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ABSTRACT ~

This study investigates the pattern of rural water use,
the factors sffecting: rural water consumpticn 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 social and economic well-ueing of the rural community,

This study attempts to establish some designh criteria
like appropriate location of tubzwBll site, type of pump, plat-
form dimensions, sllowable chemical cohtents in tubewell water,
and the maximum distance of a tubewell from each household for
the future water supply conssruction programme in rural v

Bangladesh,

An attempt is 3lso made to determine the optimum number
of users per handpump tubewzll considering verious physical,
social and =conomical factors, so that the optimum number of
tubewells for an arza can be estimatad from the populqtion

\

figures for that area,

3imple descriptive statistics were used %o analyse the
data and to present the pattern of watsr consumption and the
effects of various factors on water collection from tubewells,
The variables which were found to be significantly asseciatead
with per caspita rural water conéumption from rural tubewzlls
were distance to the scurce, number of people of the aresa under A
its commani, average household size, location of the source,
platform dimensions, quality of water, presence of other scurces,

and socio-sconomic status of the users,
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Water collection from tubewells before and after some
improvement to the source wers 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 quality, It was also observed that
the volume of water collected from tubewells varies inversely
with distancz of the household from the tubewell, The presence
of other convenient unprotected sources of appsrently accep-
tabla quality reduce the use of *tubswell water significantly
where the tubewell water supply is associated with variaous
problems, In the absecnce of other nearby sourc:s people will
ysuelly colierct tubewell water not only for drinking, but for

other domestic purposes as well,
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CHAPTER 1

INTRODUCTION

1.1 Statement of the Problem

safe, adequate snd accessible supplies of water together
with'sénitation aie reoOgnized'as oasic health needs éno essen-
tital componentsvof primary health care, Many‘of the diéeaées
affectiog'underservéd population espeoially the rural poor,couid
be greatly reduced by meeting these basic health oeédsl, Further-
more water is an essential element for other aress of development,
It is universally acceptad that an adequate supply of water for
drinking, personal hygiene and ‘other domestic purposes and an
adequate means of waste disposal ars essential to public heal th
and well-being, Unfortunately, a gr=zat number of people.living
in rural areas do not have access to a safe and convenient source
of waterz, In 1970 the World Health Organization surveyed 91
developing countries and found that only 14 percent of their
rural population has & reasonable access to drinking water?,
Reasonable access to water in a rural srea, as defined by the.
World Health Organization, simply means that the bousewife or
members of 8 household do not have to spend.a disproportionate

part of the day in fetching the fami%y‘s water needs,

Saunders and \rJar’r‘ord2 have estimated that in 1970, only.
29 percent of the population of 91 countries surveyed, were with
safe:and accessible watsr against an.investment of U,S, $ 1000
million, The United Nations.for its Second Development Decade
(1971-80) has set its goal to supply safe water for about 200

million. persons, It is estimated that "even. if the United Nations



developmant goals were achieved, therz still would be more rural :
inhahitants without proper water supplyhin 1980"2, A;cording to
the World Hcalth Drganlzatlon it was estimated th=t 13000 babies
dle edch day as a rssult of the use of polluted waterd, This
reflects the magnitude of the problem on a global scale and
gpnnotes the need for massive resource allocat10ns~requ1red to
‘émellofété lt.. | | o o
R ‘ .

Asia has the largest .rural population in the world and
the majority of people without safe water supply also live in
the devalqpipg};0un§ries_qf Asia, The_Wo;ld Health D;ganizatign's
esyimate;of rural population of developing countries in South

East Asia with adequate water in 1970 was only 5 pegcent?, . -

The rhythm of water supply in rural Bangladesn-oscillates
between the two extremes of abundance in the rainy season and
scarcity in the dry scascn, With the highest density of rural: -
population in the world, the country thus faces an acute problem
not 6nly in terms of.sufficient water supplies, but also in

terms of water quality and diseasses relatad to sanitati0n6,

Since 1972, with UKICEF's sssistance, Bangladesh has been
ehgaged in’a massive aczion prégram td:prévids potable water to
thei93 percent of its population reslding in the rural:-areas,
‘but she is still faer 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 reaching the age.of ten are



partielly disabled either mentally or physicelly due to attacks
of various water borne discasies and consequent malnutrition, It
is also a2stimated that mor. then 50 percent of cases of morta-
lity among infants in Bangladesh ars due to diarrhoeal diseasesY.
A recent survey8 irndicates that 21 percent of rural people use
unsafe surface water sources for all demesstic purposes, even
wher there are approximately0,44 million public hand pump tube-

wells existing the country nowg,

1.2 Rationale of the S5tudy

During the four months of the rainy season, water is in
abundance; but for three monthg of the year, there i1s 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, Ths
absence of sanitary excreta-disposal and unhygienic practices
renders mény of these sources dangerously contaminated, In the
past, Y3 percent of the population which lives in rural.areas
depends primarily on na2tural sources of water, To stop Cholgra
epidemics in rural Bengal, together with other entiepidemic
méasures, the pOSSibility of supplying pure drinking water by
meang aof some ring wells and handvpump tubewells wes first
considered in the mid;twenties-and some tubewells were sunk
in 1928, In 1935 the Uistrict Board took the responsibility of
sinking tubewells., The first real target was set at lbtubewéll

110

for 400 people in 1948~ , The standard of one tubewell for
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every 400 people hsd been raised to one tubewell for every 200
people in the year 1963 for the expected design population of
1970, Today aftér several years of sinking and resinking of
tubewells, there is one wonrking tubewell for approximately

260 people, But still.there are many localities with no tube-
wells, Thrée,independent surveys carried out between September
1975 and Decemher 1976, indicated that only 52 percent af the
rural people use tubewcll water at least for drinking and»Zl
percent of the people use éurface water sources for all domestic
purposes including drinking, although 70-80 percent of the rural
households were within 700 feet of a hénd“pUEp tubeﬁeiia;'BIDS .
conducted a separate survey on domestic water use in four

~different arcas of the country and observed that a subtantial i
quantity of water 1is used from surface sources for domestic

purposes, which is not desirable., The reasons for this under

utilization of the present capscity are not clearly known,

It has been observed that the greater thé use of tubewell
water for all domestic purposeé the less 1s the incidence of
diarrhoeal attacsﬁ, To encourage people to use more tubewéil
water, onz needs to determine the effect and maQnﬁfUde of
'varioué gconomic, social and cultUral.factorévon tubewell wétér
use quantitafively in order to plan and désiéh an =ffective

rural Water supply system for ﬁhe future;

Presently two main distributien critzria are followed,
namely (i) to provide one tubewell far 150 people; and (ii)

to install one tubewell within 250 yards of every household



in areas where there is sufficisnt populetion to justify 3

public wellll Recently it has been suggested to provide one

tubewell fer cvery 75 people by l98512, These targets are based
on little sciegntific study. There ar» about 68,000 small and
big villages throughout the country; settlement patterns are
not the sare in all these places, and conditions vary from

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

of distributior of tubewells.

Information is requirzd on whether small and less costly

tubewells will be sufficient when few people use one tubewell,

Uuriné the United Wations Water Conference in 1977 in
Argentina, it has been decidad to provide every one with safe
drirking water snd sanitation bty the yeear 199013. In order to
reach this goal, it is essential to mseke & critical analysis
of the cordition and problems of presz2nt water supply systems,
It is necessary *o determine the reasons for non-usage aof
tubewszll water for domestic curpcses and what improvements
are nzeded; and further, how fessible they are for the develop-
ment of some applicable general btasic design criteria for the

future rural water zupply programmz in Bangladesh,

1,3 Objectives of the Study

Thz objectives of the study are: (i) tc estimate ths=
water requirements of rural people in Bangladesh for domestic

uses (ii) to determine the consumption from tubewells against



total requirements_(iii) to asswess the dimensions of the
rural water supply problem. in Bangladesh and tc find out
effective measures to improve ths water supply situation,
(iv) to ?stablish some basié design criteria like appropriate
tubewell site, platfcrm dimension, water quality siandard;
(v) to design a suitable freatment unit to improve the water
quality to an acceptable limit for rural people; (vi) to
determine the optimum number of usars per wegll considering
{various factors; and (vii) to determine the suitability of

Wa, 2 pump for the future water supply programme,

s
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CHAPTER I1I

LITERRTURE REVIEW

2.1 Previous Studies

2,1,1 fundamental Approzch

Research on domestic water supply ir developing countries

has been limited, In 1973, Richerd J, Frankel>? undertook an

evaluation study of community water supplies 1in northeast

Thailand, The study probed into the =2ffectiveness of the water

éupply systems and found many reasons accounting for thé in-
efficiency of these systens., Sophisticatec systems were built
neglecting loral materials and villagers founrnd them hard to
understand and operate, Actusl water usz was found to be less
than "zl the design quantity, Acczptance of an claborate
system raquires a consiuerable chiange on the part of the indi-
vidus) before he is in a position to weigh the values of what
ke is getting for the change, This study provides a sound
juétification to look for a user-approach by which people with
minimum external aid could plan and dssign an improved water

supply system, Carruthers and BrownlS ~zve gtated that in

'develOping countries it igs desirable to usc simple technology

"and the scheme must not be complicatzd, Thanh16 suggcsted that

since the level of technical expertise in rural areas is very
low, 3ll parts of a3 water supply system must be simple to

cperatz and maintain,

s A7 L :
Staziniskawek1l in his study to determine rural water

supply d=sign parameters for conditions in Tanzania, prcposed



to divide the whole country into uniform water nreed zones,
where the pattern of pctable water demand is the same, for
greater variability of natural and climatiq condipiqns of
Tanzania, In each zone he carried out scﬁarafétia;eé£igations
on at least two of the wxisting rufél'wéﬁef qubiiés'to estab-
lish thé maih technical pafametefé. By technieal parameters of
pdtable watar demand, the following findings ara understood
from his woik,L)Meaﬁ day water daﬁénd bei capita or per qéttle

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

The UNICEF/WHD Secrestariat has observed that in planning
for water davelopment schemes, gocio-cultural information is
lacking and investigat;ons are rarely undertaken to ensure
that plans are both technically sound and socially justifiable.
Thanh16 has.pointed out that 1in planniﬂg_and designring for
rural wate:‘éupply programmes, physical factors are often over-
emphasized-as in urban water supply programmes, where most
'gocio-ecoﬁomic factors are neglécted,lln addition to physical
féctors, an uﬁderstanding of the associ;tion betweén socio-
economic fa§t0r9 and water use is_very‘impo;tant:to determine
thg:dimensions of the rural water supply pqulem. Hcﬁordinglto
Paramasivam and Sundprsan18 "Rural weter supplies in developing
countries have to be gechnologically_sound, economically viable,
environmentally Eompatiblé and socially acceptablg“. Chainarongl
has staféd that the success or failure oflcommunity watef sqpply
projects depends largely upon the socio;eqonomic factors ﬁré-

vailing in rural communities,
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dagner and Lanoix20 have mentioned thst one of the most
difficult and béffling prcblems in the planning of a small water
supply syétgm for a rural community is the lack of criteria
uponr whi;h an engineering design can be based, For most rural
underdeveloped areas of thz world, reliabls design guides have
not yet been established. They have sugg:cted . thast a critical
analysis of thé conditione and problems of . the area under study
should be undertaken to develop applicabls.critexia, sin;g:
certain elements of rural water supply system design are matters
of local déciéion, depénding onvgeograéhy, locaL economy, custom

and other factors,

There is little knowl=dge available of water consumption

levels in rural =zrees as compared with urban =zreess, Generalised

estimates of per capita weter consumption for selected countries

1

~N)

are summarized by White, David and White =, For rural aress of

West Bengal, India, they hzve estimated the per capita water
o o ‘ 22
consumption as 3U-60 litres pzr day, Adhys mentionad that

£-10 gallon per capita per day water consumption is generally

considerad adequats for the rurel arszas of West Bengal, India,

Khurshid23 and others have reported thet the average water
consumption in rural arzas of Pakistan was 48,1 liters per
perscn per day, Nazir24 in his study in faisalabad .district .
of Pakistan found an average wat~r consumption af 9 gallon

per capita per day, Housshol® siz=,number of villagers, level

e e S £ A T—— o e T+
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of education and number of sources of water were the most
important factors affecting water consumption in Faisalabad
district-of Pakistan, Azime25 in a case study in one central
province of Thailand observed an average per capita consumption
of 41 litres, Factors affecting per capita water consumption
were household size, level of educatian and average hausehald
income, The U,S5, Joint Committee on Rural SanitationZB‘quoted

a water collection of 10 gallon per capita per day from hand
pump tubewells, Feachem, et al%7 in their study on rural water
use and collection in Leésotho 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 nearly unprotected surface soﬁrce to ensure

the use of tubewell water,

In water demand studies and related factors, the United
States Agency for International Devalopment28 classified the
factors related to community water demand into six categories,
namely economic conditions, natural environmental conditions,
social conditions of the community, quality of water services,.
quality of water supplied and cost of water, Cholera Research
Laboratory29 Dacca, in a study at Tzknaf observed a direct
relationship between the incidence of clinical shigellosis
cases and per capita water collectiaon, The incidence of attack Cu
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,



11

Whit830 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 heve access to a
larger amount of safe water, Ha= found that water consumption
is highar in the case of a source situeted close tc the house,
Teller31 and Lee32 found tnat the vnlume of water used by
people who carry 1t home, seems i7 b2 sssociated with the number
of people in the households in a variety of cultures, The larger
the household size, the smaller th=z per capita daily use, Une
cf the major factors affecting the quantity of water used in a
hocusehocld is whether the washing is done st home or not, Warner
cbserved that a major portion of water drawrn frem a stand pipe

in Tanzanian village was used or the spet,

white and otherSZI'invchFin study in cast African commu-
nities observed that size o9f tne fomily, income level, level .
of education, cultural keritage, character of water supply,
climate and terrain, the sizz of 23rrying vessel, distance
carried, age and sex-compcsitiorn of the bcusehold size are
factors influencing water use in rural aress, Carruthers and
Brownl5 have suggested the inclusion of the consumption of both
man and cattle together ir tne determination of a design figure,
They found thot if people havs tc walk more than a few hundred
metres, theay are unlikely to zsrry mcrs than 10-15 litres per
day. Beyerl3 observed the main constraints still/hampefing the
provision of adequate watesr supply and sanitatior are the lack

of awareness cf bernefits and zcongeguently the lack cf social

acceptance of the present systoems,
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~Islam, Hugqg and othﬁrsaa, in analysing the reasons for -
non-usage of tubewell water fax béthing, observed that water
use from privately owned tubewellsg is greater since they are:
close to the kitchen, whersas hGov<+, tubewells ars qeneraliy
located at open public places and rural muslim women use such
tubewells ‘mainly faor collvcting water for orinkang, For reasons
of privacy they do not usc tuhewell water for vither usss, The
Rural bStudies Project Gx:oup(JS in thair study of water use
patterns have mentioned that the aexisting spatial distribution
of tubewslls is yencrally poor and in favour of the richer
households, Improved aécessibillty is likely to l=ad to various *

other uses,

Skoda, M=zndis and thia8 2bsvrved a slight increase in
tubewz2ll wat-r use with an incress=z in socio-economic status,
According to thelr calculatiun 71,5 percent of the rural
people of Bangiadesh have floor ares less than 350 square feet
and only 7,4 cercent people have tlocr aree over 700 sft, Water
consumption from tubcwells of the latier group:of people is:
slightiy higher, .The main resscns for non-usage of tubewell
water as given by the villagers ouring interviews are distance

of the tubewell, water gquality, traditional habit etc,

2.1,3 Source Selection and factors Determining the Choice
of Source

-«

in the rural areaz of devaloping countries, it is cheaper e
to builéd for e short perind of time end pian to make addition

as future need demands,” because No massive ronstruction like -



-t

13

elevated tanks is generally necessary and any alteration and
addition may be made without any damage te the present system,
Wwanger and Lanoix20 found hand-dug wells very suitable for

rural areas, where a supply of 2 Tew hundced gallons of water
per hour is requ;red end can be Jdrawn from uvnconsolidated for-

mation through hand pumps or buckets, They have also suggested

that primary consideration should be giver to the protection

“of the quality of the nztursl water, selected.in the design of

a rural water supply syestem, For the above reason, according

to them, ground water sources are better for rural water supplies,
Bangladesh 1s almost eniirely undearlain by water-bearing forma-
ticns, normslly at depths varyiny from zero to fourty feet below
the ground surface, Ground water collection through hand pump
tubewells is simple in all respact337, In bacteriological tests
of all types of socurcrs 1in Hanglad:sh, tubewull water was found
satisfactory in 70 percant cf cases,wheveas other sources like
pords, rivers, ring-wells etc, all were found to be unsatis-
factory. Mendis, Skoda and Chia® pointed out that chances of
contamination of tubewells can pe eliminated by taking appro-

priate measures,

To determine the factors affecting the choice of source,
g . . S - . . - 32 .
Feachem™ , in his study in New cuinea in 1973, Lee in Calcutta
. - 39 - N . . . 34
in 1969, rrankel and Shouvanavirakul in 1973 in Thailand
observed that women, who collect most of domestic water, in

selecting their source pick what they consider the bast quality

for theldr families, A user's criteria may be more likely to
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include teste, tempersture, odour and appearance than consi-
derations . of bactericological quality, Water quality standards
differ from cawmmunity to community, Appareritly villagers prefer
water which tastes good and looks cl.:an, but they are usually
ignorant of.thé possibilities o¥ contamination30, Water for
domeéfic purposes should be free from organisms, from concentra-~
tion of chemical substances, from turbidity, colour and disa-
greable teste37, The World Healtn Organization has recommended
International Standards nf Water anlitydo for a safe and accep-
‘table water supply, These targets are very sophisticated,
Because of diverse economic. and sccial conditions, these stan-
dards could hardly be astteined. in all cases,:

. ... 30 . .
According to Whlte-b, distance walked, and time spent

waiting in'a@ queue seem to be important factors in the choice
of source in an area, It was found that the amount of water
carried from a stand-pipe does decrzase slightly with distance
which possibly indicates the presence of an alternative source,
Other COnsiHErations regarding choice of a source include téch—
nology, need for & bucket and strong arm of pump handle etec,
Whiteao and Feacham38 observed that psrsonasl relationship also
Anfluence the selection of source, if on the walk. to get water

oné might encounter undesirable people such as an irritable

i

landowner or rival group of pecple,

The Rural Studies Project Group35 have peinted out that
the actual choice of a source and the quantity of water used

by a particular househuld depends obviously on the relative

~)
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accessibility of the source, They found that use of tubewell
water is different in different places dependiﬁg on the

presence of other competing traditional sources near hdhseholds.

2.1,4 Number of Users per Tubawell

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 arsas of the maximum number of persons
who should be served by one well-or one tap centrally located,
Thig figure may be used to calculate the number of wells required
and to select the most convenient locations for these points in
a given community, Wagner and Lanoix20 made personal communica—
tion with some investigators in different countries and found
that criteria used in different parts of the world vary widely.
Ruiz, from Colombia, recommended a figure between 20-50 perséns
per well, Wood, in Wligeria rscommended a figurc 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
Engineers41 have suggested that consideration should be given
to the .distance between households and well in addition to the
max;mum:number of people that can be satisfied through one
well to determine total number of tubewells required, On

determining the locations of wells, existing wells, gquality
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of water, absolute and relative lack of water, development
potential, per capita income and settlement pattern should be

considered.

White30 has pointed out that rural concentrated settle-
~ments often have access tc convenient supplies, but because
of the closeness of their neighbours and the larger number of

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

. Mendi542 in his study on bacteriological water quality
of "tubewzll waters if Bangladesh abservsd that the average
nuﬁber of .users per tubéwell producing contaminated water was
‘340, On the other hand average number of users per tubewell

producing acceptable watzr was 239,

2.2 Conclusion.

The selected litérature cit2d here gives -on overview
of the reésearch approaches in the area of domestic water
supply, In'mostlof the studies on rural water supplies it
has been suggested to adopt simple technology. The importance
of socio-gconomic factors in rural water supply is recognised,
but little work has been done to understand the influence-of

these factors quantitatively on rursl wator consumption,
Per cépita water consumptidn under rural living conditions
of the“déveldﬁing countries has been found to be about B-10

galibﬁfﬁer'ééy,’Faétois that are known to be assdciated wifh
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water use are size of the family, income level, level of educa-
tion, cultural heritege, climate and terrain, character of
water supply, location and acc=ssibility of the source etc, The
studies also revealed that quantity of water available and
physical quality of water rathesr than bactericlogical water
quality determine the choice of source, Recommendations on

number of users per well vary widely between 20 and 500,
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CHAa”TeR-III

THE FLdbD oTUDY

3.1 General

The study includes visits to concerned organizations,
research institutes and government departments of India,
Thailand and Bangladesh to study thz2 existing situation,
selection of study areas, and extapsive field survey, THis
chapter describes the preparation prior to the field.wofk;phe
survey questionnaire, the choice.of study area, the method of
data collectian, the samplinq methad, thﬁ_field survey, problems

encountered in the field and the method ot data analysis,

3.2 Preparation Prior to the Field Survey

Uiscussions were held with teachers of envirommental
engineering at BUET, AIT, AIIPH and HYGICNE and experienced
staff of UNICEF, WHDO, NgtRI, DFHE, and available documents
on the study were collected from the @bov:s sources to gain
preliminary idess 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 suitable set of ques-

tionnaires and to find uvut the best method of data collection,

-The proforma and questionnairs which were designed for the

field survey were found almost usel=ss during the trial survey
in the field, A new proforma and qun~stionnaire were developed

on the basis of figld conditions,
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The proforma and questionnaire were translated from
English to Bengali, Ten Sub-Assistant tnginetrs and about
twenty five tubewell mechanics of the Department of Public’
Health Engineering were engaged and several persons from the
locality were hired to help in various stages of the field

study,

3,3 Choice of Study Area

In consultqtion with concerned pefsoﬁs itvwaé.deéided
to conduct the final £i=ld survey in differeni‘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 countfy;‘but most
field conditions typical in Bangladesh exist in Jrssore,Kushtia
and Khulna =rceos, Thers -are lowlying areas in Khulna and
the eastern part of Kushtia where settlements are scattered,
Linear settlements along the levees of dead and dying rivers
are observed in Jessore, Clustered homestzads and densely
papulatz=d areas are observed in the elevated flat land in the
western part-of Kushtia and Jessore, The socio-ecanomic status
of the rural people of the areas is morz or less comparable
with other parts of the country., Thare are ssline problem areas

in Khulna snd iron problem areas-in Jessore and Kushtia, Sample
areas wer2 selacted from different Sub-Divisions,

3,4 Sampling Method and Sample Size

To study the =ffect of various factors on rural wat=r

use and collection, different villag=s were selected for
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bdifferent types of study, after conferring with Sub-Assistant
_‘ﬂqgiggg:s of the Dep2riment of Public Hs=slth Engineering of

thz2 area, Villages were selected to =2nsurs that all types of
.supplybwere present with diffzrent types of ficld conditions
'and problems, In ach villags a hand pump tubewell was chosen
" ‘arbitrarily, and eeme 10-15 houséhoild s using it, and living

at various distances from it, ‘were taken as the sample,

The field sthy wés carried out in 27 areas of Jessore,
_Kuéﬁtia and Khulna, A-:total of 409 households were interviewed
'”Qﬁlch covered.about 3600 people, In order to get general

information on villages and water use characferistics,zone
respondzent was interviewed from each of the 4D9Ihouseholds.

To collect sﬁecific information on water use and collection
from tubewells and othr sourcws, 253 households were obéerved
fbr 703 household-days in different areas, composition of

samples has been presented in Table 3,1,

3.5 Method of Collecting Uata

Data on water collection and use were obtained in £wo
ways, First; the preferred tubewell of the hcusehold was
observed between 5,00 A,F, and 8,00 P.M, for 2-3 days and a

_.Iecord was kept of all water collection, The proforma which -
was used for data collection has been presented in Apﬁendix A=2,
In some places other scurces were also observed and use of

water by the household was recorded., In cases of water collec-

tion and use without any fixed containerjto estimate volume,
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23
Composition of Samples '
Month - Noe of ! Number of
Sanple : LOCATIOH of Special characteristic . i house- | household-
‘ obser- of the area/type of holds | days water
area Vi1l age Thana District. vatton tubewell observed inter- | consumption
in 1979 viewed | recorded
1 Meghl a Kotwal! | Jessors March Few surface sources 25 A
. present A
2 Benealt = | Jikar. n March Exposed tubsidll site 15 15
3 Noapara Kotwall i dor & Oct | Beside river 10 50
4 Biranpur " n for & Nov | Beside river 10 0
5 Kirtipur, E Jikar. n Hay Unexposed tubewell site 10 K
6 . Jikargacha i L Harch Observed private tubeyell 1 1
7 Jikargacha " " Nov Iron problem area 10 ]
8 Kirtipur, W " -0 Nay Observed private tubewell] - 1 -1
9 Moral para v L May & fov | Very exposed tubewell 10 2
10 Barakpur " " May. Exposed tubewell -site 10 -0
11 Avoynagar Avoynagar 1 | May Iron problem area 100 15
12 Narendrapur | : Kotwali L Oct Nov Dec | lron problem area 10 )
13 Sharsa Sharsa u ¢ Nov Many surface sources 10 2
. N . : present :
14 Bagharpara Bagharpara v Rov High dry land, densely 10 1]
o ‘ ; popul ated .
15 Bagharpara o u i Nov High dry 1and 10 20
16 Mo dhupur Jhenai dah " Nov Area with extremely poor
. majority 12 K\
17 Hongolbart Kotwal 1 Kushtia May Beside river - 10 RS
18 An jhupt Heherpur L May & Nov | Family pump tubewell 15 %0
19 Senbil] n _ " May Family pump tubewell 10 K]
2 Mominpur - - Chuadanga " Nov High dry 1and Kil] 2
27 Jogots Kotwal § " Nov Iron problem area 6 -
22 A} ampur 1 y Nov Iron problem area 9 -
23 Patharghata n Khulna Hay Low marshy 1and : 10 X
(Hest) U e e e R e [T .
24 Patharghata " n Nov Low marshy 1and 10 k|
(South) - :
25 Kasdia " " Nov Very scattered settlemen 10 K i}
26 Daut atpur " " Nov Saline problem area - 15 k)
2 Oaul atpur " u Nov Saline problem area 30 -
TOTAL: 409

R=;
(28]
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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 sbmetimES 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 Qged but_pn the
type of use, both within and outsidzs the home, and on the
use of sources gther than the preferred source whi;h‘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 resgpondent from each 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 ths houschold and the second
part dealt with water use characteristics of the household,

A sample of the questinonnaire, 1is présented in Appendix-A-1,
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3.7 Field Survey

The field.survey was condﬁcted with one guide from each
viliééé.IHe'was feépdnsible for introducting each interviewer
to the respondent of the househﬁld;:ln most céses fhe housewi fe
was the respondent, The guide also hslped in,idenfi}ying the

water collectors during source obszrvation,

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

the work of the field assistants everyday,

3.8 Major Problems

The problems encountered in the fiald study are summarized

as follows:

- wWwomen were reluctant to present themselves beforz an

interviewer,

- Villagers did not allow cbservation of sources from a

very close distance, to maintain privacy, .

- Normal operation of tubewells and water collection were

slightly stilted becousz of our presence in the.area.

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

quantity of water collected,

- Observation of the source after sunset wss not easy,
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- Recording of =21l particulars on water use and collection

at the peak demand period was sxtremely difficult,

- dater collectors sometimes changed sources and it was

difficult to trace them,

3.9 Method of Data Analysis and Pres=ntation

5imple descriptive statistics weres 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 to obtain the p=r capita consumption, It
was observad that about one minute 1s required to complete
the round trip travel distance of 200 feet, where the source
igs located 100 feet distant, It was found more appropriate to
represent travel in terms of trav=l time for the round trip,
rather than distance covered , Fig, 4,19 represents the

variation on watzr collection of households from tubewells

with distances to respective sample areas,
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CHAPTER-1IV

FIELD OBSERVATIONS, OATA ANALYSIS AND DISCUSSIONS

4,1 Settlement Patterns 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 fiesld:

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

isolated in thick bush areas,

(B) Limear 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, figure 4,1 represents the typical

settlement patterns of the above types,

Density of population depends o:r settlement types in
habitable areas, Deﬁsity of populatio.: of some habitable rural
areas has bgzen presented in Table 4,1, which indicates that
density of population varies widely, Maximum densities are
observed in the sample areas of Mezherpur, Kushtia, where
people are mostly poor labourers, E£ach 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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TABLE-4.1

Density of Populstion of some habitable rural areas

29

azen ”| District Type of in habitanle purel |
settlement area (persons/acre)

25 Khulna 6.0548
23 Khulna 6.5340
13 Jessore A(:l3,068 persons/ 8'23é8
7 Jessore acrz B.7991
Jessore 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
9 Jessore persons/acre 16,2478
10 Jessore 17,6755
Jessore 17.4240
Jessore 17,8596
Jessore 18.8179
16 Jessore 27.4428
14 Jessare 31,5374
15 Jessore € »28.314 persons/ 33,9768
19 Kushtia acre 42,1660
18 Kushtia 47,9160

Ref: Different valuss of density of population have been
classified into three groups approximately on the
basis of scattejﬁd'linear and clusterazd 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. |

Assumihg a design period'of 6 years and an average 2.5
percent rate of population ;ncrease per year in thevrural
areas andiconsideiing_the source as a centre, estimated
distance-population curves for the year 1985 have been drawn
in Figqg, 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 livihg at various distancés from
a source for various sverage densities of population, There—
fore the curves can be used.én dete;mining the total number of
people that can be served by‘one well, for a given maximum
distance 6? tubewell from houscholds in-di%ferent types of
settlement areas, fFor example, if we assume that people should
not have to travel more than 300' from their house to a tube-
well,”theﬁ it is._possible ta calculate the theoretical minimum
number of tubewells to effect this in the Jessore Sadar Sub-
divisioq.fEach tubewéll will, theo;etical;yﬁ serve an area
300' in radius surrounding the tubewell, Table 4,3 indicates
that the Jessore Sadar Sub-Division would thus require, to
serve a 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 the Sample areas of

Jessore Sadar Sitb-division

- 31

Sample|Density of Type of Average Average Ubserved
area |population settle- | density density of area
no. persons/acre {ment 1 of popu- |[population No.
| lation in|in 1985=P '
? 1979:Pp (persons/
‘(persons/ acre) 1
" acre): ' o
13 .8,232
7 8.799 L. . Pt T &3 0“,-‘ A S o
" A 9,005 10,443 L4
5 14,280 .
11 8,712 8
2 14,026
12 14,026 -
9 16,247
16 17,075
B 16,496 19,130 i 7
3 17.424 : .
1 17,859
o4 18.817 R
14 31,537
C 32,7569 37.986 2
15 33.9768
. 6 L .. . P
‘}} Peo = Pp x (14025)", assuming a 2,5% thual increase, . -
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TABLE " 4.3

Determination of total number of tubewells required (1985) for a given maximum distance of 300% from

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

Average density Percent Percent Maximum Tumber of Number of tubewells § Total tubewell
Type of popul ation Humber of observation population distance of person couid in the area const- required
of in 1985 area observed covered by covgred by tubewel]l from be served by dering max. 300! { 1985
settlement | (persons/acre) the type of the type of households one tubewell distance between T/W | population )
1 1 settl ement sett] ement (in feet) o 2 and each household i? )
a b c . d e f g 3 ha¥g
b asC Total populn. — d -
-, Z“ﬁ; x 100 = T x 100 s : X )
A 10.443 4 3.77 16,583 300 67,784 4012
B 19.130 7 53,95 53.264 300 124417 7035 13053
c 37.986 2 15,38 30.151 300 - 246,56° 2006

@R

from Table 4.2
From Figure 4.2

« 1,640,000 (approx.)

L

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

Population in the rural areas of Jessore Sadar Sub-Div. accoruing to 1974 census » 1,249,947,

Estimated population Tn 1985 = 1,240,947 x (1 + 025

)11

43
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4,2 Average Domestic Water Reguirement/Consumption

In the rural sreas of Bangladesﬁ water requirement is
affected by domestic consumption together with the consumption
by domestic animals, Domestic requireméntsiof the rural people
means water requirement for drinking, Eooking, washing clothes
and utensils, batheing; sanitéry purposes, houéé.cleaning and
polishing. Occasionally a substantial quantity of water is
used for the preparation of rice from paddy, Water is also
used for kitchen gardening, Among domestic animsls, cows and
goats are the most common, A reasonable gquentity of water is

required for their drinking and food preparation,

Water use and collection from public and private tubé-
wells of 10 households at different places were observed for
three consecutive days, The tubewzlls were within the inner
compound Or very close to the housgholds. Those households
used tubewell water foi all domest;c purposes, ngseholds were
also interviewed at noon and in the evening 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 get the
daily average per capita water consumption under rural living
conditions, Table 4,4 reﬁresénts.the per cgﬁi;a‘gaier consumption
under varlous socio-economic and other field coﬂditions, An
average of 10 gpcd cohéuﬁptién may be considered normal under
rural living conditions, {loor area, construction materials

of tha house, approximate monthly incame and occupation of the



Per Caplta Wiater Coldection by Socio-Econontc Status and Sanitary Factlitfes

TABLE 444

Floor Area ‘Roof Approx. Average Per capita
of all Wall R average Cccupation ‘ Total Household § collection
Sample - roofed nade made of montialy of the Religion Tubewsl1 Sanitary cellection ¢ size (gpcd)
area “dyellings of '1/ income househead facility (gallon/ 3 (Persons) 2/
(Sf;‘:) - (Tak""\:‘: -t _._rnm‘- e N dav) 2 i
18" <350 Hud Straw 450 i Labourer Huslim Fami]y.pump' ~No 3.3 ) 5 6.26
.- s b ) 1
18 (¥ 1 md o Straw 450 Labourcs Histin | Fasily pump o i 38.2 | 8 6.37
4] Bo-m0 ] md§ Straw 800 | Fermer Hindu 3 Public No 47,16 P 5 9.43
“p 4 moemo b eriek | Tl 1000 Farner Muslia = § Private 3 Mo 68,18 7 9. 74
3 | 350-70 Mud Straw 1000 Farmer Hirdy Publc No .75 3 10,25
L 350-;700 Brick Tall 1500 Farmei Hindu Public * No 107.78 10 10.78
B0 350-700 Hud Tin 800 Serice Hindu Public ]  Yes 60.00 5 12.00
3 350-100 & Hud ‘Straw 1000 Farmcr { Hindu  § Public ; Yes { T7.24 6 12.87
4 350-700 3 Brick L.Co - 1900 § Business g Hustim 4 Public 3 Yes i 54,05 4 13.51
. o ki -
8- >?00. 31 Brick § L.C. . 1500 Business j fuslim  § Private 3 Yes 105.03 f 9 { 11.67
‘ ' , . 1029
) ; ¥ 5 Average: : gpcd

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

1/ L.Le = Line concrete

3/1 gped = gallon '(U.S.) per capita per day

Tali

= Local nane for tiles

GE



head of the house have been taken as indicators of socié-
economic status, The field observation found that 70% of the
rural households have floor area less thaﬁ 35015q%t»and a house
made of mud, Water consumption of this class of pedple is
comparatively less than the others, This may be because.they
have fewer clothes to be washed, less food to be cooked;anq a
smaller floor area to be cleaned. Average water cansumptidq

of the peopls ofAthe villages of Amjhupi and 5embill under
Meherpur sub-division is approximately 25 percent less thaﬁ
people of other observed areas, People of those places aré

very poor labourers, They have only one.or”two small thached
houses, Water consumptionAfor.cooking, washing clothes and
utensils, and washing houses is comparatively less than the
people of other sree,The exact variation of water consumption
of various socio-economic clessses of people is difficult to
measure, b=cause otﬁer factors alsa influence water consumption,
It has been found tﬁat 86 percent of the rural pecple have only
primary eauéation or none af all andvqnly 4 percent have more
than secondary educétion, The level of education may have some
effect on water consumption, but it is also difficult fo

measure this under rural living tonditions,
" Sanitary facilities increasé the per 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
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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, This is because some quantity
of water is always used for washihg, cleaning and cooking;which

is indepzndent of the number of family members,

Water consumption varies with s=asons of the yea;,.During
hot days of summer more water is used for batheing; Thz data
in the TéBiE'4.4 feprescnts the water conéumpfion durihg the
month of April, A water consumption suTrvey was algp conduc 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 scason., About a 20 percent decr=2ase
of water collection from tubewells was observed in between
summer and winter. in scmc places,. Fable 4y6 apd 4,17 represents the

water consumption for various domestic pUIPOSES,

4,3'Pattefns of Rural Water Supply

4,3.1 Types of Sources Used

The type of water sources are identified as follows:

(a) Unprotected: rond =nd- ditch,

- River and otream, and

"Ring well or Dug-well,

(b) Proteﬁted: Hand pump tuoewell (shallow, deep,

Derp-set pump, Family pump tubewell)

Y N e
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Per Capita Water Consumption by Household 5Size

Sémple Distance of Houe=ehdld size Per capitsa
area the household (no, of members) consumption
from tube well ' ‘(gpcd)
(ft) .
] 375 7.28
400 10,00
9 200 10 1.24
200 6 2.06
10 270 13 7.32
250 7 11.04
11 150 11 1,80
175 6 3.00
16 150 3,50
120 4 9.61
©100 "13 | 2.70
18 92 T ' 3.92
27 263 4.3
237 8.0
23 315 9 i .78
300 5 A P Y[
.
- 430 | 1,65
430 j 2,99
26 455 16 ? 5.10
520 8 | 10.20
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TABLE-4.,6

Average per capita per day water consumption for major domestic
burposes considering 10 gallon per capita per day total consumption

T~ T ing
urpose of | Washing . .
use | Drinking | Clo%ths [Utenoils Cooking|Bathing | Others
Quantity

In gallon 0,5-C,7 2.0 1.5 1.0 3,0-4,01{2,0-3,0

Percent of
“total 5-7 20 15 10 30-40 20-30
requirement

TABLE-4,7

Water consumption for some spe.ific domestic purposes

Purpose of use Unit Quantity
: : : in gallon
Rice preperation from paddy per 100 kg e 20-25
Polishing floor and well with| per 100 sft = - 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 feading per goat/day 0.5
Washing legs and hands after per person per trip 065+1,00
working in field Sk
Washing pitcher (Kalsi) per pitcher per trip [ 0,3-0,5
Rice washing and cooking per capita per day 6,8-1,00
(twice a day)
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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 éﬁéf;durces are different fpfddiffgrent 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 is less, because people alwayé construct ring welIS-
within their inner compounds, Moreover, since it 1s 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 tubeQélls,”which is seen in
élmost all sreas, Figure 4.3 represents the comulative relative
frequeﬁ;y distribution of travel time of thé houséBolas to
preferred water sdurcqé, which indicates that average disﬁance
of the householdé from a pona i's nearly equal in comparison
with ; %andp;ﬁp ﬁQbewell, On aﬁ avzrage 40 percent of the rural
households, Have.a tubewell within 200 ff; the figure in 1976
was 300_ft, Within the last 4 yesrs, the total number of tube-
wells has increased.by about 50 percent, Only 20 percent of
the rural peoﬁie have a tubewell within 100 ft of their houses,
The time 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 domestic purposes,
wHich indicates that large quantity of water is collected from

ponds and other unprotected sources.. for washing c¢lothss and”
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TABLE 4

)

Water Sources used by the Houscholds (in percent) for Vartous Domesti g Purposes

Hashing Sanftary and
Sﬁzlae Season Drinking Cooking Sothes Trorails Bathing For cattle other purposes
T/WL Other § T/W Other T/ Other T/ Other /W Other 7/ Other ¢ T/W Other
3 Ory 100 - 4 87 33 45 55 85 15 0 80 5 50 0 0
Ralny 100 - 50 50 12 88 80 0 4 15 85 0 60 60 40
7 Dry 97 3 80 20 48 52 80 20 38 62 54 46 i) 28
Rainy 95 5 0 30 20 80 75 25 32 68 50 50 60 )
19 | D 100 - - 100 - 100 35 65 12 88 - 100 28 7
Rainy | 100 - - 100 - 100 10 90 10 9 - 100 0 80
13 Ory 100 - 85 15 61 29 0 0 30 0 15 85 0 )
_ Rainy 00 8§ - 9 10 35 65 § 35 65 23 77 10 90 vis 75
14 Dry 00 1 - 65 35 0 0 55 45 20 80 50 60 65 35
, Rainy 100§ 1 W 60 12 88 40 &0 15 85 25 15 60 50
16 Ory 100 90 10 15 85 85 15 10 9 90 10 100 -
. Rainy 100 - 80 20 8 92 80 20 5 95 80 Yy 95 5
18 Ory 95 5 90 10 40 60 65 35 15 85 3] 7 50 50
. Rainy 92 8 80 0 18 82 55 45 - 100 20} 9 W 60
0 Ory g5 5 o8 42 0 0 55 45 0 0 - 100 40 80
Rainy 90 10 40 60 5 95 50 50 20 80 - 100 35 65
” Ory 100 - 10 90 15 85 25 5 15 85 10 ) 15 85
Rainy % 100 - 10 90 5 95 10 90 10 90 5 95 10 90
2 Ory 1 100 - 15 85 6 9% 15 85 10 90 - 100 10 90
Ralny 00 1 - 10 90 5 95 5 95 - 100 - 100 5 { 95
Hean Ory 98.7 T3 § 56 4l 9 i 55 45 20 80 28 n” 48 1 52
Rainy 97.7 2.3 47 53 12§ 88 44 56 13 87 23 77 4 59

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

EV
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utensils andgforfbaéhidg‘pufppsés, unprotecfédiSufféCE water
sources afe preféraﬁla ﬁa rural consumers, But due to'the
absence of sanitary dispésal of excreta ‘and ﬁbﬁ;ﬁygiénic
practices inzthe;rural areas,rmost of the unprdtected sources
are dangerougly contaminatgd,iMoréover; water levels fluctuate
widely with éaaspnsiof thaiyear, During summer, when these
gources in mény plaées become almost -dry,” tubewell water Jse
increases, I; the rainy season, surface water use ihcreases
again, Chemical treatmeﬁt gr sanitary.-protection of these
eExposed sources will lﬂVOlVP a hlgh cost and it is 1mpract1cable
in the rural arees Ground water collect;on thrcuqh handpumo
tub=well is generally considered a safe~and>rellable guppLy of
water in rural-afeas as the chanc?s 0f~contaminati6ﬁ éfe few,
Except the hllly areas of thttagonq and. bylhet and the western
part of Rajshahi. dlstrlct the water table- llLs presently
within the subtlon llmlt of handpumps, In the above mentloned
places and where the water table goeb beyond the suctlon l;mlt
of the normal‘hand pump, deep-set pumps are used, Deep-tubewells
are installed whefe'sweét,watér is not available af a reasonable
depth, Tubewell water is mainly used for drinking in:almos% all
these areas, Where tubeQeli.waier doés not Qontéinihigh_concen—
trations of ircn, it is also used for cooking, washlng Gtensils
and some tlmes it is used for batheing and washlnq clo*hes
Tubewell wate; Usage decreases by 174 in the rainy season,
according - to the interviews, |

Table 4,10 reprec.-nts the average per caplta water

collection from tubewell both Ln dry and winter seasons. as



Average per Q_g_!ta; water collection from tubewell in dry and rainy season

TABLE 4.10

Purposs of use —>

Dr.i'r.mklng

o

oklng

_Mashing

Sl Bt et S

Utensiis

Bathing

Santtary and other

PSR R Y

N,

X s

Lry

Rainy ..

Dry

Clothes
Oy ...

Rainy

| Rainy

T s

a) :
Present water collection
from tubewell source in
percent for the purpose

1/

-

98.7

aore 200 sssca

97.1

56

Rainy .

89

12

Ory

Ralny

Ory Rainy

55

bk

13

H

b)

Avg. water requirement for
the purpose in percent of
the daily per capita -
requirenent 2/

10

15

c) o

Avg. water requirement for
the purpose in gallon per
caplta per day _§/

0.5

2.0

149

2.0

axc
d) - m
Amount of water collected
from tubewell source for
the purpese in gallon

per capita pe.rmd‘a-y

0.49%

0,49

Y

0.5

0.2

0.82

0.66

0.60

0.39

0.96

0.82

9) - Zd
Total per capita per day
collection from tubewell
(1n gallon)

Rainy

4,02 gallon/capita/day

307 gallon/capita/day

PPy

Mean collection from tubewell = 3.54 goed

NOTE: ]/ From Table 4.9

'ZJ from Table 4.6

y Average domestic per capita per day consumption has been considered o 10 ga”éﬁ

Sy
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obtained from-interviews of the;hquseholas, Mean pafjcapita
collection %r;m tubéwell“is only 35% of the total daily
consumption, Tubewell water collection décreases by 23 percent
in the rainy s;ason,mwh;ch,has been calculated frqm;the

obgervations, which is clos2 to the 175 notzd from interviews,

Figure 4,4 indicaées the 50 percent households have:
tubewell water .collection lees than 3.3 gpcd, Obééfyétion of
water sources. have.shown a mean’tubewell water collection of
3.9 gpcd; i.e 39% of the totél taily consumption, The balance
ile 61% of the total daily consﬁmption is b..ng callected from

unprotected sburces liké ponds {Plate-1), rivers,‘ringwells,etc.

4.3.2 Types of Collectior aystem

gfound water is being lifted by;handpump‘tubawellsk Dngn?ing
Aoﬁ the dépth,“ﬁaﬁdp;ﬁﬁwéubéwells are classifiedAasjéhéllO; or .
deep ﬁubeweilé. Norﬁally hand pump tubewells are 1% inch éia,
‘aﬁauthéy are fitted with 3 "No.6 héndpump" at the ﬁbb:AR&cently
séme 1" dia, very shallow tubews=lls have been installed aon an
eéperimental basis in éome'selebted-places, which are fitted
'wéth a “No,? band pump" - (Plate-2), This type of t@bgwell is
'kédwnmaédéamiig pump”tubewell. Some of the saliénﬁ*fégzures

of these pumps are briefly tabuiatad in Appendix-B,?Both types
of pumps are able to pump water from ground'wéter:source where

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

pump, Two sépafata deéigns of tbg.No,-é hand pumps ére%available;
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Plate~1l Water consumptien from unprotected pond,
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the local type known as the "Maya No.6" and the UNICEF type.
The latter has been developed by the UNICEF local office.
Yield capacities of the pumps are different, Other major
factors which affect the yield of a pump are condition of the
pump and type of operation, Téble A.ll rapresents tﬁe average
yield of the pumps excluding average 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, uenerally, medium or a small pitchere and
buckets are used to fetch water when water is brought to the
house, Households living close to a source makeé more journeys
and collect less vclume of water per trip than the households
living some d%stance away from source, Average volume of water
collection per trip lies betwesn 2,00-2,50 gallon, Figure 4.5
represents the effect 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 traditicnal handpump tubewell, but referring to
Table 4,11, the average yield capacity under medium operating
conditions is nearly the same, The total cost of construction
of a Family pump tubewell is lower for two reasons - low cost
of materials and low installation cost, However, a No, 6 pump
is about thrse< timeés hcaevier and thu. more robust than a No,?2
pump, In Family pump tub-wells 1 inch dis, pipes are used in
place of 1% inch dia, pipe, Cost of installation of a Family

pump tubewell is about half . . .. .



TABLE 4,11

50
o Average Capactty of Ho.6 and No.2 Pump

wenonlimp Nunber o 6 e 2

Type of Pump : LOCAL (Maya Type) (Bang] agzlng;e" No.6) Experimental 1/

Type of Operaton "::::?s,t f@jium Slow f;:zt Hedf um Slow ’?:it?s’t Medtun Stow

_3;’:::2" strokes/ {45 19 %5 o IREET: 2 R N %
?;Zf??:f/‘;lfke 0.0 | 0.3 | 0.8 0.413:/ 016 Joos fo.07 | 00 | 0.3
_?;; fj:)’};fld g:g' 35 | 1.5 gga 50 145 305 340 1.0

l/ This was designed 1n Bangl adesh, and 1s a modified, scaled-down, verston of the Haya-type pump.

g/ The theoretical "swept volume" al a full 834" stroke will yleld 0435 US gallons. It is assumed
that the energy imparted during a heavy thrust will create momentum sufficient to allow flow to
continue after the stroke {s complete.

TABLE 4.12

Contafners used by 100 households for the collection of water

; :.fme of container Pitcher = Kal s) 4 Bucket (Bal ti Others
Size of container Big ~ Medium Snall Blg Hedium Snall =~
Average capacity of] 3.6~ 2610 1o ) 1.5 10 Badna - 0425
contalners (gallon)} 3.0 240 14 ' * Jug - 0.5
Percent of water : : ‘ :
collections made " 3% 2 0 ! § 2
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that of a traditional tubewell., The mainienance cost of a
Faéily pump tubeweli is also less because »pares are less
cﬁétly. Only a few buckets have been replaced in the fFamily
p&%g tubewells of Amzhupi. Meherpur in the first year after
in;tallation, the costs of which are less than taka 20/~ per
tuéewell, Although the tubewellc have been installed for one

fém;ly, in most of the places 5-15 householus use one well,

Figure 4,6 shows tha: the maintenance cost of a tubeweli
varies directly with -umber of users., The maintenance cost of
a_éraditional hand pump tubewell ic about taka 45/- per anaum
wﬁére approximately 160 people use the tubewell, Maintenaﬁce
costs are optimum for approximatzly 60 users for a Numbér 6

type well,

A rough estimate from the z.ove indicates that the cost
of construction and maintenance of a Family pump tubewell}doéé
not exceed 50% of that of a tradiiional hand pump tubewell,
Howesver, where a "Number 6" tubswell will serve possibly 150
people, a "nNumber 2" tubewell will only serve 20-30 adequately,
This makes the per capi®a cost of tﬁé "Number 2" somewhat

higher than the "Number 6",

4,4 Factors Affecting Rural Water Uss Habits

It has already been observed that the major portion of

water for various domestic purposes is being collected from

unprotected sourees,~In 2ll’semple-areas. households were...... .. .
interviewed to findou+ the reasons for non-usage of tubewell
D By AR RS L oE Rt SR YRR S RN VI TN T AN R SR : S e

water, The main reasons are identified as follows:

R
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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

- Tubewell is too far away (29%)
~ Ringwell or pond or river is closert
to the house (49%)

Jistance of the
source

- More time is required in fetching
watar 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

- Tubew=1ll water tastes bad and has a
cloudy appearance (36%)

-~ Cooked food and clothes brcome
coloured (29)

- Take moure time in boiling rice

-~ and dal (27%)

- Hair becomes sticky (58%)

Water quality

- Taking bat and weshing clcths on
small platform is difficult (40%)

~ Tubewell site becomes flooded and
contaminated by waste water (197)

Washing and bathing
facility at T/WL site

- Tubewell is situated in an exposed .
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

prevents them from using tubew.:lls for all purpose, Sometimes

caretakers do not permit otk s to use tubewell water for

purposes other than orinking,
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4,4,1 Traditional Habit and Lack of Awareness about the
o Causes of Water Borrne Diseasw=es

'Traditional habits passzd down through the ages lead
 rural_people to use unpro:ected wate f:om ponds,diﬁcheé,
rivers ®tc,, particularly for bathing and washing clothes,:
Most people during interviews.repliem that they get persqnél.
satisfaction in submerging tHe- selves ih rivers or pond water
for bathiﬁg;'Somé"have the idea that tubewell water is.méinly

for drinking ana not for all pufposes.

Field observation indicates that most, if not all, use
tubewell water at least for drinking, At present they Have
an idea that'i?.they use unprocectéd watsr from ponds and
rivers for drinking. they may be attacked by gemms of cholera

or diarrhoea, -

H0weVEf}"they are totally ignorant about the .dangers
resulting fraoam the use of.unprptééted water for othér domestic

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

A centuries old traditional Fk-bit 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 euucation

activities, A long term appropriate programme should be nlanned,

-
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4.4,2 Time Reguire in fetching Water from the'Source (T/WL)

Water consumption from a source varies with the time of
day. A peak demsnd period between .00 and 10,00 A.M, is

observed in mdst‘pléceé. Figure 4,7 represents that on an

-average, 14 percent of t' . total watzr collection journies are

made between 7,00 A,M and 8 A, M, It can be also seen fiom

rigure 4,8 that 5C percent of daily tatal collection journies
are made within the¢ first five hours, Since at peak demand
period, compératively more -=0ple attend & tubewell within

a short interval of time (Platse-4), it takes several minutes

to fetch water from tubewell, In onez place 19 collection
journeys were made within B minutes and soma water cullectors
waited 10-15 n inutes at tubewell site, Th> maximum time

required to fetch water from tybewell at peak demand period
depends on, haow many usersvthe;e ar: to the tubewell, Table 4,14

represents th: variation of waiting times,

Long'delays at tubewell site nmaturally discourage a
water collector, who often prefers tc use neatby unprotected

sources instead,

Field otservation indicatzs that housenolds living close
to a tubewell useﬁit_mpre f;eqdently but collect less water
pe; trip than housriiolds livirg some distance from the tubewell,
Variations in ngmbérs of collaction jolurries and volume of water
collectzd against distance have been nresznted in‘Fié, 4.9 and
Column (e) of Teble 4,13, which indicates that the per capita
daily collection decreases with -distance of housebold from

tubewell,
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© TABLE 4.13

total time of collection

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

Q)

13.50

(a) ' (b) {c) (d) (e) (f) g} (1) (i) (k)

: Tota! Average Average Time required {Time spent Total y Time spent
Distance Average Average volume of per capita round trip § to fill the {in washing time Total time § 1in percent
of the number of volume of water collaction § travel time #container with tand placing spent speni per " of the
househol d collection water collection. per duy to source §water (in ¢) the container per houschol d available

from journies collected per house- (92110n) (min) per trip per time toip = per day wrking day
tubewsl per house- per trip hold per day (min) (min) fegeh =ixb
(feet) ho) d/day (gallon) {gallon) Y Y 3 Y {min) {nin) 5/

0-100 » 2.00 56 8,00 0.5 0.50 0.66 1.66 46,48 5,167
100-00 § 19 2.5 4150 6.79 1.5 0.525 0.6 2.9 43.51 4,837
200-300 31 2.60 28.60 .07 2.5 0.650 0.66 3.78 £1.58 4,627
300-400 8 R 22.00 3.14 3.5 0.688 0.66 4.85 38.80 8317
400-500 4 2.75 11.00 1.57 4.5 0.688 0.66 5.85 23.40 2.607
500~ 600 2 5.40 1 0.78 5.5 0.680 0,466 6.75 1.50%.

2.70

1/ Considering average household size 7

2/ Round trip travel time for a travel distance of 100" is approximately - 1 min.

3/ Considering average yieid fron a T/W « 4 gall/nin.
_l;./ About 40 second is required to wash and placing the container at T/W site.
5/ Available working day s from 5.00 a.. to 8400 peme = 15 hours

29
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Table 4,13 also indicates that total tiz= spent’in
collecting water from a tubawell per day per household living
within 400' from a tubewell doeg not vary significantly, A
Fousehold living some distance away from a tubewell makes
fewer collection jﬁgfneyg,.qqllgcts léss_wat;p‘bué sgénds more
time in round.frip travel to -ource than the households_living
close to the tubewéll (Plate-5), The totai time spent in
collecting water is only a %ra;tidh of the*daily'available

working day,

As presented in Appendix-C-1, if people collect their

entire domegtic reguirement of water, 10 gpcd, -from-a tubewell,

(]

then only to collect 2,5 gallons of water per trip, approxlmatp—
ly 1,30 minutes will be rEqulred at the tubewell site. Under
such conditions 160 peowlé”éahhdt”be’Sétiéfied“by oné'tubewell,
Moreover since people never v151t 3 +ubewell regularly through-
out the peak dem and hour, they 4ill have to walt for some time

in fetching water even if the numbsr of users is kept llmlted

to 80, say,

To ‘avoid any long delay-a% the tubewell site for fetching
water, users per tubewsll may be képt'limited to half or less

than half of the above figure.



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

Plate~5 Water collectors from long and short distances
‘ to a tubewell,

64
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TABLE 4,14

e ettt .

Effect of oumber_of users on maximum delay at tubewell
site at peak Demand period for one trip

Number of users Q?.J tubewell Average maximum delay at
tubewell site (in minutes)

About 40 households (280 persons) 15 - 20
30 " (51_0 " —‘—) 10 - 15
20 " (140 " ) 5 - 10
10 " (70 " ) | Less than 5 minutes

The table above represen# . the present field conditions.

4,4,3 Water Quality

Th2 physical guality of water plays an important role in
the selection of source and water use from it in rural areas.,
Bacteriological quality carries little importance to the rural
people, since they prefer water which tastgs good and is odour-
less, and which does not change the colour 6? food or stains

clothes,

Iron and chloride content in ground watsr collected
through handpump tubewells in Bangladesh is generally high and
in some places the concentrafion is at a much higher level than
the limit acceptable to the rural people, People of those
areas generally refuse to use tubewell water and opt.for pond

and river waters,
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Detasil studies on water use pattrrns were carried out
in some iron and chloride problem arz2as of Jesgq;g, %ushﬁ%a
and Khulna districts, In one iron problem area of Jessore, one
hundred-households were intzrviewed about ‘their water use
habits, There.wera 8 public and 2 private tubewells, 3 ponds
aﬁd.oﬁe ;ing-well in'theiarea; In addition, the river "Bhairab"
TUnNs Very close to that placz, The average iron content in
tubeiwell :water was 6 mg/l and 77% of the total households

surveyed had a tubewell within 700 ft, Most of the peuple of

that Iocélif&fwere farmers or labourers. The water use habits

of the peoplé:of the locality have besn presented in TaBle.d,lS;

which indicates that other than for drinking, pond and river

B LI

water uses are prominznt in iron problem areas, b

In“one‘saline problem areca OFiKHuln; twenty houssholdsf“
around three'tubewells were interviéQéd'about thsir watzr QSEQ
which have beegn presented in Table 4,17. Chloride contehﬁé of‘
the tubewell water were 618 mg/l1l, 1900 mg/l and 2300 wmg/l
respectively, Thzrs are about 10 pands and ditghes in the |
locality, The first tubewell is a_deep tubewell and 8ll people
of the lacality use . its.water st Leést_For drinking, Peoples

from over.3000' distance come to the tubewell for collecting

[y

water, ?érmgépita'wé£ér cqliéction by the households from the
tubewell have been presented in Figure 4,10, Water collection
from the other two tubewells is very low, Only four hHouseholds
living very close to the tubewell use its water for some

sanitary purposes.
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TABLE 4 .15

Water sources used by the house holds (per cent) for various
domestic purposes in an iron problem area

Water use Seasons Tube-| Ring-| Pond River Rain
‘ well well water
Drinking bry 1 99.5] 0.5 - - -
Rainy 99.5 0.5 { - - -
Cooking Dry 8. | 1 22 69 -
Rainy 8 1 23 68 -
wWashing clothes Dry 4 2 20 6 -
Rainy 3 1 23 73 1l
Washirg Utensils| DIV 19 1 19 62 -
Rainy 18 1 20 62 -
o mien
for cattle Dry 4 2 22 80 -
Rainy 4 2 22 80 -
Senitary Dry 17 1 *’ 20 65 -
purposes Rainy 17 1 20 | 65 -
JABLE-4,16
Reagons (perxcent) for non-usage of tubegwell water
in_an_iron problem area :
Aesthetic Stains Odour Teste Causes
(colour) . clothes ' constipation

Aand utensils

90 68 28 38 1




TABLE 4,17

Water Sources used by the houscholds (in percent) for
various domestic purposes in saline problem areas

Source.| Drinking | Cooking |Laundry! Washing Bathing | Sanitary
' . i utensils and other
Tube- .| 100 16,6 5, " 5.5 0 5.5
well ) . S FEU S S
Other:, 0o 83.4 l .5 94,5 100 94,5

During the interview of households, people expressed
thzir opinion about the causes of the non-usage of tubewell
witer in iron and chloride problem arszas., The reasons mentioned

by'the people of iron problem arcsas are presented in Table 4,16,

The main reason for non-usage of chloride content water

is its bitterness in taste,

In diffe- :nt ircn éhd salin: :roblem areas of Jessore,
Khulna and kushfia, soma hbuseholds were interviewed about
their general'qdinion on overall water quality, Their opinion
has been pldttea in Fig, 4,11 and 4,12, against the chemical
content of the tubewell water they use, It is obsvrved that
rural peopléiuseihanupump tubewelifwater having an iron content
less than 2 mg/l and chloride coptenf less than 400 mg/l without
raising’ any speéafic ocbjection and they consider such water as

good.

Ih'additioh to the interview of the households, four

tubewells at dlfferontweltes ‘whieh” y+eld water'w1th iron’.

o -

concentrations of about 8 mg/; werp-obserued bgtwasen 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 plotted agasinst aistances in

fFig, 4,14, The curve indicates that the maximum averag: per
capita per day collection from the four tubewells in iron
problem areas was only £.5, gallon as against an average of

10 gallon per capiia per day consumption under normal rural

living condition,

In order to determine the effect of improved water
quality on water collection; eume Community Type Iron Removal
Plants have besen designed and constructed at two tubewell siteEs,
{Plate 6 and T7), out of the four previausly observed tubewells
which originally yielded water with iron concentration of

around 8,00 mg/1.

The detail design of the iror removal plant has baen
shown in fFig, 4,13 and the performance of the plant has been

presentezd in Table 4,18 and 4,19,

The plants shown in Figure 4,13 consists of four units-
aeration channel, sedimentation, adsorption and filtration
chambers, The aeration channel (A) is made 4" PVC pipe nartially
filled with brick chips (called khoa locally) and is slotted
8t its upper side. Water discharg= through the mouth of the
tubewell passes over the khoa becoming partially aerated, and
than drips i the sedimentation chamber (B), In the sedimen-
tation chambsr water falls on the charcoal bed at the top,
which provides further aeration., dJome portien of preciptated

iron flocculant settles at the bottom of the sedimentation



Plate-6 Iron removal.blant No, 1,

Plate-7 Iron removal plant No, 2
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TABLE 4.8

Field analysis of water samples and performances of iron removal plant

”

Average | Llength
Plant " “Iron Content (mg/1) Yield (ga]]s/m!q) from increase | of
Sample no. Treated Yater Iron 1 olant in water run
area with Raw Conti- Inter- Tubewel] °"“’;‘"‘,"’a pian collec- betueen
filter water nuous i ttent y Init1a] Fingl tion cleaning
materials 1 pumping | pumping nitial ha (gpcd) (days)
1
1 khoa only 7.6 2.0 1.4 5 3'?. 2.5 1.61 2
2
sand
12 ravel 1.6 0.6 04 5 25 1.5 225 15
khoa -
TABLE 4.9
Laboratory analysis of water samples 1n Plant No. 2
(W th intermittent pumping)
Tvoo of Bi ssol ved Total Total A
):;ter Iron €0y A kalinity hianganese hardness } Chloride Do pH
(mg/) (mgf1) {ngft) (ng/1) (mg/1) (mgA) L (mgf) val ue
Raw 8.00 130 8 nil bkl 100 342 6.8
water L L
freated | g 10 0 § 48 } an $10 100 2.4 7.3
water ] 1 .

NOTE: The Dissolved Oxygen (00) level is lower in the treated water because of dissolved COp being driven off.
This has the effect of allowing Ferrous 1ron In solution to precipitate with the help of 00 and absorbed
oxygen In the process.. See Ahmed, Farooque and Ahmed, Feroze, "lron Problems in Rural Water Supply in
Bangl adesh®, presented to 24th Annual Convention of Institution of Engineers, Dacca, 30 December, 1979,
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chamber, Water from the sedimeﬁtation chamber enters into the
adsorption-éhéaaéf”(tjﬁggvtﬁe'bb{fom fﬁféugh éméll Hﬁles and
: ”?%ighéhgﬁhéfa;‘Shéll.héfiiéies oF pfebipiféféd irbn.f£6CWM
faahgrejgdfgﬁe“sufféééEd%”fhé KhﬁaLin:¥h§ éas6rptibd chamber
%ana'aSéiéf'in5fﬁr£he£;rémoval,ofjtﬁe:irqh frbm tubewell_waﬁer,
" Water from the adsorption chamber flows over a weir and enters
’ihto %GEAfilﬁéf‘bed'(b), where most Q%:fhé”femainiﬁddpgéélafl .
itatgd iron'isffiltered and water which is al&ostJiébn-ffee;is
"aiscﬁéégéa'thigugh”é'ii'”inehvdiametéé bent PVC pipe (E).
About 90% removal of iron has b=2en achieved from the
plant., The approximate cost of construction is about taka 400/~
which is about 11% of the total cost of a new tubewell, Post
construction water consumption from the plants were observed
and thz=se have been presented in Table 4,20, An average increase
of just under 2,0.;;110n p;r.capifa ﬁé;lday water collection
'“‘ﬁaélséehiébséfvéd,AThe”féfe of ihtréase depends on initiali
Cioi.'!s,sim.ption; Thié w‘a‘te‘r 1s qenerarl,ly_U,t___,il‘l%‘se‘c‘f for _coo,k_.i,ng.,.j._
Q@?h%ng clothes and Qtenéils ?tC-ETh&r%foie. By,spéndin@.a599ti:nv
'_Hli@”moraiin the tubewell project in iron problem aress, about

an 80 p=rcent increase in water coll=ction from tubewells will

occur,

If in'futurejper cébita:collecticﬁ incréased fo'lﬁ‘gallon,
then in order to maintain the preasent length of runs between
cleaning of the plant, users par tubewzll must be kept limited
to 30U person as indicated by Appendix (-2, Alternatively, the

plant will require more fre=quent cleaning,



TABLE 64,20
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Variagtion in water collection from tubew=ll due to reduction of

iron concentration

Sample [Distance of | Water collection from Increased water
area housgeheolds tubewall collection
from tube- Before iron |Aftar ironfPer household}{Average
well removal removal (gpcd) (gpcd)
(ft) (gpcd) (gpcd)
33 5,22 6.78 1,56
100 . 3.23 4,46 1,26
, 150 1,17 2.42 1,25
T :
(Jikar- 182 7.29 9.43 2.14 1.61
gacha
250 2.48 3,33 0.85
300 3.47 6.24 2,77
132, 3.62 5.00 1.38
145 - 3.43 5.10 1,67
60 1,67 3.87 2.20
80 1,15 3.43 2,28
40 1,38 3,84 2.46
120 0.75 4,45 3,70
12
( Shaka~ 130 D.76 3.89 3.13 2.15
rigati)
180 0.42 2.30 1,88
200 0.50 1.61 1,11
240 0.21 1.87 1,66
255 0.61 1.55 0,94
Average increase of tubewell wat:r collection = 1,90 gpcd;




80 .

4,4.4 Platform bimensions (Bathing and wWashing Facility
at _the Source)

For drinking, cooking and generallyffoy sanitary purposes,
water is brought to the house by container from the source.
But for bafhing and for most of the time for washing purposes,
_water is utilised at the source, A sufficient quantity of water,
about 50 percent of the daily domestic total consumption, is

used for these purposes as indicat=d in the Table 4,6.

Rural people do not get the opportunity to ugilise this
large volume of water at present on a small tubewell platform
(Plate-8), which has inside dimensions of 2'-9"x2'-9" ognly. If )
some one wisﬁes to bathe or wash clothes on the presaznt type
of platform, water splashed makes the tubewell site muddy, for
which rzason most of the tubewell carstakers forbid bathing ...
on the platform to keep the tubewell site cleén and dry, In
addition, at the pesk demand period when several people attend
a tubewell within a short interval of time, people do not get
the .opportunity to spend timz for bathing and washing on the
+ubewell 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 to use unprotect=d
sources for bathing and Qashing, Further, a sufficient quantity

of water can be obtsined from other sources 3t the same time

as drinking water is being collected,

»E

In one sample area where thers is no tubewell platform

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



L Y

Plate-8

Plate-9

Washing and bathing is difficult on present
small platform, : ' S :

Washing and bathing is very difficult at
tubewell site where there is no platform,
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10 percent of the totsl collection, by the househnids around

the tubewell,

To allow people ta have more spaca for washing and
bathing, an extension of the present platform has been effected
in two sample areas (Plate-10), as per the drawing presented
in Fig. 4.15. Water collectiaon of some households around the
tubewells were observgd for several days both in summer and in
winter before and after constructing the extented platform,
Distance-tubewell water collection curves for both conditions

have been plotted in Fig, 4,16,

Post construction condition shows an average increase of
1,51 gallon per capita per day of tubéwell water collection
within 500 feet radius from the tubewell, as indicated by the

Table 4,21,

The rate of water collection increase with distance has
also been presented in Fig, 4,1f, which indicates that the
rate of increas= is higher for households living closer to
. the tubewell, This additional water was sometimes utilised
for bathing and sometimes for washing clothes, It was observed
that on occasions people washed clothes at the pond or river

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

The cost for the.extension of the present platform is
approximately Taka 175/-, Ther=fores, by spending about 5% more
in a tubewell project, an increased tubewell water usz of 12
percent of the deily water consumption may be achieved in

many places,

»*
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Plate-10 An exten_éiﬁn of the pres_'zent tubewell platform,

e
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TABLE-4,¢]

e r—————e:

Variation in water collection from tubewell before

and after constructing bigger platform

e7

Increased water

Sample Distance of Watsr collection from
area householes tubewell collection
from tube- Before After Per house- [Average
well (ft) constructing|constructing | held (gpcd) |(gpcd)
bigger plet~|bigger plat-
form (gpcd) |form (gpcd)
60 9.43 12,00 2.67
100 12.00 14,00 2,00
-3 100 10,50 12,00 1,50
(Site-),
Noep ara) 120 2.92 4,50 1.58
260 5,33 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 1,78
40 10,79 12.86 2.07
150 10,25 12,00 1.75
4
(Site-2 180 3.10 5.50 2.40 1,60
Biranpurs :
375 4,60 6,70 2,10
400 6.00 7.00 1,00
505 3.75 3.86 0.11

Averageiper capita incrcase of water collectidn(ﬁ) = 1,51 gpcd
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An important phenamenon is that on this new bigger plat-
form, one person can operata the tubewell for collecting water
_ by container and.anothér can tak= his bath or wash something
at the same time'wi£h previ0usiy cbllected Qéter{ i,e two
people can utilise th: tubewell platform 2t the game time
“(Plate~1I"afid 12), which is not possible with the traditional
platform, ‘

To allow people morz time for bathing and washing, the
number of users per tubewell must be kept limited, in addition
to the construction of a bigger platform, As preéehted in
Appendix-C-3, 20-25 users could be sesrved by on; tubewell, if
bathing and washing are done on the tubewell platform of the
present type, If the modified type is used, some 35-60 people

could be served adequately,

4,.4,5 Location_and Surrounding Environment of ths Source

Women ére the main wat=r coilectors in rural Bangladesh,
They fefch wéter for ihe house from the source by containers
mainly for cooking, dfinking and éanitary purﬁoées. They”du
host of the work of wéshing clothés and utensils, Classification
Bf the water;colledtors of five éample areas have been presented

in Table 4,22,
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"

Plate-11 Two persons utilizing the tubewell site at a time,

f

Plate-~l2 Bathing on the extended tubewell platform,
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TABLE 4,22

Classification of water collectors in five sample areas
in percent of water cell=ction journeys made -

Male Female

Adult Minor - Adult - Minor

11 4 64 | 21

Note: Minors are 15 years and und=r,

The table indicates that in B5 percent of ceses water
"collectors ares female, They do not like to expose themselves
to strangers on their way to the source., Particularly women of
respectable families of the rural 3reas do not like to come
out of their house in open or public places for collection of
water, Field observations indicatz that water collection from
tubewells located in open or public places is much lower than
from the tubewells located im unexposed covered places or from
private tubewells, (n an average to provide one tubewell for
160 people, presently public wells ar: generally installed by
the side of main road, in a road juncticn or in an open public
place (Plate-13 andvld), Rural women usually fetch one pitcher
of drinking water only in ths =arly morning and another in the
late evening 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),



o
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Plate-13 Very exposed tubswell site,

Plate-14

Tubewell site by the side of a main road,

91



9e

For lack of privacy at an expossd tubewell site, rural conser-
vative women do not like to spend time for washing clothes and
utensil, Bathing is actually impossible 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 1it,

In order to determine the offect of privacy of the source
on water collection from tubewslls, an érrangement was made to
creaste partial privacy at threze exposed tubewells by constructing
tarja fencing (Flate-16), Water collection of some houscholds
around the tubewells wer= rucorded for four dayé before and
after constructing the fencing., Figure 4,17 represents the
effzsct of privacy bf the source on water colleciion from it,
water collection data have bzen presented in Table 4,23, Post
construction conditicn of the fencing shows an average increase
of-about 0.7%gellon per capita per day water collection, within
500 fget radius of the tubewslls., This excess amount of water
was utilised mostly for washing utensils and sometimes for

washing clothas (Plate-17).

The actusl privecy of the source can only be maintained
where thz tubewell is located in an unexposed or screened
place. Watzsr collection from such a tubewell will naturally
be more (Plate-18), To maintain privacy, one tubewell should
be installed for each household or in a suiteble central place

between two to three households, where the households occur
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Plate-15

Plate-16

Rural women hesitate to go to exposed tubewell
site when many people movs along the road,

)

Arrangement for partial privacy at tubewell
site by constructing tarza fencing,

93
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TABLE-1.23

Variation ip water collection from tubewell before and
after creating partisl privacy at socurce site

Sample | Distance Water collection from Increased water collection
area of house- tubewell —_
holds from|Before After Per house- |-Average |,
tubewell construc-|{constructing |hold (gpcd) (gped)
(ft) ting fencing(gpcd)
fenting
(gpcd)
45 5.75 5,75 0
B85 6.50 8.50 / 2,00
17 5,30 5.50 0,20
100 3.50 4,50 1,00
160 5,00 6.00 1,00
13 260 3.50 a.25 0.75 0.743
270 4.00 5.00 1,00
350 0,75 2,00 1.25
355 2,57 3 N0 C,50
380 1.00 1,00 ) 0,00
420 2,00 . 2,50 0.50
50 3.00 3.80 0.80
100 2,10 3.00 0.90
100 : 2.06 2,20 Gg,14
100 4,40 5.10 0,70
9 150 2,80 4,10 1,30 0.602
158 2,54 2.90 0.36 .
200" 1,60 2.40 0.80 !
200 1,90 2.06 0.16
250 1,80 2,06 0.26
a2 3.28 4,44 1,16 ‘
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 0.51 0.61 0.10
425 - 1,94 2.80 0,86
505 1T 2.43 2.96 0,53
506 5.90 . 6,65 0,75

ag

Average per capita increase of water collection(V)=0,753 gpcd




Plate-17  Woman washing utensils at fenced
tubewell site, -

Plate-18 Woman bathing at protected tubewell site,

a3
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in a ciis.2r, Based ow-ﬁhree %ﬂffour kousenolds, at 6-T7 per
household, and tubcwell site heinn fanced,tvan 20-25 people

at the most could be satistied by one tuhewell,

4.4,6 Distance <7 the Scurce From HnUSéHuids

Figure 4,14, 4,16 anc 4,17 cle-rly indicate that per

capita collection from a tubewell decreeses jradually with
increasing distanc: of the households from tubewell and users
are irclined to use nearby unprotecited sodrcs2s to meet their
daily domestic water nee:s, The most impocicant facto;'which
cohtrols the amount o/ water collr-tion from a tubewell is the
presznce of bther competing traditionasl unprotected sources

like ponds, .rivers or "ing w:°lls =tc, near the households, It

has alrcady Qéan rzntioned zhat most rural paople use tubewell
"water at least for arinking,“But usage for othev purposes is

~affected by many other factors iike wavsr quality (Q), .privacy

of the sourc: (V), washing e baﬁhing facility at the source

(P) etc, ¢igure 4,19, indiecates *+hat tks more acute the various

problems are, the more unprotected weter sources will Be used,
The absence of an alt. rnetive suui;e in the vicinity, however,
cﬁmpels the us:rs to use tub:well water., Water calleétion from
alternative sources not only depends on vsrious probléms in
thé tubewell water supply but ales on it:’availability i,.e the
average dictance of unprotected sources froem houschelds.
Fig.,4.18,1indj;atﬁs‘tqét th» cleser the ;nppotgctedisgu:ce

is fror househald, the lower is the ampunt_gffwaten_cqllected 5

from the tubewell,



WATER COLLECTION FROM HAND PUMP TUDEWELL (GFCD)

i2
o
©
Lverage per Cepilo \ Q.c,a' Regutrement {(Q¢ped)
N | { l
\ fAimimum Qs_io:ncc cf Uncro(ccfra . ¢
\ Seurees from Hovechetes S02:000 ;
| | § €3
i
Vatee Cellestion
frem Unorofecicd Sources
¢
40
2k Ccilectien from | 20
Tubowels ’
o L =
c i i i 4 < i 1. ; O
{a]s] _ 220 300 460 S60 £80

DISTANCE OF HMCUSEHCLDS PRCNM TUSEWELL ¢FT,)

Fig. 4.18 Effoct of the Bictance of Unprefocted \Woter Sources From Mouschoids on
victer Colleclion From Tubotweld

S
(%9

~ TH

{1y PERIZNT) C)

WELL

LVERAGE VATER REGUIREMENT

LLECTION FROM TUBE

I

~
3

b

A

CATER €

\.
DALY

S



101

The :atiofbetween_;diséénce;fféh;house to pnbrotected
sﬁﬁrc;" aga “distance from house %o tqbewe]i“ aiso biéys an
i@%o#taét role in the selection of scurce, when the ratio is
”léés than one i,e the unpro‘ected qurce i; clcséf to the
household than is the tubewell, then water collection from

the tubewell is less than +*he collectinn from other sdurces

as indicated by ths curves 2, 11, 24 and 25 of Fig, 4.19(a),
4,19 (b). Figurg 4,18 indicates that whan thz distasnce of both

. types of sources from houseﬁolds are the same, only 35-40% of
the daily domeéﬁic reguirement of Waper is being collected

from th= tubswell, Wstef consumption from both tubewell and
poﬁd of some'households for three consecutiye days hayg'been
recorded and presshted in Table 4,24 and Table 4,25, Ave:age
distancz of botﬁitypES gf éources frc% £he househo;ds are nearly
the.same. Table.d.éa i&dicatés that.Jﬁg_of the total déily per
capits consumption was made from tubewell and the rest from the

pond,

Quantity éhd,physical quality of water, in add;tion to
dist?nce'from, an Uﬁprotee%ed source datsrmine th; amOUntmgf
water collection from it, It has been obszrved in most"oﬁ.tﬁé'k
caSg; examined that a&ong the unprotected soUi;és, nonds ahds\_
riQe}s are preferable to the ringwell for uscrs, cince a large
voluhe of water is readily avaiLable from the Former.{Curves
7,14,18 of fFigore 4.19(b),4,i9(c) indicate that altho;gh ring-
wellé‘are closyr-tu the houséhdlds thénstubewslls,.wa{er cqlleﬁg
tion from tubewells has been .found greater since the "i)':o:p.ds are

not closer than tubewells.
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TABLE 4,24 105

Water collection from both types of sources by the households
of Kagdia, Khulna

: ¥
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
C well (gped) from households (gped)
(ft) :
50 5,40 360 4,86 I 10,25
90 4,80 - 360 4,58 - 9,38
240 5.00 500 4,50 9,50
375 3.05 325 4,93 7.98
380 6.00 330 4,70 10.70
270 . 2,35 o 75 o 8,93 11.28
260 . | 1,30 | 65 | 9,19 11,09
420 - 1.69 400 | 8.20 9.89
430 1,65 410 8,11 9.76
430 . 2.99 410 . 8.08 1 11.07
MEAN =296 3,42 324" 6,67 10,09
In percent _ _
of total S 34% . 66%
co{lection . —

“TABLE 4,25

Water congumption (in percent of total reguirement) for various .
purposes and the source and place of use by the households of Kasdia

Source At source site: o At home
used
Tubewell 4% = washing hands and face 5% = Drinking
34% .. . - { 10% = Washing utensils
250 = wWashing utensils 13? = Sanitary and others
';:J ol Lt i 28 Lo :
Pond 30% = Bathing g 10% = Cooking

66% 20% = Washing clothes

# = Washing utensils:

= Sanitary and others

% 3%
53% ~13‘;:1'




. there arse fewer problems concerning water quality, privacy and, ~*=

.greater than in other areas, as the water quality"of'the‘unpro-;,

~digtances of the unprotected sources are more than three hundred

- feet away from households and the tubewell is closer than the - .

Curves 13,26 of Figure 4,19(c) indicate that although - - -

. %here 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

tected sources are not as acceptable to the consumers, - «
. N,

.. Curves 3 and 4 of Figure 4,19(a) indicate that where?"vfm_“;“

leatform dimensions of the tubewell water supply, where averags .

unprotected source, water consumption from the tubewell is at a-
maximum,. : : | | o el
It has already been observed that, where quality (Q) of

tubewsll water is associated with acute problems, then by

A

R

improving the water quality, on an average, tiubewell water'

consumption may be increased by upto 1, 90 gpcd Where prlvacy

(V) of the source is an acute problem, by creating partial . .

privacy, on an average, 0,75 gpcd increase may be achieved,
Where there is small tubewell platform, by providing bathing
and washing facility at the source through constructing of a .

bigger platfoim “then an average 1.5 gpcd increaSé'bf"Qaté;

) 'consumptlon from the tubewell may be achleved Where the problems

are not so acute, 1ncreaspd water consumption for bette; waté}
quality (g) better privacy (v) may bz conslder less than the SRS

above mentioned values, Lo b e
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Now, to provideAfér the ccllecﬁipn of a 10 gpcd water
requirement from a tubewell, the above mentloned problems in
tubewell water supply must be:eliminated; moreover there must
be é tubewell within 120 ta 170', from each household where the
, averégé dlsfance 6f uﬁbrotected soﬁfcés:from the household lies
betwp:n 300 and 500°', Within ll%l'whore'aQerage?aféfance tp
unprotected source from the household liecs between lOD' ané joa’',
and within 60' for lesg than 100' average distance to the “
UNprotected source from the hgusehold as represented in. Table 4,26,
As por Flgurb 4, 2 in the flrst case 20 to 40 people, in the
second class on an avffég less than 20 and 1n the last case
less ‘than 10 people will be benefied by one well Table 4,26
alsq indicates that.where there areumanywunprgtgcted sources,
morg tubewells‘should be installed and fhe tﬁbe-wells must be
clogér'£ﬁ‘the houééh;lds thanféfhel ééurces,;foé tﬁére_tﬁ;be
a greater use madé;of'tubewells.“~ e : :~~€ | .

From Table 4,8, the average distance of péndsjfrom house~
holds is about 300' and average distance of rivers from thse-
holds is over 550' in the study ares, In the rural areas gen=srally
pona water use is very éommon;‘fnerefore,.according,to Table 4,26
and:Figure 4,2, té ensure more utilization of tubewéll water,

a tLBeWell should be.inétha range lZO'—l?D' from each household
in most places and on an averagé one tubewell is required for

20-40 persons, for optimum usé,



TABLE 4.26

To provide 10 gpcd tubewell water supply, maxinun distance of tubevell from househol ds

under various:field con&l’dons

- {Average distaice of unprotected sources 300-5001)

Present

Corresponaing

’ Expected 1ncreased water collection Maxioum
Average Ratio of " tubewell for following improvement (gpcd) ninimoum distance of distance of
distance to average Platforn . collection househol ds tubewell for
Curve §{ unprotected distance of Hater Quality dinension Privacy of source si\fe from tubewell § from tubewell { 10 gpcd
, _ Total A

Yo water unprotected Q q P v v apcd) to meet () collection
{Sample{ sources source to 10 gped from tubeyell
_area) (S s) tubeyel] (1.90 gped) 10100 gped) § (1,50 gped) } (0.75 gped) § (0.40 gpcti) ", requirement - Y (ft)

1 500 “1:2.38 1.90 - 1450, RE - 4,15 5.85 10!

3 350 1:1.55 . - - - - - 0 _ 10.00 1424

16 315, 380 ] 121461, 1:1.95 - - 1.50. 0.75 - 2,25 LT 1251 1201701

4 300 1:1.46 - - - 0.75 - 0.7 9.25 120t

5 00 g 12141 - - 1430 0.5 - 2.25 175 -

\“,N‘m . Py -
(Avg. distance = 100'-3001)

5 275 IR - 100 1.50 - - 2.50 7.50 1151

7 219, 143 }1:1.81, 1:0.93} 1.9 - 1.50 0.75 - 515 5.85 P! st

2 1% 1:0075 Aad - 1.&] o75 ‘ had 025 7;75 -

(Avg. distance ,<100') -

26 62 1:0.25 1.9 - 150 075 - - §,15 5.85 60!

1% 120, %0 §1:1.1, 1:0.36 - - 150 - 0.4 1,90 - 8.10 for - '<60'

13 S 90 1:10.34 - - 1.50 0,75 - 2.25 .75 35t

18 482, 78 1:2015, 1:00#0 - - 1!&] - 0.# 1.90 . 8010 -

.1/ Froo Figure &.19

80T
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4,4,7 Stepwise Regression analysis of factors affecting
per capita water consumptian,

Thz physical factors affecting per capita water consump-
,_tion:aré'hqw,incorpoféted irto stepwise.liﬁeéivregiéééian.

model forfrural water consumption, The model:reprpsents average
condition; of fourteen samble areas, Using averagé pef cabita‘v.
water consumption as dependent .variable,one might postulate that
Ql variesiwith Distance ratio of protected sourcé tq unprotected;s
Xl, Water Quality; X2, Platform Quality; ka, Locétiqn of source

siteg Xd, and number of users per pump; XS‘

The model may be expressed symbolically as follows:

AY

Q——.f(xl’ x2’ ® o o o 00 0 00 . xs)

In linear form sbove eguation can be .expressed as

Q=1a+ bxl + CXA +.dxg +oex, 4+ fxs

2

where Ql is the depencant variable, Xl, X2, ""“_XS are
independeant variable'a'is‘thé'intercept( b,c,d, e and f are

the regression coefficiants,

Model is subjected to stepwise multiple linéar regression
analysis using the PSS package program on the IBMN37DrIlS
system at BUET Computer Centre, The input data for model is

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

Q= - 6.32705+1,975684X +.02394X+.09 T41X,

( 3.286 ) ( 3.393 ) (2.715)
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TABLE~ 4,27

Input Date for the Model

Varigble No. 1 2 1.3 4 S T S
Parameters :
: Q X1 X X2 X3 1 x4 . X5
Sgmple aresg - .-
3 8.25 1.55 1C0 75 50 085
4 T.40 1.46 160 70 25 .. 080
16 7.40 1.75% 100 50 25 084
14 5.80.."1 1.10 100 50 . 30 - 100
1 5450 2.38 025 5C 12 150
5 5.40 1.38 050 50 ' 75 - 085
13 4.40 - 1.00 100 50 05 090
25 3.70 1.10 100 50 '35 070
18 3.50 0.40 100 35 75 160
2 . 3.00 0.75 100 50 10 080
26 2.70 0.50 010 50 i 20 105
7 2.60 0.93 025 50 e 070
24 2.50 0.96 [ 050 50 25 080
11 1.70 1.10 010 {1 50 5 070
%:W?mz e ——

Caloulated Mean(%) }1.56071 | 1.16857 | 69.28571 | 52.14285| 31.21428 | 93.50000

|

Standard i '
deviation ((} 3 2.09249 | 0.51415 | 38.47360 ! 9'55033! 21.5%412 | 28.06514

PN

{ ’

- -

Q = Per Capita Vater Consumption in gpod.
X1

1l

Distance ratio of‘pfbtected sovrce (T/WL) to unﬁfofected source.

X2 = Water Quality, expressed as % acceptable to consuners.

X3 = Platform Quality, expressed as % acceptable to consunmers.

X4'S Privacy/Location of source (T/7L), expressed as % accéptabie to
consumers.

X5 = Number of users per Tubewell.
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(The coefficients in parenthesis are the T-values)
Multia}e correlation coefficient = .906, R2 = ,820

Fevalue = 11,340

Only three of five incependent veriable were entered significant

in the model. They are Distance ratio of protected source to

unprotected; X, Water Qualityy X, and Platform Qualityg X

2 3:

" "Distance ratic; Xy» has @ simpls correlation coefficient
of 0,6441, water quality; X2, has a simple correlation coeffi-
cient of 0,5376 and platform quality; x3, has- a simple corre-

lation coefficient of 0,6348B with per capita water:consdmption

as presented in Table 4,28,

The results of the model are summarized ;n'Table 4,30,

4,5 Discussion:

Unlike for urban water supply syst@ms, the.detarmination
of water requirement, selection of a source and determination
of a collection and distributign system are not the only major
sfeps in the design of a rural watsr supply system, airce
simple technology is applied, marked difference between per
capita water requirement for health and per capita water
;ollettion from the selacted source is observed in the rural
afeas, An understanding of water consumption patterns.ahd
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
' CORRELATION MATRIX

s \
Variabls .
No 1 f 2 .3 | a4 5 6
o et ~ } _ _ - -
1 : 1.0006 | 0,6441 0,5376 ~ 0.6348 = 0,1749 0.0634
2 ' 0D.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 0.1749 -0.1536 0.1483 -0,.1165 1.0000 C.2502
6 0.0634  0,0671 -0,0210 -0.4247 - D,2502 1,0000
TABLE-4,29
Regresgsion Coefficient _and Computed T-value
Variable Regression - 3td, Error of Reg, ’ - Computed T-value
number coefficient coefficient ' . o
2 b = 1,97584 ’ 0.60077 " ] ‘ 3.289
3 c = 0,02394 0.00705 - 3.393
4 d =0,09741 ‘ 0.03587 ‘ . 2,715
5 e = 0,01853 0,01285 o o 1,442
6 { f =10,01351 0.01118 ; 1,208
. . . . . . 4
Intercept (a) = - 6,32705 E




TABLE-4,30

Stepwige Regression Analysis of Factors Affecting Per Canita Water Consumption

Avg,per capita { Intercept Regression coefficient of
water consum- ‘ ‘Independent variables MultipletMultiple{F-value Se
tion ‘ ' : : 5
U a . U X2 X3 Xy Xs R R
For Fourteen . 1,97584 | ,02394 ,097411,01853 |,01351
- -6.,32705 KK KKK *x x x 10.906 0.820 11,340 1,127
sample areas (3.289) | (3.393) |(2.715){(1.442) |(1.208)

Notes F-va

Se

The

XKW
*X

«
R 1is

R2 i

lue is thes variance ratio

is the standard error of estimate of the multiple
regression equation (Adjusted for D.F,)

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

Significant at C,Ul level
Significant atlﬂ,OS level
Not significant at 0,10 lev=l

Multiple correlation coefficient (Adjusted far D.F.)

s the cpefficient of Determination,

ETT



TABLE 4,31

e —————————

Table of Regiduals

114

Case No, Y Value Y Estimate Residual
1 8.25000 B.50929 -0,25929
—a—
2 7.40000 7.31365 0.08635
3 7.40000 5.99252" 1.40748
2 5.80000 |  5.01699 0.78301
5 5, 50000 i 6.09263 -0,59263 o
6 5.40000 5,00462 5.39538
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 0,21200
13 2.50000 3.18075 -0.680{;
14 1.70000 2.36484 -0.66484

et AR X

veé
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For design purposes for the present time, an average of

10 gallon per capita per day domestic water consumption may
be considered acceptable under rurel 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 gsllon per capita per day, Moreover,
this consumption figure lowers the incidences of.diarroheal
attack according to the former Cholers Research Laboratory,

Dacca,

Rural people collect anly 3U-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 desiréble to attaiﬁ thez objectives

of the water supply programhe,

The main reééons fﬁr non-usage of tubewell water are the
traditionalvhabifs of the rural people and thei# iack of
awarenéss about the causes of water borﬁe diseases.\The only
solution to this brobléﬁ is a massive compaign on health
education, But motivation about health ceducation alone cannot
change the situation, Other physical facilities must be provi-
ded on the basis of cultural'daﬁand; which is‘feasiblé and.

contributed to h=alth,

The present tubewcll platform dimensions are not adequate
enough to allow bathing and washing on it, Moreover, a suffi-
cient quantity of water cannot be: yielded at a time for the

purpose, Construction of extended platforms has yielded
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increased comsumption as indicated by the Table 4,21, Benefit
achieved in. comparison with sdditional cost is satisfactory,
Construction of small brick water. reservoir (turnkey) ar
supply of earthen 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 =f7a2ct on water
consumption, since women are the main water collectors,
Arrangement for partial privaecy of the source resulted in
increased tubewell water collection, If tubewells are installed
_in protected and fanced places, tubewell water collection will
increasc, This sitr selection will not involve 2xtra cost,
Some tubewells are also required by the side of roads, in road
junction or in public places for male collectors, Physical

and chemical quality of water destermine the choice of source,
To ensure more use of tubswell water, quality must be within
the acceptable limit of the rural.consumers. The world Health
Organization's standard fof drinking water quality can not

be followed strictly inbrural water supply. Rural people
acceptvtubeweli water having iron confent upto 2-3 mg/l and
.chloride content upto 400 mg/l without any oﬁjaction in many
lplaces. Where iron cantent excecds fhis value, removal of
iron thrdhgh constructing iron reméval plant§ is essential

to inc;ease tub:2well waterx consumption; as has been seenvin
"two places., The extra cost involved for this is small, in-
cbmparison with thé'Eenefit, Construction of dééb tubewells

or infiltration\gallErias'idﬁsearch of water with lower

AL
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chloride content may provide a similar benefit, Distance of
the source from households determines the amount of water
collected from it., As indicatzd by Table 4,26 the presence of
other cdnvenient unprotzcted sources reduces the use of
tubewell Water'siQnificantly, where the tubewell water supply
is associated with various problems, The absence of other
suitable sources in the vicinity compels the users to use

tubewell water as indicated by curve of Fig, 4,19,

To ensure more use of tubewell water, tubewells must be
closer to the household than other unprotected sources, i,e,
more tubewells are rcequired where there are many unprotected
sources, As indicated by Table 4,26, t. allow the collection
of 10 gpcd water rasquirement 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 households
lics between 300'-500', The number of people that could be

served by on=2 tubowell under this condition can be calculated
from Fig, 4,2, when tub=swells are located close to the house-
hold; more céllection journeys arc made and a gmaller volume

of water is collected p=r trip as yeprersented by Fig,4,5 and
4,9, Therefore, grcater accessibility to ths tubewell eliminates
the necessity of intermediate water storage and thereby reduces

the possibility of contamination during storage.

If we were to provide all the above physical facilities,

the theoretical calculation as presented in Appendix-(C-4,

(V)
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indicates that ZU-AD p2rsons should bz served by one tubewell,
Therefore, for some 90 million rural peopl= by thes end of 1985
about 3x;06 total tubewsells would be required for the whole
country i,e an additional_2.5x106 tubewrll sinking program
should be completed by 1585, which is simply impossible for
economic and various other reasons, tven if the money were
available; implementation of such large pfogram needs a
massive expansion of the responsible organizations, In
addition, maintenance of those tubewells would be 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 pzopie's participation

to share the responsibility with the Government,

Since the density of population in habitable rursl areas
varies from place to place, the allocétion of tubewells on
the basisg of population figures in an area will result in an
uneven: distribution of tubewells, Moreover, limiting the
-distance betwesn tubawell and households cannot bs maintained
in many places, for a wide variation of density of population,
they may be classified into some groups, After the distance-

' population c¢urve has besn drawn on the basis of avarage density
of population and an ar~a classified iﬁto one or other group,
then the population figure may be used in the determination

of number of tubgwells required in an area, as has been

calculated in Table 4,3,
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Where few propls use a tubewell such as scattered

_V.communities, the family pump tubzwell is a8 less costly

option, Table 4,3 indicates that one tubew=2ll will serve
less people in scattere2d communities than dunse communities,

i,e more tubewells per capita arc neaded in scattered

communities where gensrally comparatively richer people

live; which implies that richer people get bettsr sgervice,

Results obtained from the regression analysis are not
fully conclusive, since input data for the model are based

on few sample ar=as,



CHAPTER - V
SUMMARY, CONCLUSIONS AND RECUOMMENDATIONS

5.1 Summary of Findings:

- Density of population in habitable rural areas varies
widely from place to placeAand it is high iq clustered settle-
ment arzas, lLocal tOpograbhy and socio-econémic status have
some influencé on settlement patterns, Poor people live in

closer association of houses than the rich,

- Average per capita water consumption in thg rural arcas
is found about 10 gallon/day, Housshold size, sanitary facili-
ties, socio-economic statqs are the most important factors
~affecting water consumption in the rural ar~as. About 50
percent of the daily requirement of‘water is utilised for
bathing and washing at the source, Cows used in cqltivation -

consume about 5-7 gallons of water per day.

- Accessibility to the source, quantity of water available

at a time, physical and chemicél rathar than bacteriological
quality of water determine the choice of source., Presently

only 30-40 percent of the daily domestic requirement of wateg'

is collected from tubewells and thwz rest comes from unprotecéed
sources, Among unprotected sources pond water is used more
frequently and its average distance from households in many
places'is nearly equal to that of thz tubewell., Water collectioﬁ'
from tubewells decreases by 10-20 percent in the rainy seasson

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

are optimum for users arcund 60 in number,

- Main reasons for non-usage uf tubzwell water are tradi-
tional habit of the rural people, lack of awarness about the
causes of water borne diseases, its water qyality, lack of
privacy of source site, small platform dimension and distance

to the source,

People prefcr water which testes good, looks clean and

does not change the colour of food and clothes. Iron concen-

it

trations less than 2;3 mg/l, chloride concentrationg less
“+than 400 mg/1 in tubewell water have besn found acceptable

to rural consumers, Réducticn.of iron concentration from tube-
well wafer through an iron removal plant increased the tubewell
water consumption by an average 1,90 gpcd in two places. Arrange-
ment of partial privacy increased the tubewell water consumption
by average 0,75 gpcd in threes places, Construction of biggér
platforhviﬁcféased the tubewell water conéUhption by average

1.,%1gpcd 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 1s associated with various
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other problems and where alternative sources are clogser to the 5
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 afféc-
ting per capite water consumption, 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 are drawn on the basis of

results obtained from field investigations:

(a) Small diameter tubewell with No,2 pump is suitable

under certain conditions if the number of users per

-

tubewell is reduced, ' LI
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& (b)
F)
b-1,
»
A
b-2,
b-3,
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To obtain the maximum utilization of hand pump
tubewélls, i,e, to increase ssfe water usejin
addition to a health sducation and motivation
progcramme, the following physical facilities should

be provided -

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

be conducted in search of low iron content aguifers,
If the abov= attampt fails, small iron removal plants
should be installed, where chloride content exceeds
the above allowable limit, construction of a deep
tubewell or shrouded well or infiltration gallery

ig needed to ensure acceptsble low chloride concen-

trations,

i

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

be constructed where therz is no glatfaorm,

Arrangement for partial p.ivacy should be made

whereever possible, In the future tubewell sinking

‘programme, attention should be given to proper

tubewell site selection, Where women are the main
water ccllectors, location of the tubewell should

be in a protected, fenced place, but must be

accessible to all us:rs, Some tubewells are algo
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(d)
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2k

needed in road junctions or other suitable

public places,

Since it is not possible in the nesr future to

provide one tubew=ll for 20-40 persons for various

reasons, every =ffort should be made in selecting

proper sites for tubewells in lccalities so that

the distance of a tubewell from all households is

the minimum poséible, Present site 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 <bsolutely necessary for more .
use of tubewell water i.,e of safe water as observed -

in the study.

Reduction o’ that distance can only be achieved .
through people's whole hearted. participation and

through more extensive exterual “elp and co-operation,

[t is also thought that governmment could allocate

somewhat more resourc=s to this sector than present

planning documents indicate,

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

in the allocation of tubeswells in an arcea,
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5.3 Recommendation for Fuiture Study:

‘Rural water supply problems have been studied to some
extent in only three districts in the south-western part of
the country and the results whi;h hgve been~obtained.%rom the
invgstigation méy not be applicable td othef'pafts 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 gach zone a similar type

of study should. be cn"ducte_, }Oecific study of the major

parametnrs like water. qualltv sfandards, distance factor;

~settlement Patterns, 1mportance of prlvacy ete, should be

-
-3

.conductad to establish applicable desiyn,criteria'fof the

- particular zone,.

A long term studdy on the perfomance, éuitaﬁility,

people s acceptablllty and structural durablllty of the iron

'removal plant is rhcommended in order to 1mprove the deszgn

~'¢',
of low cost iron removal device,

&
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APPBNDIX A1

INTERVIEW QUESTIONNAIRE T
Vﬂ]age veessacecsencssetone 2. House NCa tese coa t0eng e 3» Da’l:(: 2990080008900 090g e
Informant (relation with house head): 5. Rel1gion eececcasesseescce

Popul ation served by own kitchen:

<1 yr. ' 1-16 >10 years Total
’ {

Wl F W1 F F R G

occupation: ..o...o-on.oont;'-l....ooo. 80 TO:tEﬂ ]and Omed: coesogepesp e (Bigha)

I Nothing '_Pr!mary ‘S'econdary Above Secondary

Level of educatlon:

foproximate monthly Income: ~(Taka) . . _ . __ 11. PFoor area-of all roofed duelling o.eseceses (sft)
Estimated value of the family property: (Taka) _ ==
ROOf made Of: 0980000000080 vcensssoce 14 Yall made of: XITY I YT TR Y TTYYY
Distance of nearest water sources and travel time:
Tubowal Pond  River 1 Ring well Canal 1 D1 teh
(Ft.)
(¥n)
Sources of water for Domestic purnoses
Nature of PO
Season /w R/ - Pond - River Dtch Rain ¥Yater
consumption TS
. Ory , . N
Orinking Raloy
Ory
Cooking Ralny o f
Washing Dry . A
clothes Rain JTORUTS | I
Washing . . ,..,...;‘i il
Utenstls [~ Ralny vl O v
Ory -
Bathtng Ramr -
For Ory L e
Cattle Ralny acses
Sanitary ﬁy . anaoa
Purpose Rainy

coese/
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(Cont'd)
)
" 17. Reasons for non-usage of tubewell water for all domestic purposes: YES NO
B (a) Tubewell §s too far away - /] / /
(b) PondRiver is claser to the house - / / / )
(¢) Sufficient quantity of water 15 available from surface sources - / / / /
(d) Feel comfort in taking bath and washing cluthes in pond and river - / 7 / /
(e) tore time is requircd in fetching water from 2 tubewell. ‘ashing :
and bathing not possible at peak demand pericd ~ / / / 7
(f) Tubewell water tastes bad and has a cloudy appearance - [ ] / /
" (g) Cooked food and clothes become colcured - / 7 / /
(h) - Take more tine. in.boiling rice and dal - / / / 7
(i) Hair becomes sticky - / ] / /
(j) Taking bath and washing clcthes on small platform is difficult - [ ] / 7
(k) Tubewell site becomes fiouded and conteminated by waste water; R
caretaker does not permite / / / /
. (1) Tubewell is situated in an exposed place;mre tirc cannot be .
'Y spent for washing and batning by tic womer for Tack of privacy - /] [ ]
’V (ﬂ‘x) Othef‘ reasons (if ﬂny) 00‘.0'.J.j'.oocoo--O0.00.h'o.co'..000!000.'010...0.0.0.0. ------ tos0scvssecessnsee
18. Mater u.sage' fron verious sourco:
- uater fc?ﬁ‘e‘c‘t‘e-g from tubcwell . o Na}j_t%_f‘ lc;}]'c‘t_::t‘ed from. pond/river :N
Tube- ) liode of [“ Quan~ ¥ Pond/ Mode of uan-
well Date * collaction and tity River t Date collection and tity
Noo . _purpase of use (galle) ) sioe & purpose of use i (galle).
f 1 :
: b
i
» ¢
] | ; S
’ i SN
: oo
] 4 . l




APPENDIX A-2

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

Model Weight {Cylinder]Stroke | iischarge
Name ( pounds) | diameter{Length | Minimum Specific use
(inch) }(inch) (gaéjonf'?

New , _ M .

No .6 65 3.5 §.5" 6.00 Most common type an

(UNICEF) use all aver the
country

No,4 Very shallow wslls 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

No, 2 Is used in areas

Family 22 2.5 4.0 1.4 where potable aqufer

Pump - is aveilable at reasaon-
able shallow depth
(30-45'7), Meant for
use by a single family,

Deep Used where water

Set 5 . table goes below

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

with 65 during dry ‘season,

Ne,6

Head

A

A

Discharge for twenty strokas under 5'-0 static suction
corresponding to mean sea level at a temperature’of 86 F,

otift
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APPENDIX-'C-1"

Maximum number of users per tubewsll on the basis ifrtimg
required in fetching water from the tubewsll -

~

If it is considered that people will collect entire domes-

tic requirement of water, i,e 10" gpcd from tubewgll, then numbéar’

of trip required per person per day is four assdming 2,S'gallbns
average collection per trip,
.Now if 160 people use 8 tubsewell, total number ofttrips

to a tubewell is 640 trips ﬁer day.' b

About 0,625 minute is required to pump 2,5 gallon of
water from a tubewell having yield capacity of 4 gpm and
approxlmately 0,67 minute is spent in cleaning and plac1ngvthe
container in proper place during water collection, Therefore,
total time spent at tubewell in water collectloﬁ‘ppr trib 1s.
equal to 1,30 minute,

Since about 1% percent of the totsl collection journeys
are méde per hour at peak demand neriod, total number of trips

: 4 . .
per hour at peak demand period = é%%gi— 90 collection journheys

in one hour,
Total time required to make 90 collection journeys is
equal to 1 30x90 = 117 minu*es, i,e 160 people can not be

e a

satisfied by one well under 1deal water COllPCthﬂ condltlons
If théucpliecticn jurneys'aré made uniformly thrpughbut
the peak demand hour, then 1ax1mum numbPr of pprson could be
60x100
satisfied by one well = T 30x14x4_82 persons. Since at peak
demand hour sceveral 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 tubewell 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 betw=2:2n backwashes of an irgn 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 Wo,2, raw water iron content is 8 mg/l1

and treated water iron per litre is 0,4 to 0,6 m3,

About 100 us=rs uge 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 between cleaning of the plant,

users per tubewell must be kept limited to 2%%29 = 30 person,

’

Present length of run between cleaning 1is 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 limit=d area (2'9"x2'9")

If on an average 5 minutes is spent per trip for wsshing
utensils, clothes and other purposes tHen a8 maximum 12 collec-
tion journeys could be made in on=2 nour, 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 total collection journeys

per hour is equal to AZ%%QQ = say 85, As per Fig, 4.2, house-

holds living within 100' from a tubewell on an average made

about 28 collection journeys p=r household per day.

Therefore, about %%—25

by one tubeswell and maximum 2U0-25 persons will be benefited

3 housesholds could be served

if bathing and washing are done on the present tubewell

platform,

On the other hand where there is an extended 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
free for others. And by that time one Or two users can easily
use the tubewell Fér any purpose, Therefore if on an average

2 minutes is spent per trip, about 30 collection Journeys could

} 30x100
1.8 77%28

one tubewell and about 55-60 persons will be nefited,

be made in dne hour,

2~ B8 households could be served by
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Optimum nunber of users par hanﬂ'pumb“fdbewell 

For. the condition .

Maximum permissible -

number of Lsers per hand

To have the facility of bathing

pump tubew=11

(Art,; 4.4,4)

a, washing on new: tubewell plagtform - 55-60 oergon ¢ -
' (Appendix-B=-3) - . ; :
For the mainfenancefof hetﬂer '
b. privacy of the sourde sit: 15-25 person

To.aveid any rush at tiisenell
site at peak demand hour
(Appendix-B,2)

20-30 ‘person

To maintain a long Length of run

between cleaning of ithe iron

removel plant (Apaundlx—B 1)

'20-3dﬂﬁersoni

H

Ta prbvide a tubew-11l within
120-170' from each nousszhold
(Art, 4,4,6)°

20-40 pe srson

To maintain 2 optimum maintenance

.é.cnsj.of traditinonal.ihand pump .
| tubewell (Art 4.3 2)

..90-60 person i,

;WLW.NJ;_J~W“

To rwduce the chances of
Bacteriological contamination
of tubewell water {Ref_42)

lecs than 239 person

Recommendation.of Ruiz of
Colombia (Art, 2.1.4, Ref,620)

20-50 person

Therzfore one tubewell may be provided for 20 person in

scattered populated area and for 40 person in densely;populated

area,
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Calculation of mean and standard doviaticn fron di fferent value of main- 134
tenance cost with variation cf users
Maintenance } Step devia- Step devia-
Nunber cost of tion from § tlon frem 9 g ?
of users tubewell arbitrary .- arbi trary didy p dx dy ydx ydx
in Taka value (M) = value (Ay) =
X y I dy _
20 2 -6C -6 360 3600 - 35 -120 1200
25 7 -5 -1 55 3025 1 - 385 21175
30 2 =30 - b 300 2500 36 - 100 5000
0 4 -0 -4 200 2500 16 - 200 10000
30 5 -5 -3 150 2500 9 - 250 12500
0 9 -40 1 ~-40 1600 A - 360 14400
50 10 -3 2 -60 900 4 - 300 9000
60 6 -2 -2 40 400 4 -1 2400
60 22 -0 14 -280 ] 196 - 440 ¢ 8800
65 1 -15 -1 15 225 1 - 105 1575
5 8 - Ay -5 0 R 0 - %0 200
80= Ax 8 0 n 0 : 0 0 0 0
80 12 0 4 0 0 16 0 0
80 22 0 14 0 0 196 0 0
80 23 0 .15 0 0 225 0 . 0
115 20 + 35 12 420 1225 144 700 24500
115 30 35 22 170 1225 464 1050 36750
115 43 35 35 1225 1225 1225 1505 52675
120 33 40 25 1000 1600 625 132 52800
125 546 45 38 1Mot 2025 14440 00 93150
190 K] N 22 1540 4300 534 . 2100 § 147000
150 50 n- 42 2040 4900 1764 3500 245000
250 35 10 21 4390 28500 129 5950 § 1011500
30 20 240 k2 10080 57600 1764 12000 § 2880000
+ 35 « 292 25015 1212795 22400 27775 | 463%625
Mew: X = 80+ S . 0h3 users ’
—n 2 h
y- o 8 '3%‘2 L] 206.16 Taka
. / 2 .
G
&y -\/%’99 - (%’,;2-) Jox o 1221

= 28'02 Taka

24

s G
\#
505312 = 206464

o 69461 users

id
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v : Calculatlon of mean, standerd doviction frep di ffiront.

. ...value.of per”cap! ta vater .coLiection by observeu hou.chol ds  {Ses Fi qure .4 aisy;
Per j ; ! . Step “Step ]
capita Percent it d deviation { deviation ‘ _ _
water house- ‘value . from fron ; 9 9 . §2
collectionf hold ..-3.of X .| prbitrary | arbitrary } dxdy . § . .dx dy” o peydee o ydx
(gped) | ¢ (@) | (gped) “value | value : : : ;
X b oy X (Ax) o dx [ (&) = dy
o1 -} 10 fos- | -+ | o oo | 16 0 BRI BT
1-2 - 20 145 -3 : 10 -0 g 100 - 60 1 1860
23 | 15 25 4 -2 b s o b s b -xn 1 o
3 . 1 A .
4 ST 3.9 T 7 ) - 7 (. 8y -7 17
» : . . .. ) : :
. 56§ 71 55 1 o3 -3 b s | 1} 1
6T 8 6.5 - 2 -2 -k 4 A T 32
. 18- 1 3 7.5 - 3 -7 - 9 I DI Y
89 - 3. 185 L & S B -8 F 16 w2 4
9-10- § {2 f ies s - 8 -0 s 64 6 | %0
s | o5 V5 .5 <143 5§ 39 | <03 .5t
toan » 5 ot 2% x oo by 0t s ped
(a),h..’123.9,,,,.;.\&..-:,.;”‘,.’5&:;7AK..E.E.,é.aﬁ,..s Tggmx 1= 357 gped
L T ,,-:.3»\‘» - {u-c..r\-;i.» e l T .o - . . .
é T et
{b) Standard deviation = QO w ¢ \ Ly (gﬂlg)g} = 24270 gped
YRS 3
»
B



APPENDIX D-3

I36
Calculation of fean, Standard Deviation .
from di fferent value of collection journey [ uith variation of tine {hr)
(See also Figure 4.7 and 4.8)
e Step T Step T o
B Percent. . : de.vlila.ﬂ‘on deviation
Time coll ec~ fid from "} from T " EREE _ o
in tion value arbitrary § arbitrary | -dxdy dx dy ydx ydx'
(hour) journeys | . of X value value
X y X (M) = dx § (&) = d ot
0500-0600 | 1.0 . f{0sS0. j. -7 1 -h0 | 28 ¥ 160 |-70 | 40
0600-070 | 7.5 06.50 -6 +15 - 940 36 2.5 {1 -45.0 |} 2140
0700-0800 § 140 f 07.50 -5 +80 400 % 3 60 Pomo ) 300
. . . A 2 . L
0800-0900 § 13.5 - : 08.50 - & e 75 §-30.0 16§ 56.25 ] -540 } 216.0
0900-1000 | 8.0 | 09.50 -3 .22 |- 6.8 9 b8k | -24.80 73.8
1000~1100 1.0 10.50 -2 210 |- 20 4 10 | -140 2.0
1100-1200 | 6.0a4y | 11.%0 -1 0 0 1 0 - 6.0 6.0
' 1 i _ ' '
1200-1300 5.0  F12.50=Ax 0 -1.0° 0 o} 10 0 0
1300-1400 5.2 13.50 1 - 0.8 - 0.8 1 0.6 } 5.2 } 5.0
1400-1500 3.5 14,5 2 ~0.5 J-1.0 i 0,5 | 11.00 2.0
1500-1600 | . 7.8 15,50 3 +18, LS 9 ] 32 | 234 1.2
1600-1700 f . 8.0 . f 16.50 A 220, {480 ; | ST SRR, B 1280
17001800 § 7.0 1750 5 } v10  fe50 s TO 7 F 35.0 f 1750
1800-1900 bl 18,50 6 -1.9  } -1 36 3461 24.6 147.6
1900-2000 0.2 19.50 7 - 5.8 -40.6 49 33,64 1.4 9.8
-~ _ S
SUM 1007, 0 1140 #15.0 280 191,72 -88,0 J+1590.6
R s "‘:ML-T R et A i S s
(a) Mean X = Ax.mx ¢
4
88
- ,2-5 + —.To-ﬁ- x 140
u 11662 hr,
. o .y
((b) Standard Deviation o N/ SdE. . fEIE .
=9y negqy
A= AL
" 100 \100
- 1413 = 383 hr.

g A e
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