890 ]
8 3,70000 4.70443 -1.00443
9 3.50000 3.81704 -0,31704
10 3.00000 3.68471 -0.68471
11 2,70000 1.55943 1,14057
12 2.60000 2.38800 D:;léDD
13 2.50000 3.18075 -0.68075
14 1,70000 2.36484 -0.66484

T

R




For design purposes for the present time, an average of

10 gellon per capita pesr day domestic water consumption may
be considerad acceptable under rur:zl living condition of
Bangladesh, Water consumption of the rural people of India,
Pakistan, Thailand and many other developing countries have
also been found around 10 gallor per capita per day, Moreover,
this consumption figure lowers the incidences of diarroheal
attack according to the former Choleras Research Laboratory,

Dacca,

Rural people collect only 30-40 percent of their present
daily requirement of water from tubewells and the remaining
amount is being collected from unprotected sources like ponds,
rivers etc, which is not desirable to attain th= objectives

of the water supply programme,

The main reasons for non-usage of tubewell water are the
traditionasl habits of the rural people and their lack of
awarcness about the causes of water borne discases, The only
solution to this problem is a massive compaign on health
education, But motivation about health education alone cannot
change the situation, Other physical facilities must be provi-
ded on the basis of cultural'demand, which is feasible and

contributed toa hzalth,

The present tubewcll platform dimensicns ars not adequate
enough to allow bathing and wasshing on it, #oreover, a suffi-

cient quantity of water cannot be yielded at a tims for the

purpose, Construction of extended platforms has yielded




116

increased consumption as indicated by the Table 4,21, Benefit
achieved in comparison with additional cost is satisfactory,
Construction of small brick water reservoir (turnkey) or
supply of rarthen pots for the purpose of storing water may
provide extra benefit, As indicated by Table 4,23 and Fig,4.17,
location of the source has definitely some =ffz2ct on water
consumption, since women are the main water collactors,
Arrangement for partial privacy of the source resulted in
increased tubewell water collection, If tubewzlls are installed
in protected and fancod places, tubewell water collection will
increase, This site selection will not involve =2xtra cost,
oome tubewmlls are also roquired by the side of roads, in road
junction or in public places for male collectors, Physical

and chemical quality of water determine the choics of source,
To erisure more use of tubswell water, quality must be within
the acceptable limit of the rural consumers, The world Health
Urganization's standard for drinking watsr quality can not

be followed strictly in rural water supply. Rural people
accept tubewell water having ironr content upto 2-3 mg/l and
chloride content upto 400 mg/l without any objaction in many
places, Where iron content excerds this value, removal of

iron through constructing iron removal plants is =ssential

to increasc tuba2well water consumption, as has been sezn in
two places. The =zxtra cost involved for this is small, in-

comparison with the benefit. Conscruction of desp tubewells

or infiltration galleriess in sesrch of water with lower
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chloride content may provide a similar benefit, Uistance of
the source from households determines the amount of water
ccllected from it. As indicated by Table 4,26 the presence of
other convenient unprotacted sources reduces the use of
tubewell water significantly, where the tubewsll water supply
is associated with various problems. The absence of other
suitasble sources in the vicinity compels the users to use

tubewell water as indicated by curve of Fig, 4.19,

To ensure more us= of tubewell water, tubewells must be
closer to the household than other unprotected sources, 1, e,
more tubewells are re:quired whers there are many unprotected
sources. AS indicated by Table 4,26, to allow the collection
of 1U gpcd water requirement from tubewell various problems
in the tubewell water must be eliminated; moreover, there
must be a tubewell within 120-170' from each housshold where
the average distance of unprotected source from household-
livs between 300'-500', The number of people that could be

served by on=z tubewell under this condition can be calculated
from Fig., 4,2, when tubewells are located close to the house-
hold; more cdllection journeys arc made and a smaller volume

of water is collected per trip as reprrsented by Fig.,4.5 and
4.9. Therefore, greater accessibility to the tubewell eliminates
the necessity of intermediate water storage and thereby reduces

the possibility of contaminaticn during storage,

If we were to provide all the above physical facilities,

the theoretical calculation as present=d in Appendix-C-4,
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indicates that 20-40 p=rsons should bz served by one tubewell,
Therzfore, for some 90 million rural people by th= end of 1985
about 3x106 total tubewells would be required for the whole
country i.e an additiaonal 2.5xlD6 tubewrll sinking program
should be completed by 1985, which is simply impossible for
economic and various other rrasons, tven if the money were
available; implementation of such large program n=eds a

massive expansion of the responsible orgenizations, In
addition, maintznance of those tubewells would b= a major

constraint,

But thz theoretical value reflects the magnitude of the
rural water supply problem of the country, and it indicates
the necessity for external help and people's participation

to shar= the responsibility with the Government,

Since the density of population in habitable rural arcas
varies from place to place, the allocation of tubewells on
the basis of population figures in an ar=a will result in an
uneven distribution of tubewells, Moreover, limiting the
distance batwe-n tubawell and hous=holds cannot bz maintained
in many places, For a wide variastion of density of population,
they may b= classificd into some agroups, Aft=r tho distance-
pPopulation curve has bson drawn on the basis of avarage density
of population and an ar~a classified into on= or other group,
then the population figure may be used in the dztermination

of number of tubcw:lls required in an area, as has besan

calculated in Table 4,3,
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Where few prople use a tubewell such as scattered
communities, the family pump tubewell is a leoss costly
option, Table 4,3 indicates that one tubewsll will siérve
less people in scatterad communities than dense communities,
i,e more tubewells per capita are neaded in scattered
communities where gensrally comparatively richer people

live; which implies that richer people ge=t better service,

Results obtained from the regression analysis are not

fully conclusive, since input data for the model are based

on few sample areas,




CHAPTER - V
SUMMARY, COUNCLUSIONS AND RECOMMENDATIONS

5.1 Summary of fFindings:

- Density of population in habitable rural areas varies
widely from place to place and it is high in clustered settle-
ment ar=as., Local topography and socio-cconomic status have
some influence on settlement patterns, Poor people live in

closer association of houses than thea rich,

- Avirage per capita water consumption in the rural arceas
is found about 10U gallon/day_ Household size, sanitary facili-
ties, socio-economic status are the most important factors
affecting water consumption in the rural areas. About 50
percent of the dasily requirement of water is utilised for
bathing and washing at the source. Cows used in cultivation

consume about 5-7 gallons of water p=r day,

- Accessibility te the source, guantity of water available
at a time, physical and chemical rathzr than bacteriological
quality of water determine the choice of source, Presently
only 30-40 percent of the daily domestic requirement of water

\

is collected from tubewells and the rest comes from unprotecfed

sources, Among unprotected sources pond water is used more
frequently and its average distance from houscholds in many
places 1is nearly equal to that of thz tubewell., Water collection

from tubewells decreases by 10-20 percent in the rainy season

when unprotected sources remain full of water,
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- Yield from the "Bangladesh New No,6 Handpump" is more
than the local type. Performance of Family pump tubewell has
been found quite satisfactory in some places. Where few peaple
use one tubawell family pump tubewell be suitable for economic
reason, #Maintenance costs of traditional hand pump tubewells

are optimum for users around 60 in number,

- Main reasons for non-usage of tubzwell water are tradi-
tionel habit of the rural people, lack of awarness about the
causes of water borne dissases, its watsr quality, lack of
privacy of source site, small platform dimension and distance

to the source,

People prefer water which testes good, looks clean and
does not change 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 averages 1,90 gpcd in two places. Arrange-
ment of partial privacy increased the tubewell water consumption
by average 0,75 gpcd in three places, Construction of bigger
platform incressed the tubewell water consumption by average

1.,51gpcd in two places,

~ Water collection from a tubewell decreases with increasing
distance of household from tubewell, This problem is more

acute where tubewell water supply is associatsd with various
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other problems and where alternative sources are closer to the
households than tubewell, Households living close to a tubewell
make more collection journcy to a tubewell but collect less

volume of water per trip than other households,

- The regression analysis shows that of the factors affec-
ting per capita water consumpticn, distance ratio of protected
source to unprotected source from household, water quality and
platform condition emerged as the important variables in
explaining variations associated with Per capita water consump-

tion,

- Water collection from tubewell varies with time of the
day, At the peak demand period, 13-14 percent of total daily

collection jurneys are made in one hour,

- Considering various factors a maximum of 20-40 persons
can be served satisfactorily by one tubewell under ideal water

consumption conditions,

5.2 Conclusions:

The following conclusions ar= drawn on the basis aof

results obtained from field investigations:

(a) Small diameter tubewell with No,2 pump is suitable
under certain conditions if the number of USETS per

tubewell is reduced,
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(b) To obtain the maximum utilization of hand pump

tubewells, i,e, to increase safe water use; in
addition to a health educaticn and motivation
programme, the following physical facilities should

be providad -

Allowable upper limits of iron and chloride in
tubewell water should be 3 mg/l and 400 mg/1
respectively, Where iron concentration exceeds this
value 1n an aresa, ground water exploration should

be conducted in search of low ircn content aquifers,
If the above attempt fails, small iron remaoval plants
should be installed, Where chloride content =xceeds
the above allowable limit, construction of a deep
tubewell or shrouded well or infiltration gallery

is needed to ensure acceptable low chloride concen-

tretions,

An extension of the pressnt platform is needed as
per modified design, A new design platform should

be constructed where therz is no platform,

Arrangement for partial privacy should be made
whereever possible, In the future tubewell sinking
programme, attention should be given to proper -
tubewell site selection, wWhere women are the main
water colle=ctors, location of the tubewell should
be in @ protected, fenced place, but must be

accessible to all users, Some tubewells are also
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needed in road junctions or cther suitable

public places,

Since it is not possible in the near future %o
provide on=z tubewsll for 20-40 persons for various
ressons, every =ffort should be made in selecting
proper sites for tubewells in localities so that
the distance of a tubewell from all households is
the minimum possible, Present sits selection criteria
to provide one tubewell within 500' of every house-
hold should be strictly followed; moreover, this
distance should be reduced gradually with time and
opportunity which is absolutely necessary for more
use of tubewell water i.e of ssfe water as obs=srved

in the study.

Reduction of that distance can only be achieved
through people's whole hearted participation and
through more extensive external help and co-operation,
It is also thought that govermment could allocate
somewhat more resources t0o this sector than present

lanning documents indicate
q .

Density of population inm habitable rural areas must
be taken into consideration in addition to population

in the allocation of tubewells in an ar=a,




5.3 Recommendation for Future Study:

Rural water supply problems have bren studied to some
extent in only three districts in the south-western part of

the country and the results which have bezn 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 suages-
ted that the whole country may be 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
parameters like water quality standards, distance factor,
settlement patterns, importance of privacy stc, should be
conductad to establish applicable dzsign 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,
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(Contd)

e

17 Reasons for non-usage of tubewell water for all domestic purposes:

18.

Tubewell is too far away -

Pond/River is closer to the house -

Sufficient quantity of water is available from surface sources -
Feel comfort in taking bath and washing clethes in pond and river -

Hore time is required in fetching water from a tubewell. Washing

and bathing not possible at peak demand period -

Tubewell water tastes bad and has a

cloudy appearance -

Cooked food and clothes become coloured -

Take more time 1n boiling rice and dal -

Halr becomes sticky -

Taking bath and washing clothes on small platform is difficult -

Tubewell site becomes flooded and contaminated by waste water;

carctaker does not permit -

Tubewell 1s situated in an exposed place; morc time cannot be

spent for washing and bathing by the women for Tack of privacy -

Other reasons (1f any)
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APPENDIX A2

Proforma used in the field to record data collection
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Some Features of Pumps used in Bangladesh

Model Weight JCylinder|Stroke 0ischarge
Nam e pounds) | diameter|Length | Minimum Specific use
{inch) |(inch) (gaﬁlon)

I =] A -

SQTS 65 3.5 B.5" 6.00 Must—common type in

(UNICEF) use dl; over the
country

No, 4 Very shallow wz2lls used

very 46 3.0 6.0 3.00 only in salinity problem

shallow | areas, Smaller capacity

| to prevent salt water
! intrusion by depletion

of fresh water

o, 2 Is used in areas

Family 22 2.5 4,0 Lot whare potable aqufer

Pump is available at reason-
able shallow depth
(30-45'), Meant for
use by a single family,

Ueep Used where water

Set 5 table goes below

Cylinder i 2,5 8.5 3.00 suction head (25'-0")

with 65 during dry season,

No, 6

Head

jJ Discharge for twenty strokss under 5'-0 static suction 1ift
corresponding to mean sea level at a temperature of 86 F,
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APPENDIX-'C-1"

Maximum number of users per tubewell on the basis af time
required in fetching water from the tubewell

If it is considered that people will collect entire domes-
tic requirement of water, i,e 10 gpcd from tubewell, then numbear
of trip required per person per day is four assuming 2,5 gallons
average collection per trip,

Now if 160 people use a tubewell, total numbar of trips
to a tubewell 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 place during water collection, Therefore,
total time spent at tubewell in water collection prr trip is
equal to 1,30 minute,

Since about 14 percent of the total collection journeys
Are made per hour at peak demand period, total number of trips
per hour at peak demand period = é%%gii = 90 collection journeys

in one= hour,

Total time required to make 90 collection journeys is
equal to 1,30x90 = 117 minutes, i,e 160 people can not be
satisfied by one well under ideal water collection conditions,

If the collzction jurneys are made uniformly throughout
the peak demand hour, then maximum number of parson could be
satisfied by one well = %%%%g%z;4=82 persons, Since at peak

demand hour several collectors attend a source within short

interval of time, maximum number of users per tubewell may be

20-30 to avoid any long delay in collecting tubewsll water,
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APPENDIX='C=2"'

Users per tubewell and length of run between
cleaning 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 plant No,2, raw water iron content is 8 mg/1

and treated water iron per litre is 0,4 to 0.6 mg.

About 100 us=rs use the plant and average per capita
collection from the plant is 3 gpcd, which is only 30% of the
daily domestic requirement. Uaily yield from the plant is
therefore, 300 gallon, If in futurs per capita collection from
the plant increased to 10 gallon, then in order to maintain
the present length of run bastween cleaning of the plant,

users per tubewell must be kept limited to g{%gg = 30 person,

Present length of run between cleaning is 15 days, Since

the method of cleaning is a truble some matter, a short length

of run between cleaning of the plant is not desirable,
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APPENDIX='C=3"

Maximum number of people who could be satisfied by one
tubewell if Bathing and washing are done on tubewell
platform of the present limitzd area (2191 x21g1)

If on an average 5 minutes is spent per trip for washing
utensils, clothes and other purposes then a maximum 12 collec-
tion journeys could be made in one hour, with the present type
of platform, because the user will occupy the main platform

for the whole time,

Since about 14 percent of the total collection journeys
are made at peak demand hour, maximum totzl callection journeys
per hour is equal to ;§§%QQ = say 83, As per Fig, 4.2, house-
holds living within 100' from a tubewell on an average made

about 28 collection journeys per household per day.

i B o~
Therefore, about 55

3 households could be served
by one tubzwell and maximum 2U-25 persons will be benefited
if bathing and washing are done on the present tubewell

platform,

Un the other hand where there is an extanded new type
platform, one person who wants to wash his utensils or clothes,
can collect water from the well and then can do his washing
on the extended platform leaving the main platform completely
fres for others. And by that time one or two users can easily
use the tubewell for any purpose, Therefore if on an average
2 minutes is spent per trip, about 30 collection Journeys could

30x100

be made in one hour, i.e Tz;gﬁ—-ﬁiﬁ housesholds could be served by

one tubewell and about 55-60 persons will be nefited,
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APPENDIX-'C=4'

Optimum number of users per hand pump tubewell

Maximum permissible
For the condition number of users per hand
pump tubewell

Ta have the facility of bathing
a, washing on new tubewell platform 55-60 person
(Appendix-B-3)

For the maintsnance of better

b, privacy of the source site 15-25 person
(Art, 4.,4,4)
To aveid any rush at tubewell

C. site at peak demand hour 20-30 persaon

(Appendix-B.,2)

To maintain a long length of run
d, betwesn cleaning of the iron 20-30 person
removal plant (Appendix-B-1)

To provide a tubewell within
e. 120-170'" from each houszhold 20-40 person
(Art, 4.4.,6)

To maintain a optimum maintenance
cost of traditional hand pump ‘ 50-60 person
tuba.-.well (Art_ 4.3_2)

To reduce the chances of _
g, Bacteriological contamination less than 239 person
of tubewell water (Ref,42)

R=2commendation of Ruiz of
. Colombia (Art, 2,1.4, Ref,k20) 20-50 person

Ther=fore one tubewzll may be provided for 20 person in
scattered populated area and for 40 person in densely populated

ar=a,




APPENDIX D1

Calculation of mean and standad doviatien warSrom di fferent value of main- 134
tendnce cost with variation of users
Haintenance | Step dovi o Step devia- [
T cost of tion from i tion from ) 9 9
" S tubewel 1 arbitrary arbi trary dxdy dx dy ydx ! ydx
in Taka value (Ax) = value (Ay) =
______ X y dx dy .
20 2 -00 -6 360 3600 36 - 120 1200
25 7 =55 s 5 3025 1 - 385 MB
30 2 =50 -6 300 2500 36 - 100 5000
30 4 -5 -4 200 2500 16 - 200 10000
30 5 =50 -3 150 2500 9 - 250 12500
i) 9 =40 1 -4 1600 1 - 360 14400
30 10 -30 2 -G0 900 4 - 300 9000
60 § -20 -2 50 400 3 - 120 2400
60 22 -20 14 -280 400 196 o~ 440 ¢ 8800
65 1 ] -15 -1 15 ! 225 1 . - 1051 1575
75 8 -y -5 _y 0 S T A P
80 Ax 8 0 0 i 0 b 0 0 : 0 0
80 12 0 4 0 0 16 0 0
80 22 0 14 0 0 196 0 0
a0 23 0 15 0 0 225 0 0
115 20 + 35 12 k20 1225 14k 100 24300
115 30 35 22 710 1225 464 1050 36750
115 43 35 35 1225 1225 1225 1505 52675
120 33 0 25 1000 1600 625 1320 52600
125 46 5 38 110 b 2025 14440 200 93150
150 30 0 4 22 1540 4900 484 2100 § 147000
150 50 0 42 2060 b 4900 1764 3500 § 245000
250 35 170 27 4590 28900 729 5950 § 1011500
320 50 240 k2 10080 57600 1764 12000 § 2880000
+ 345 + 292 25015 121275 22500 27775 § 4635625
Hean: X = 80+ 22 . 94438 users
valias 24
" . B -S-%?- . 2.6 Toka
“omon [ 292\ .
C{Y V4 el -5:-) éx . /Lm WL 2
24 Z"‘g".z: )
= 28,02 Taka
: /505812 = 206,
= (9461 users
sl
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. Galculatlon of pean, stondard doviatlon frop di Ffforent. 5
.YEE} ue of per capita water coiiecction by observeu houscholds  (See Flgure 4.4 a s

Per T Step | Step i i
capita Percent | fid ¢ deviation | deviation | ] : 1
water house- value from from 1 z ) )
collectionf hold of X arbitrary arbi trary dxdy dx” dy ydx ydx
(gped) (2) (gpcd) value val ue
X _y X (M) = dx & (Ay) = dy
0-1 10 0.5 - b4 0 0 16 0 - 40 160
1-2 20 145 -3 10 - 30 9 100 - 60 180
2-3 15 25 ¢ -2 5 b - 10 4 25 -3 60
' ' f : : '
24 F 17 3.5 -1 E Tob -7 b 1 b - 17 17
i : b ! 1 1
45 10=Ay 4oSa bx 0 ; 0 0 0 1 0 ’ 0 0
5-6 7 Sed 1 -3 - 3 1 9 7 T
6-7 8 645 2 -2 - 4 b 4 16 32
7-8 3 ) 15 3 = 7 - 21 9 49 9 27
&9 f 3 85 t 4 -1 -8 F 16 f 4 12 48
-10 § 2 945 5 -8 - 40 25 64 10 50
SUM 95 + 5 -5 =143 85 349 - 037 F« 581

dx

(a) Mean = X = Axs -}i)-’-—- X Cu heb oy %g?]x 1 = 34521 gped

cwa

S —
{b) Standard deviation -6 - C {iﬂ“ = {g d’:} = 24270 gped
4y \g 7
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Cal cul ation of F lean, Standard Devi ation
fron di ffer‘en’: va]ue of collection journey {}J wi th vama’r‘ion of {hru. {hr‘)
(See also Figuee 4.7 and 4.8)
...... ..,.,,M...S.t.ep S - . .E..-.. a |
Percent deviation deviation :
Tine collec- i d fron from R ) .
in tion value arbitrary arbi trary dxdy dx” dy ydx ydx
(hour) journeys of ¥ value value
X y k) = dx b () = dy .
0500-0600 140 05.50 -1 - 40 28.0 49 1640 - 140 49.0
0600-0700 145 06.50 ~ 6 + 145 - 9,0 36 2425 -45.0 270.0
[
0700-0800 1440 r 07.50 ¢ -5 E + 8.0 +40 &0 t 25 5 6440 § =100 ! 350.0
b i { ; i 3
0800-0900 § 13.5 f 08.50 ~b e 15 Fen0 p 16§ 56.5 § -5k0  } 2162
0900-1000 8420 09.50 -3 b el ~ 0.0 9 ba84 -24.60 73.8
1000-~1100 7.0 10.50 -2 + 140 - 240 & 140 =140 28.0
1100-1200 640= Ay 11.50 -1 0 0 1 0 - 6.0 J 6.0
1 [ i
1200-1300 | 5.0 f12.50=Ax G & -1.0 0 0 p 140 o b 0
: ‘
1300~1400 Bad 13.50 1 - 0.8 - 0.8 1 0.6 ¢ 5.2 b 52
1400-1500 l 3.5 14.50 2 = 0:5 - 140 4 0425 11.00 2240
1500-1600 1.8 15,50 3 + 1.8 + Db 9 324 23k 0.2
1600-1700 § 8.0 16.50 bbb w20 |80 E 16 b0 320§ 1280
- 4 [ 1 3
1700-1800 740 17.50 5 + 10 e 540 f 5 b 1.0 35.0 175.0
1800-~1900 ! 44 18420 6 - 1.9 =11 o4 36 3401 24.6 14746
1900-2000 0.2 19.50 7 - 5.8 -40 .6 49 33.64 14 9.8
sut 100% 0 110 | «150 280 191,72 | -88.0  |+1550.6
e~ L CHERC S § R -_—-J s --—-—-M---—L—_-

(a) Mean x = Ax e %%:—x Xc

=580
100

= 11462 hr,

'1205-’ XT.O

‘—Dﬂ

(b) Standard Dpv1atiuna a\f { E [.i.’f.“)
n—iy i
VAETHER
- 100 Tﬁﬁ‘y

= IR . 3030,
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