
(C / / 

2 7 0 

81 DE 

M> 

/PM 

w. 

', : ' • ' . i •' 

fkm®gm Mma^ 
fi tl/f^rr & &£ 'Set** 

'2lO^\b£^loi 



V 

DE5IGIM PARAMETERS FOR RURAL 

WATER 5UPPLIE5 

IN BANGLADESH 

V' 

- , ' r " l 



DESIGN PARAMETERS FOR RURAL 

WATER 5UPPLIE5 

.IN BANGLADESH 

A T h e s i s 

by 

F a r o o q u e Ahmed 

KI> LjoSO 

S u b m i t t e d t o t h e D e p a r t m e n t o f C i v i l E n g i n e e r i n g o f 

B a n g l a d e s h U n i v e r s i t y o f E n g i n e e r i n g and T e c h n o l o g y , D a c c a 

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

o f 

MASTER OF SCIENCE IN C I V I L ENGINEERING 

A p r i l , 1 9 8 1 

LIBRARY, INTERNATIONAL REFERENCE 
I CENTRE FOR COMMUNITY WATER SUPPLY 
l AND SANITATION (ISC) 

P.O. Box 93190, 2b09 AD The Hague 
I Tel. (070) 814911 ext. 141/142 

RN: WSO gtijM 
L0: 2 ? o 8ID6 (2nd ccgj) 

r 



CONTENTS 

LIST OF.FIGURES 

LIST OE TABLES 

LIST OF PLATES 

ACKNOWLEDGEMENT 

ABSTRACT . 

CHAPTER I INTRODUCTION 

1.1 Statement of the problem 

1.2 Rationale of the study 

1.3 Objective of the study 

CHAPTER II LITERATURE REVIEW 

2 . 1 P r e v i o u s S t u d i e s 

2 . 1 . 1 Fundamental Approach 

2 . 1 . 2 Wgt^r r e q u i r e m e n t and F a c t o r s 
A f f e c t i n g wate r consumpt ion 

2 . 1 . 3 Source S e l e c t i o n am! : F a c t o r s 
D e t e r m i n i n g t h e Cho ice o f Source 

2 . 1 . 4 Number o f u s e r s p e r Tubewe l l 

2 .2 Conclu s i on 

CHAPTER I I I JflE FIELD STUDY 

CHAPTER IV 

3 . 1 Genera l 

3.2 P r e p a r a t i o n p r i o r to t h e F i e l d su rvey 

3.3 Cho ice o f s tudy area 

3.4 Sampl ing method and sample s i z e 

3.5 Method o f data c o l l e c t i o n 

3.6 Survey Q u e s t i o n n a i r e 

3 .7 F i e l d survey 

3.8 M a j o r p rob lems 

3.9 Method o f da ta a n a l y s i s and p r e s e n t a t i o n 

FIELD OBSERVATION* DATA ANALYSIS AND 
DISCUSSIONS 

4 . 1 S e t t l e m e n t p a t t e r n s and D e n s i t y o f 
p o p u l a t i o n 

4 . 2 Average domes t i c w a t e r r e q u i r e m e n t 



PAGE 

4.3 . Patterns of Rural water supply 

4.3.1 Types of sources used 

4.3.2 Types of collection systems 

4.4 Factors Affecting Water use habits 

4.4.1 Traditional habits' and lack of 
Awareness about the causes of 
water borne diseases 

4.4.2 Time required in Fetching water 
from source. 

4.4.3 Water quality 

4.4.4 Platform dimensions 

4.4.5 Location and environment surrounding 
the source 

4.4.6 Distance tc the source 

4.4.7 Stepwise reqnession analysis of 
factors affecting per capita water 
consumption 

Discussion 

SUMMARY,CONCLUSIONS AND RECOMMENDATIONS 120 

Summary of findings 

Conclusions 

Recommendations for future studies 

126 
Survey papers 

Some features of pumps used in Bangladesh 

Number of users per hand pump tubewell 

Calculation of mean, standard deviation 
from observed data 

137 

CHAPTER V 

APPENDIX 

4.5 

5.1 

5.2 

5.3 

A 

B 

C 

D 

BIBLIOGRAPHY 



1X1 

LIST OF FIGURcS 

F i g . 3 . 1 ( e ) : 

F i g . 3 . 1 ( b ) : 

F i g . 4 . l " : 

F i g . 4 . 2 . : 

F i g . 4 . 3 : 

F i g . 4 .4 : 

F i g . 4 . 5 ( a ) : 

F i g . 4 . 5 ( b ) : 

F i g . 4J6 : 

F i g . 4 . 7 : 

F i g . 4 . 8 : 

F i g . 4 . 9 : 

F i g . 4 .10 : 

F i g . 4 . 1 1 : 

F i g . 4 . 1 2 : 

F i g . 4 .13 : 

Map o f Bang ladesh . 

Sample a reas o f J ^ s s o r e , Khulna and K u s h t i a 
d i s t r i c t s . 

T y p i c a l s e t t l e m e n t p a t t e r n o f t h r e e sample a r e a s . 

P o p u l a t i o n d i s t a n c e c u r v e f o r v a r i o u s average . 
d e n s i t y o f p o p u l a t i o n o f J e s s o r e Sadar S u b - D i v i s i o n , 

Cumu la t i ve r e l a t i v e f r equency d i s t r i b u t i o n o.f 
t r a v e l t i m e to p r e f e r r e d wa te r source o f t h e 
h o u s e h o l d s . 

Cumu la t i ve f rs quency . ,di s t r i b u t i o n o f househo ld 
day t u b e w e l l wa te r c o l l e c t i o n . 

E f f e c t o f t r a v e l t ime to source on volume o f 
w a t e r c o l l e c t e d p'sr j o u r n e y from t u b e w e l l 
w i t h , No. 6 purnp. • . . 

E f f e c t o f t r a v e l t ime t o source on volume o f 
wa te r c o l l c c t ~ d per j o u r n e y from t u b p w e l l w i t h 
No.2 pump. 

V a r i a t i o n o f ma in tenance c o s t w i t h number o f . u s e r s . 

The v a r i a t i o n o f w a t e r c o l l e c t i o n w i t h t i m e . 

Cumu la t i ve r e l a t i v e f r e q u e n c y d i s t r i b u t i o n o f . 
c o l l e c t i o n j o u r n e y s made w i t h t i m e o f t he day . 

V a r i a t i o n o f average number o f c o l l e c t i o n 
j o u r n e y s made by the househo lds w i t h round t r i p 
t r a v e l t i m e to s o u r c e . 

Water c o l l e c t i o n from t u b e w e l l by t h e househo lds 
i n s a l i n e p rob lem a r e a s . 

I r o n c o n t e n t and p j o p l e ' s g e n e r a l o p i n i o n 
about wa te r q u a l i t y . . 

C h l o r i d e c o n t e n t and p e o p l e ' s g e n e r a l o p i n i o n 
about wa ta r q u a l i t y ; 

Community package t y p e i r o n remova l p l a n t . 



iv 

LIST OF FIGURE (Contd ) 

Fig. 4.14(a): Effect of water quality on tubswell water 
collection in sample area-7. • • •• . 

Fig. 4.14(b): Effect of water quality on tubewell water 
collection in sample area-12. 

Fig. 4.15 : 5howing the detail drawing of existing and 
extended platform. 

Fig. 4.16(a): Effect of platform dimension on tubewell 
water collection in sample area-3. 

Fig. 4.16(b): Effect of platform dimension on tubewell 
water collection in sample area-4. 

Fig. 4.17(a): Effect of privacy of source site on tubewell 
water collection' in sample area-13. 

Fig, 4.17(b): Effect of privacy of- source- site on tubewell 
water collection in sample area-9. 

Fig, 4.17(c): tffect of privacy of the source on tubewell 
water collection in sample area-2. 

Fig. 4.18 : Effect of the distance of unprotected 
sources from households on water collection 

. from tubewell. 

Fig, 4.19(a): Effect of various factors on• tubew'ell: 

water collection when avg. distance of 
unprotected sources ere 300'-500' from 
households. 

Fig. 4.19(b): Effect of various factors on tubewell 
water.collection.when avg, distance of 
unprotected sources are 100'-300 from 
households. 

Fig. 4.19(c): Effect of various, factors on tubew,ell 
water collection when avg. distance of 

,, ... unprotected sources arc less than. 100' 
from households. 

r 



V 

.LLSI_fl£J-A2LE5 

Tab le 3 . 1 : Compos i t i on o f samp les . 

T a b l s 4 . 1 : D e n s i t y o f p o p u l a t i o n o f some h a b i t a b l e r u r a l a r e a s . 

Tab le 4 . 2 : D e n s i t y o f p o p u l a t i o n i n some sample a reas o f 
Jc-ssore 5adar S u b - D i v i s i o n . 

Tab le 4 . 3 : D e t e r m i n a t i o n o f t o t e l number o f t u b e w s l l s r e q u i r e d 
(1985) f o r a g i v e n max. d i s t a n c e o f 300 ' from 
t u b e w e l l to h o u s e h o l d s . 

Tab le 4 . 4 : Per c a p i t a wa te r c o l l e c t i o n by soc io -econom ic 
s t a t u s and s a n i t a r y f a c i l i t i e s . 

Tab le 4 . 5 Per c a p i t a w a t e r consumpt ion by househo ld s i z e . 

Tab le 4 , 6 Average per c a p i t a pe r day wa te r consumpt ion 
f o r ma jo r domes t i c p u r p o s e s . 

T a b l e 4 . 7 Water consumpt ion f o r some s p e c i f i c d o m e s t i c 
pu rposes . 

Tab le 4 . 8 T y p i c a l a v g . d i s t a n c e o f v a r i o u s sources f rom 
househo lds . 

Tab le 4 . 9 : Water sources used by t h e househo lds f o r v a r i o u s 
domes t i c p u r p o s e s . 

Tab le 4 . 1 U : Average per c a p i t a wa tn r c o l l e c t i o n from t u b e w e l l 
i n dry and r a i n y season . 

Tab ls 4 . 1 1 : Average c a p a c i t y o f iMo . 6 and No.2 pump. 

Tab le 4 . 1 2 : C o n t a i n e r s used f o r t h e c o l l e c t i o n o f w a t e r . 

Tab le 4 . 1 3 : E f f e c t o f t r a v e l t i m e t o source on pa r c a p i t a 
c o l l e c t i o n volume and on t o t a l t ime o f c o l l e c t i o n . 

Tab le 4 . 1 4 : E f f e c t o f number o f u s e r s on max. d e l a y a t t u b e w e l l 
s i t e a t peak demand p e r i o d f o r one t r i p . 

Tab le 4 . 1 5 : Water sources used by t h e househo lds f o r v a r i o u s 
domes t i c pu rposes i n an i r o n prob lem a r e a . 

Tab le 4 . 1 6 : Reasons f o r non-usage o f t u b e w e l l w a t e r i n i r o n 
prob lem a r e a s . 

Tab le 4 . 1 7 : WatFr sources us?d by t h e househo lds ( i n p - r c e n t ) 
f o r v a r i o u s domes t i c p u r p o s e s i n s a l i n e prob lem a reas , 

;i.,-. 

1w C o m m i t water SJOOJV 



v i 

LIST OF TABLES ( C o n t d . . . ) 

T a b l e 4 . 1 8 : F i e l d a n a l y s i s of w a t e r samples and p e r f o r m a n c e s 
o f i r o n removal p l a n t . 

T a b l e 4 . 1 9 : L a b o r a t o r y a n a l y s i s o f w a t s r samples i n 
p l a n t No'.'2'. • 

T a b l e 4 . 2 0 : V a r i a t i o n i n w a t e r c o l l e c t i o n from t u b e w e l l 
due to r e d u c t i o n of'i '-ro'n c o n c e n t r a t i o n . 

T a b l e 4 . 2 1 : V a r i a t i o n i n w a t e r c o l l e c t i o n from t u b e w e l l 
b e f o r e and a f t ^ r c o n s t r u c t i n g b i g g e r p l a t f o r m . 

T a b l e 4 . 2 2 : C l a s s i f i c a t i o n of w a t e r c o l l e c t o r s in f i v e 
sample a r e a s i n p e r c e n t of w a t t r c o l l e c t i o n 
j o u r n e y s mad e. 

T a b l e 4 . 2 3 : V a r i a t i o n i n w a t e r c o l l e c t i o n from t u b e w e l l 
b e f o r e and a f t ^ r c r e a t i n g p a r t i a l p r i v a c y a t 
s o u r c e s i ' t e . 

T a b l e 4 . 2 4 : Water c o l l e c t i o n from b o t h t y p e s o f s o u r c e s 
by t h e h o u s e h o l d s of K a s d i a , Khulna . 

T a b l e 4 . 2 5 : Water consumpt ion f o r v a r i o u s p u r p o s e s and 
t h e s o u r c e and p l a c e o f u s e by t h e h o u s e h o l d s 
of K a s d i a . 

T a b l r 4 . 2 6 : D e t e r m i n a t i o n of -max. d i s t a n c e of t u b ^ w e l l s 
from h o u s e h o l d s u n d e r v a r i o u s f i e l d c o n d i t i o n s . 

T a b l e 4 . 2 7 : I n p u t d a t a f o r t h e model f o r s t e p w i s e 
r e g r e s s i o n a n a l y s i s . 

Tab le 4 . 2 8 : C o r r e l a t i o n m a t r i x . 

T a b l e 4 , 2 9 : R e g r e s s i o n c o e f f i c i e n t and computed :: 

T - v a l u e . 

T a b l e 4 . 3 0 : S t e p w i s e r e g r e s s i o n a n a l y s i s of f a c t o r s 
a f f e c t i n g p e r c a p i t a w a t e r c o n s u m p t i o n . 

Tab le 4 . 3 1 : T a b l e o f r e s i d u a l s . 



v i i 

LI5T QF PLAT£S_ 

P l a t e 1 : Water consumpt ion from u n p r o t e c t e d s o u r c e . 

P l a t e 2 : V a r i o u s t y p e s o f pumps. 

P l a t e 3 : Ma jo r c o n t a i n e r s used f o r wa te r c o l l e c t i o n from 
t u b e w e l l . 

P l a t e 4 : Heavy rush a t t u b e w e l l s i t e a t peak demand h o u r . 

P l a t e 5 : Water c o l l e c t o r s from l o n g and s h o r t d i s t a n c e s 
to a t u b e w e l l . 

P l a t e 6 : I r o n removal p l a n t No. 1 . 

P l a t e 7 : I r o n removal p l a n t Mo. 2 . 

P l a t e 8 : Washing and b a t h i n g i s d i f f i c u l t on p r e s e n t 
s m a l l p l a t f o r m . 

P l a t e 9 : Washing and b a t h i n g i s v . r y d i f f i c u l t a t t u b e w e l l 
s i t e where t he r t - i s no p l a t f o r m . 

P l a t e 1G: An e x t e n s i o n o f t h e p r e s e n t t u b e w e l l p l a t f o r m . 

P l a t e 1 1 : Two pe rsons u t i l i z i n g th?- t u b t w e l l s i t e a t a t i m e , 

P l a t e 12 : B a t h i n g on t h e extended t u b e w e l l p l a t f o r m . 

P l a t e 13 : Very exposed t u b e w e l l s i t e . 

P l a t e 14 : Tubewe l l s i t e by t h e s i d e o f a main r o a d . 

P l a t e 15 : R u r a l women h e s i t a t e t o go t o exposed t u b e w e l l 
s i t e when many peop le move a long t h p r o a d . 

P l a t e 16 : Arrangement f o r p a r t i a l p r i v a c y a t t u b e w e l l s i t e 
by c o n s t r u c t i n g t a r z a f e n c i n g . 

P l a t e 17 : Wo am an washing u t = n s i l s a t f enced t u b e w e l l s i t 1 ? . 

P l a t e 18 : Woman b a t h i n g a t p r o t ^ c t c ; d t u b e w e l l s i t s . 



V X 1 1 

ACKNOWLEDGEMENT 

The a u t h o r w i s h e s t o e x p r e s s h i s h e a r t f e l t g r a t i t u d e and 

s i n c e r e s t i n d e b t e d n e s s t o M r . f-i. F e r o z e Ahmed, A s s o c i a t e 

P r o f e s s o r , D e p a r t m e n t Q? C i v i l e n g i n e e r i n g f o r h i s c o n s t a n t , 

g u i d a n c e and i n v a l u a b l e ; s u g g e s t i o n s t o make t h i s s t u d y p o s s i b l e . 

The g e n e r o u s h e l p and a f f e c t i o n a t e g u i d a n c e o f P r o f e s s o r 

D r . J . R . C h o u d h u r y , who s u p e r v i s e d t h e f i n a l p h a s e o f t h e wo rk 

a r e g r a t e f u l l y a c k n o w l e d g e d . 

S i n c e r e g r a t i t u d e i s d u t t o P r o f e s s o r D r . S o h r a b u d d i n Ahmed, 

Head o f t h e D e p a r t m e n t c f C i v i l E n g i n e e r i n g and t o M r . M . H . K h a n , 

S u p e r i n t e n d i n g E n g i n e e r , DPHE f o r t h e v a l u a b l e s u g g e s t i o n s and 

e s t e e m e d c o o p e r a t i o n r e n d e r e d by t h e m . 

The a u t h o r e x t e n d s h i s b e s t r e g a r d s and p r o f o u n d g r a t i t u d e 

t o M r . J . B . M e n d i s o f UNICEF, Rangoon f o r h i s k e e n i n t e r e s t , 

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

B a n g l a d e s h w h i c h was a g r e a t s o u r c e o f i n s p i r a t i o n . 

S i n c e r e a p p r e c i a t i o n a r e e x p r e s s e d t o M r . Ken G i b b s , 

C h i e f , WES s e c t i o n , U N I C E F , D a c c a , f o r h i s v a l u a b l e s u g g e s t i o n s 

and k i n d a s s i s t a n c e i n t h e f i n a l p r e p e r a t i o n o f t h e w h o l e w o r k . 

H e a r t y t h a n k s a r e . e x p r e s s e d t o M r . V . P . N . N a y e r and 

D r . H o a d l e y , S a n i t a r y • E n g i n e e r s , WHO, f o r t h e i r h e l p a n d 

c o o p e r a t i o n . 

T h a n k s a r e a l s o due t o M r . S h a f i u r Rahman, M r . A l i A k t a r , 

M r . K h a l e q u e , M r . Omar A l i , M r . J o y n a l A b e d i n , SAEs and o t h e r 

s t a f f o f t h e D e p a r t m e n t o f P u b l i c H e a l t h E n g i n e e r i n g f o r t h e i r ' 

c o n s t a n t c o - o p e r a t i o n i n f i e l d s t u d i e s . 



i x 

The a u t h o r i s v e r y t h a n k f u l t o U n i t e d N a t i o n s C h i l d r e n 

Fund, Dacca f o r p r o v i d i n g a s t i p e n d d u r i n g t h e p e r i o d o f 

r e s e a r c h . 

The a u t h o r i s a l so t h a n k f u l to t he Wor ld H e a l t h O r g a n i 

z a t i o n f o r a r r a n g i n g a r e s e a r c h s tudy t o u r t o f o u r d i f f e r e n t 

I n s t i t u t i o n s i n t h e r e g i o n , -

F i n a l l y t h e a u t h o r i s i n d e b t e d to t h e depa r tmen t o f 

P u b l i c H e a l t h e n g i n e e r i n g f o r g r a n t i n g ne s tudy l e a v e . 



ABSTRACT 

x 

T h i s s t u d y i n v e s t i g a t e s t h e p a t t e r n o f r u r a l w a t e r u s e , 

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

n e e d f o r i m p r o v e m e n t : 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 design cr i te r ia 

l i ke appropriate location of tubewBll s i te, type of. pump, plat

form dimensions, allowable chemical contents in tubewell water, 

and the maximum distance of a cubewell from each household for 

the future water supply construction programme in rural 

Bangladesh. 

An attempt i s also made to determine the optimum number 

of users par handpump tubewell considering various physical, 

social and economical factors, so that the optimum number of 

tubewells for an arsa can ba estimated from the population 

figures for that area. 

Simple descriptive stat ist ics were used to 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 signif icantly associated 

with per capita rural wattr consumption from rural tubewells 

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

i t s command, average household size, location of the source, 

platform dimensions, quality of water, presence of other sources, 

and socio-economic status of the users. 
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Water c o l l e c t i o n f rom t u b e w e l l s b e f o r e and a f t e r some 

improvement t o t h e source were, compared. ,in i n c r e a s e d watt?r 

c o l l e c t i o n was observed a f t e r some improvement and m o d i f i c a t i o n 

i n p l a t f o r m d i m e n s i o n s , a r rangement o f p r i v a c y o f t h e source 

and improvement o f w a t e r q u a l i t y . I t was a l s o obse rved t h a t 

t h e volume o f wa te r c o l l e c t e d f rom t u b e w e l l s v a r i e s i n v e r s e l y 

w i t h d i s t a n c e o f t he househo ld f rom the t u b e w e l l . The p resence 

o f o t h e r c o n v e n i e n t u n p r o t e c t e d sources o f a p p a r e n t l y accep

t a b l e q u a l i t y reduce t h e use o f t u b e w e l l wa te r s i g n i f i c a n t l y 

where the t u b e w e l l w a t ^ r supp l y i s a s s o c i a t e d w i t h v a r i o u s 

p rob lems . I n t h e absence o f o t h e r nearby sources p e o p l e w i l l 

u s u a l l y c o l l e c t t u b e w e l l wa te r n o t o n l y f o r d r i n k i n g , bu t f o r 

o t h e r domes t i c purposes as w e l l . 



CHAPTER I 

INTRODUCTION 

1.1 Statement of the Problem 

Safe, adequate and accessible supplies of water together 

with sanitation are recognized as basic health needs and essen-

tital components of primary health care. Hany of the diseases 

affecting underserved population especially the rural poor,could 

be greatly reduced by meeting these basic health needs . Further

more water is an essential element for other areas 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 are essential to public health 

and well-being. Unfortunately, a grsat number"of people living 

in rural areas do not have access to a safe and convenient source 

2 
of water . In 1970 the World Hsalth Organization surveyed 91 

developing countries and found that only 14 percent of their 

3 
rural population has a reasonable access to drinking water . 

Reasonable access to water in a rural ireaj as defined by the 

World Health Organization, simply means that the housewife or 

members of a household do not have to spend a disproportionate 

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

2 
Saunders and Warford have estimated that in 19 70, only 

29 percent of the population of 91 countries surveyed, were with 

safe.and accessible water 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. 11 is estimated that "even if the United Nations 
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deve lopment g o a l s were a c h i e v e d , t h s r e s t i l l would be mora r u r a l 

i n h a b i t a n t s w i t h o u t p r o p e r wa te r supp l y , i n 1980" . A c c o r d i n g to 

t h e Wor ld H e a l t h O r g a n i z a t i o n i t was e s t i m a t e d t h ? t 13y000 b a b i e s 

4 
d i e each day as a r e s u l t o f t he use o f p o l l u t e d wa te r . T h i s 

r e f l e c t s the magn i tude o f t h e p rob lem on a g l o b a l s c a l e and 

c o n n o t s s the need f o r mass ive r e s o u r c e a l l o c a t i o n s r e q u i r e d to 

a m e l i o r a t e i t . 

As ia has the l a r g e s t r u r a l p o p u l a t i o n i n t he w o r l d and 

t h e m a j o r i t y o f p e o p l e w i t h o u t s a f e wa te r s u p p l y . a l s o l i v e i n 

t h e d e v e l o p i n g c o u n t r i e s o f A s i a . The Wor ld H e a l t h O r g a n i z a t i o n ' s 

e s t i m a t e o f ru r .a i p o p u l a t i o n o f d e v e l o p i n g c o u n t r i e s i n South 
5 

East ^ s i a w i t h adequate water i n 1970 was o n l y 5 p e r c e n t ; . 

The rhy thm o f w a t e r supp ly i n r u r a l Bang ladesh o s c i l l a t e s 

between t h e two ex t remes o f abundance i n t h e r a i n y season and 

s c a r c i t y i n the d r y season. W i th t h e h i g h e s t d e n s i t y o f r u r a l -

p o p u l a t i o n i n t he w o r l d , the c o u n t r y t h u s f aces an a c u t a p rob lem 

not o n l y i n te rms o f • s u f f i c i e n t wa te r s u p p l i e s , b u t a l so : i n 

tarms o f wa te r q u a l i t y and d i s e a s e s r s l a - t s d t o s a n i t a t i o n . 

S ince 1972 , w i t h Ufr lCEF's a s s i s t a n c e , Bangladesh has been 

engaged i n ' a mass ive a c t i o n program to p r o v i d e p o t a b l e wa te r t o 

t h e i 9 3 p e r c e n t o f i t s p o p u l a t i o n r e s i d i n g i n t h e r u r a l a reas , 

bu t she i s s t i l l f a r b e h i n d th-5 o b j e c t i v e o f p r o v i d i n g p o t a b l e 

w a t e r to t h e who le r u r a l p o p u l a t i o n . The s i t u a t i o n i n Bangladesh 

i s no t as a c u t e as i n o t h e r d e v e l o p i n g c o u n t r i e s o f A s i a , bu t 

f rom the s t a t i s t i c a l r e c o r d s o f Bangladesh^ i t i s found t h a t 

40 p e r c e n t o f c h i l d r e n , b e f o r e r e a c h i n g t h e a g e . o f t e n a re 
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partially disabl&d either mentally or physically due to attacks 

of various water borne diseases and consequent malnutrition. It 

is also estimated that nor-.: then 50 percent of cases of morta

lity amonq infants in Bangladesh ar,- due to diarrhoeal diseases . 
q 

A r e c e n t su rvey i n d i c a t e s t h a t 21 p e r c e n t o f r u r a l - p e o p l e use 

u n s a f e s u r f a c e w a t e r sources f o r a l l domes t i c p u r p o s e s , even 

when t h e r e a r e appro-xim a t e l y 0.44 r n i l l i o - n p u b l i c hand pump t u b e -
9 

w e l l s e x i s t i n g t he c o u n t r y now' . 

1.2 Rationale of the Study 

D u r i n g t h e f o u r months of t he r a i n y season, wa te r i s i n 

abundance; bu t f o r t h r e e months o f t he yea r , t h e r e i s a s c a r c i t y . 

S e t t l e m e n t p a t t e r n s have d i c t a t e d t h r o u g h the c e n t u r i e s ^ t r a d i 

t i o n a l w a t & r . u s e h a b i t s . Ponds, r i v e r s , d i t c h e s , c a n a l s and 

dug w e l l s a re a l l sou rces o f wa te r f o r domes t i c u s e . Ths 

absence o f s a n i t a r y e x c r e t a - d i s p o s a l and u n h y g i e n i c p r a c t i c e s 

rende rs many o f these sources d a n g e r o u s l y c o n t a m i n a t e d . I n t h e 

p a s t , 93 p e r c e n t o f the p o p u l a t i o n wh i ch l i v e s i n r u r a l a r s a s 

depends p r i m a r i l y on n a t u r a l sources o f w a t t r , To s top C h o l e r a 

ep idemics i n r u r a l Benga l , t o g e t h e r w i t h o t h e r e n t i e p i d e m i c 

measures , t he p o s s i b i l i t y o f s u p p l y i n g pure d r i n k i n g w a t e r by 

means o f some r i n g w e l l s and hand pump t u b e w e l l s was f i r s t 

c o n s i d e r e d i n t h e m i d - t w e n t i e s and some t u b e w e l l s were sunk 

i n 1928. I n 1935 t h e D i s t r i c t Board took t h e r e s p o n s i b i l i t y o f 

s i n k i n g t u b e w e l l s . The f i r s t r e a l t a r g e t was se t a t 1 t u b e w e l l 

f o r 400 peop le i n 1948 . The s t a n d a r d o f one t u b e w e l l f o r 
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every 400 p e o p l e had been r a i s e d t o one t u b e w e l l for every 200 

p e o p l e i n t h e y e a r 1963 for t h e e x p e c t e d d e s i g n p o p u l a t i o n of 

.1970. Today a f t s r s e v e r a l y e a r s of s i n k i n g and r e s i n k i n g of 

t u b e w e l l s , t h e r e , i s one working t u b e w e l l f o r a p p r o x i m a t e l y 

260 p e o p l e . But s t i l l t h e r e a r e many l o c a l i t i e s w i t h no t u b e -

w e l l s . Three i n d e p e n d e n t s u r v e y s c a r r i e d o u t between September 

1975 and December. 1976 , i n d i c a t e d t h a t on ly : 52 p e r c e n t of t h e 

r u r a l p e o p l e use t u b e w e l l w a t e r a t l e a s t f o r d r i n k i n g and 21 

p e r c e n t of t h e p e o p l e u s e s u r f a c e wat.sr s o u r c e s f o r a l l d o m e s t i c 

p u r p o s e s i n c l u d i n g d r i n k i n g , a l t h o u g h 70-80 p e r c e n t of t h s r u r a l 

h o u s e h o l d s were w i t h i n 700 f e e t of a hand pump t u b e w e l l . BIDS 

conduc t ed a s e p a r a t e survey on d o m e s t i c w a t e r u s e i n fou r 

d i f f e r e n t a r e a s of t h e c o u n t r y and o b s e r v e d t h a t a s u b t a n t i a l 

q u a n t i t y of wa te r i s used from s u r f a c e s o u r c e s f o r d o m e s t i c 

p u r p o s e s , which i s no t d e s i r a b l e . The r e a s o n s fo r t h i s u n d e r 

u t i l i z a t i o n of t h e p r e s e n t c a p a c i t y a r e not c l e a r l y known. 

I t has been obse rved t h a t t h e g r e a t e r t h e u s e of t u b e w e l l 

w a t e r fo r a l l d o m e s t i c p u r p o s e s t h e l e s s i s t h e i n c i d e n c e of 
3:6 

d i a r r h o s a l a t t a c k . l o encourage p e o p l e to u s e more t u b e w e l l 

w a t e r , ons needs to d e t e r m i n e t h e e f f e c t and m a g n i t u d e of 

v a r i o u s economic , s o c i a l and c u l t u r a l f a c t o r s on t u b e w e l l w a t e r 

u s e q u a n t i t a t i v e l y in o r d e r to p l a n and d e s i g n an e f f e c t i v e 

r u r a l w a t e r s u p p l y system for t h e f u t u r e . 

P r e s e n t l y two main d i s t r i b u t i o n c r i t e r i a a r e fo l lowed, 

namely ( i ) t o p r o v i d e one t u b e w e l l f o r 150 p e o p l e ; and ( i i ) 

t o i n s t a l l one t u b e w e l l w i t h i n 250 y a r d s of evtiry househo ld 
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in a r e a s where t h e r e i s s u f f i c i e n t p o p u l a t i o n to j u s t i f y a 

p u b l i c Y^ell . R e c e n t l y i t has been sugges t ed to p r o v i d e one 

t u b e w e l l fo r overy 75 p e o p l e by 1985 . These t a r g e t s a r e based 

on l i t t l e s c i e n t i f i c s t u d y . There a r ? abou t 68 ,000 s m a l l and 

b ig v i l l a g e s t h r o u g h o u t t h e c o u n t r y ; s e t t l e m e n t p a t t e r n s a r e 

no t t h e saxe i n e l l t h e s e p l a c e s , and c o n d i t i o n s va ry from 

p l a c e t o p l a c e . Ms such, p o p u l a t i o n may not be t h e o n l y b a s i s 

of d i s t r i b u t i o n of t u b e w e l L s . 

I n f o r m a t i o n i s r e q u i r e d on whe the r smal l and l e s s c o s t l y 

tub-dwel ls w i l l be s u f f i c i e n t when few p e o p l e u s e one t u b e w e l l . 

Dur ing t h e Uni ted Wations Water Confe rence in 1977 in 

A r g e n t i n a , i t h a s been d e c i d e d t o p r o v i d e eve ry one w i t h s a f e 

13 

d r i n k i n g w a t e r and s a n i t a t i o n by t h e y e a r 1990 . In o r d e r to 

reach t h i s g o a l , i t i s e s s e n t i a l t o make e c r i t i c a l a n a l y s i s 

of t h e c o n d i t i o n and prob lems of p r e s e n t w a t e r supp ly s y s t e m s . 

I t i s n e c e s s a r y t o d e t e r m i n e t h e r e a s o n s for n o n - u s a g e of 

t u b e w e l l w a t e r f o r d o m e s t i c p u r p o s e s and what improvements 

a r e needed ; and f u r t h e r , how f e a s i b l e t hey a r e f o r t h e d e v e l o p 

ment of some a p p l i c a o l e g e n e r a l b a s i c d e s i g n c r i t e r i a f o r t h e 

f u t u r e r u r a l w a t e r supply prog ramtr.r; i n B a n g l a d e s h . 

1.3 O b j e c t i v e s o f t h e Study 

The o b j e c t i v e s of t h e s t udy a r e : ( i ) t c e s t i m a t e t h e 

w a t e r r e q u i r e m e n t s of r u r a l p e o p l e i n Bang ladesh f o r d o m e s t i c 

u s e s ( i i ) to d e t e r m i n e t h e consumpt ion from t u b e w e l l s a g a i n s t 
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t o t a l r e q u i r e m e n t s ( i i i . ) t o a s s e s s t h e d i m e n s i o n s of t h e 

r u r a l w a t e r s u p p l y problem i n Bang ladesh and to f i nd o u t 

e f f e c t i v e m e a s u r e s t o improve t h s w a t e r supply s i t u a t i o n . 

( i v ) t o e s t a b l i s h some b a s i c d e s i g n c r i t e r i a l i k b a p p r o p r i a t e 

t u b e w e l l s i t e , p l a t f o r m d i m e n s i o n , w a t e r q u a l i t y s t a n d a r d ; 

I v) to d e s i g n a s u i t a b l e t r e a t m e n t u n i t to improve t h e w a t e r 

q u a l i t y to an a c c e p t a b l e l i m i t f o r r u r a l p e o p l e ; ( v i ) to 

d e t e r m i n e t h e optimum number of u s e r s pe r w e l l c o n s i d e r i n g 

v a r i o u s f a c t o r s ; and ( v i i ) to d e t e r m i n e t h e s u i t a b i l i t y o f 

i\lo. 2 pump f o r t h e f u t u r e w a t e r s u p p l y programme. 
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CHAPTER II 

LITERATURE REVIEW 

2.1 Previous Studies 

2,1.1 Fundamental Approach 

Research on domestic watpr supply in developing countries 

14 
has been limited. In 1973, Richard J, frankel undertook an 

evaluation study of community water supplies in northeast 

Thailand. The study probed into tht effectiveness of the water 

supply systems and found many reasons accounting for the in

efficiency of these systems. Sophisticated systems were built 

neglecting local materials and villagers found them hard to 

understand and operate. Actual water uss was found to be less 

than r>fjlf the design quantity, ^cciptancs of an elaborate 

system requires a considerable change on the part of the indi

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

he is getting for the change. This study provides a sound 

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

minimum external aid could plan and design an improved water 

supply system, Carruthers and Brown nave stated that in 

developing countries it is desirable to use simple technology 

and the scheme must not be complicated. Thanh suggested that 

since the level of technical expertise in rural areas is very 

low, all parts of 3 water supply system must be simple to 

operate and maintain. 

Stainiskawpk i in his study to determine rural wetr-:r 

supply dasign parameters for conditions in Tanzania, proposed 
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to d i v i d e t h e whole c o u n t r y i n t o un i form wa te r need z o n e s , 

where t h e p a t t e r n of p o t a b l e w a t e r demand i s the same, f o r 

g r e a t e r v a r i a b i l i t y of n a t u r a l and c l i m a t i c c o n d i t i o n s of 

T a n z a n i a . In each zone he c a r r i e d o u t s e p a r a t e i n v e s t i g a t i o n s 

on a t l e a s t two of t h e e x i s t i n g r u r a l wa te r s u p p l i e s to e s t a b 

l i s h t h e main t e c h n i c a l p a r a m e t e r s . By t e c h n i c a l p a r a m e t e r s o f 

p o t a b l e w a t e r demand, the f o l l o w i n g f i n d i n g s a r e u n d e r s t o o d 

from h i s work, 1) Mean day w a t e r demand p e r c a p i t a o r p e r c a t t l e 

u n i t . 2) C o - e f f i c i e n t o f d a i l y w a t e r consumpt ion f l u c t u a t i o n . 

t h e UNICEF/WHO S e c r e t a r i a t h a s o b s 3 r v e d t h a t i n p l a n n i n g 

f o r w a t e r development schemes, s o c i o - c u l t u r a l i n f o r m a t i o n i s 

l a c k i n g and i n v e s t i g a t i o n s a r e r a r e l y u n d e r t a k e n t o e n s u r e 

t h a t p l a n s a r e bo th t e c h n i c a l l y sound and s o c i a l l y j u s t i f i a b l e . 

Thanh h a s p o i n t e d o u t t h a t i n p l a n n i n g and d e s i g n i n g f o r 

r u r a l w a t e r supply programmes, p h y s i c a l f a c t o r s a r e o f t e n o v e r 

emphasized a s in u rban w a t e r supply programmes, where most 

s o c i o - e c o n o m i c f a c t o r s a r t n e g l e c t e d . In a d d i t i o n to p h y s i c a l 

f a c t o r s , an u n d e r s t a n d i n g of t h e a s s o c i a t i o n between s o c i o 

economic f a c t o r s and wa te r u s e i s very i m p o r t a n t t o d e t e r m i n e 

t h e d i m e n s i o n s of t h e r u r a l w a t e r supp ly p rob l em. Accord ing to 

Paramasivam and 5undprsan " R u r a l w a t e r s u p p l i e s i n d e v e l o p i n g 

c o u n t r i e s have to be t e c h n o l o g i c a l l y sound, e c o n o m i c a l l y v i a b l e , 

1 

e n v i r o n m e n t a l l y c o m p a t i b l e and s o c i a l l y a c c e p t a b l e " . Cha ins rong 

has s t a t e d t h a t t h e s u c c e s s or f a i l u r e of community wa te r supp ly 

p r o j e c t s depends l a r g e l y upon t h e s o c i o - e c o n o m i c f a c t o r s p r e 

v a i l i n g i n r u r a l c o m m u n i t i e s . 
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20 
.••lagner and L a n o i x have men t i oned t h a t one o f t h e most 

d i f f i c u l t and b a f f l i n g p rob lems i n che p l a n n i n g o f a s m a l l w a t e r 

supp ly system f o r a r u r a l community i s t he l a c k o f c r i t e r i a 

upon- which an e n g i n e e r i n g des i gn can be based . For most r u r a l 

unde rdeve loped a reas o f th-.e w o r l d , r e l i a b l e : d e s i g n gu ides have 

no t y s t been e s t a b l i s h e d . They ha-ja s u g q i ^ t e d . t h a t a c r i t i c a l 

a n a l y s i s o f t h e c o n d i t i o n ? *nd p rob lems o f t h e area under s tudy 

shou ld be u n d e r t a k e n t o deve lop a p p l i c a b l e c r i t e r i a , s i n c e 

c e r t a i n e lements o f r u r a l wa te r s u p p l y system d e s i g n a r e m a t t e r s 

o f l o c a l d e c i s i o n , depend ing on geography , l o c a l economy,, custom 

and o t h e r f a c t o r s . 

2 . 1 . 2 Water Requi rement and F a c t o r * A f f e c t i n g Water Consumpt ion ; 

There i s l i t t l e knowledge a v a i l a b l e o f wa te r consumpt ion 

l e v e l s i n r u r a l T ress as compared w i t h urban a r e a s . G e n e r a l i s e d 

e s t i m a t e s o f per c a p i t a w c t t r consumpt ion f o r s e l e c t e d c o u n t r i e s 

a re summarized by W h i t e , Dav id -tnd Whi te . For r u r a l a reas o f 

West B e n g a l , I n d i a , they h^vi:' e s t i m a t e d t h e per c a p i t a w a t e r 

2 2 
consumpt ion as 30-60 l i t r e s p i r day . Adhya men t i oned t h a t 

6-10 g a l l o n per c a p i t a per day wa te r consumpt ion i s g e n e r a l l y 

c o n s i d e r e d adequate f o r the r u r a l a r a a s o f W^st B e n g a l , I n d i a . 

23 
Khu rsh id and o t h e r s have r e p o r t e d t h a t t h e ave rage w a t e r 

consumpt ion i n r u r a l a reas o f P a k i s t a n was 4 8 . 1 l i t e r s p e r 

24 
person per day . IMazir i n h i s s tudy i n F a i s a l a b a d d i s t r i c t 

o f P a k i s t a n found an average «/atr=r consumpt ion o f 9 g a l l o n 

per c a p i t a per day. Household s i z e , number o f v i l l a g e r s , l e v e l 
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of education and number of sources of water were the most 

important factors affecting water consumption in Faisalabad 

25 
districtof Pakistan. Azime in a case study in one central 

province of Thailand observed an average per capita consumption 

of 41 litres. Factors affecting per capita water consumption 

were household size, level of education and average household 
•pc 

income. The U.S. Joint Committee on Rural Sanitation quoted 

a water collection of 10 gallon per capita per day from hand 

27 
pump tubewells. Feachem, et al. in their study on rural water 

use and collection in Lesotho have suggested a design figure 

for the mean annual consumption of 30 litres per capita per day. 

During field investigation they interviewed the households and 

observed their preferred sources from morning to evening. They 

have proposed the installation of a tubewell closer to the 

household than any nearly unprotected surface source to ensure 

the use of tubewell water. 

In water demand studies and related factors, the United 

2R 
States Agency for International Development 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 

29 
Laboratory Dacca, in a study at Teknaf observed a direct 

relationship between the incidence of clinical shigellosis 

cases and per capita water collection. The incidence of attack 

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

tion increased to more than 7.9 gallons from less than 4,5 gallons. 
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30 
WhxtB has s t a t e d t h a t t h e volume o f w a t e r used i n t h e 

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

and m a t ' e r i a l w e a l t h . The h i g h e s t income group have access t o a 

l a r g e r amount o f s a f e w a t e r . H :s found t h a t wa te r consumpt ion 

i s h i g h e r i n t h e cast-: o f a sourc-:; s i t u a t e d c l o s e t c t h e house. 

31 32 

T e l l e r and Lee found t n a t t h e volume o f w a t e r used by 

peop le who c a r r y i t home, seems to b^ a s s o c i a t e d w i t h t h e number 

o f peop le i n the househo lds i n a v a r i e t y o f c u l t u r e s . The l a r g e r 
the househo ld s i z e , the s m a l l e r t h = p e r c a p i t a d a i l y use . One 

c f t h e me jo r f a c t o r s a f f s c t i n q t h e q u a n t i t y o f w a t e r used i n a 
3 

househo ld i s whe ther t h ~ washing i s done a t home o r n o t . Warner 

observed t h a t a ma jo r p o r t i o n n f wa te r drawn from a s tand p i p e 

i n Tanzan ian v i l l a g e was used on the s p o t . 

Wh i te and o t h e r s i n chs i r ; s t u d y i n c a s t A f r i c a n commu

n i t i e s observed t h a t s iz* ; o f tne f a m i l y , income l e v e l , l e v e l 

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

c l i m a t e and t e r r a i n , t h e s i z •= o f c a r r y i n g v e s s e l , d i s t a n c e 

c a r r i e d , age and s e x - c o m p o s i t i o n o f t he househo ld s i z e a r e 

f a c t o r s i n f l u e n c i n g wa te r j s e i n r u r a l a r e a s . C a r r u t h e r s and 

15 

Brown have sugges ted t h e i n c l u s i o n o f t h e consumpt ion o f bo th 

man and c a t t l e t o g e t h e r i n t n e d e t e r m i n a t i o n of a d e s i g n f i g u r e . 

They found t h a t i f people-. h--ave t c walk more t h a n a few hundred 

m e t r e s , t h g y . a r e u n l i k e l y to ~ 3 r r y mere t han 10-15 l i t r e s per 

day. Beyer observed t h e main c o n s t r a i n t s s t i l l hamper ing t h e 

p r o v i s i o n o f adequate w a t e r s u p p l y and s a n i t a t i o n a re t h e l a c k 

o f awareness c f b e n e f i t s and c o n s e q u e n t l y t h e l a c k c f s o c i a l 

accep tance of t h e p resen t sys tems . 
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I s l a m , Hjq and o t h e r s , i n a n a l y s i n g t h e r e a s o n s f o r 

n o n - u s a g e of t u b e w e l l w a t e r f o r b a t h i n g , o b s e r v e d t h a t w a t e r 

u s e from p r i v a t e l y owned tubawr j i l s i s g r e a t e r s i n c e t h e y a r e 

c l o s e to t h e k i t c h e n , whe reas bovt..- t u b e w e l l s a r e g e n e r a l l y 

l o c a t e d a t open p u b l i c p l a c e s and r u r a l muslim women u s e such 

t u b e w e l l s ma in ly f a r c o l l i c t i n q w a t e r f o r d r i n k i n g . For r e a s o n s 

of p r i v a c y t h e y do not use t u b e w e l l w a t s r f o r u t h e r u s = s . The 
35 

Rura l S t u d i e s P r o j e c t Group i n -th ?.ir s tudy o f w a t e r u s e 

p a t t e r n s have men t ioned t h a t the e x i s t i n g s p a t i a l d i s t r i b u t i o n 

of t u b e w e l l s i s g e n e r a l l y p o o r and i n favour of t h e r i c h e r 

h o u s e h o l d s . Improved a c c e s s i b i l i t y i s l i k e l y to l e a d t o v a r i o u s 

o t h e r u s e s . 

5koda, Mgndis and Chia o b s e r v e d a s l i g h t i n c r e a s e i n 

t u b e w s l l wat-^r u s s w i t h an i n e r t i a s - ' i n s o c i o - e c o n o m i c s t a t u s . 

Accord ing to t h e i r c a l c u l a t i o n 7 1 . 5 p e r c e n t of t h e r u r a l 

p e o p l e of Bartg lades'"! have f l o o r a r e a l e s s t han 35D s q u a r e f e e t 

and o n l y 7-."4 p e r c e n t p e o p l e have t ' locr a r ^ a o v e r 700 s f t . Water 

consumpt ion from t u b t i w e l l s of t h e l a t t e r group of p e o p l e i s 

s l i g h t l y h i g h e r . . Ihe main r e a s o n s for n o n - u s a g e of t u b e w e l l 

w a t e r a s g iven by t h e v i l l a g e r s o u r i n g i n t e r v i e w s a r e d i s t a n c e 

of t h e t u b e w e l l , w a t e r q u a l i t y , t r a d i t i o n a l h a b i t e t c . 

2 . 1 . 3 Source S e l e c t i o n and F a c t o r s De te rmin ing t h e Choice 
of Source 

In t h e r u r a l a r e a ? of d e v e l o p i n g c o u n t r i e s , i t i s c h e a p e r 

to L.jj J d for e s h o r t p c r i n d of t i m e end p l an tn make a d d i t i o n 

a s f u t u r e need d e m a n d s , " ' b e c a u s e ' n o m a s s i v e c o n s t r u c t i o n l ike" 
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e l e v a t e d t a n k s i s g e n e r a l l y necessa ry and any a l t e r a t i o n and 

a d d i t i o n may be made w i t h o u t any damage t c t h e p r e s e n t sys tem. 

Wanger and L a n o i x found hand-dug w e l l s v e r y s u i t a b l e f o r 

r u r a l a reas , '-'here a supp l y o f 3 few hundred g a l l o n s o f wa te r 

p e r hour i s r e q u i r e d end can be drawn from u n c o n s o l i d a t e d f o r 

m a t i o n t h r o u g h hand pi-;mps o r b u c k e t s , i hey have a l s o suggested 

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

o f t he q u a l i t y o f the na tu re , ! w a t e r , s e l e c t e d - i n t h e d e s i g n o f 

a r u r a l wa te r supp ly sys tem. For thti above r e a s o n , a c c o r d i n g 

to them, g round wa te r sou rces a re b'.?tter f o r r u r a l w a t e r s u p p l i e s 

Bangladesh i s a lmos t e n t i r e l y u n d e r l a i n by w a t e r - b e a r i n g f o rma

t i o n s , n o r m a l l y a t dep ths v a r y i n y f rom zero to f o u r t y f e e t below 

t h e ground s u r f a c e . Ground w a t e r c o l l e c t i o n t h r o u g h hand pump 

37 t u b e w e l i s i s s imp le i n a l l r e s p e c t s . In b a c t e r i o l o g i c a l t e s t s 

o f a l l t y p e s o f sGurcrvs i . i t i e n y l a d ' s h , t u b e w ^ l l wa te r was found 

s a t i s f a c t o r y i n 70 p e r c e n t o f cases , whereas o t h e r sou rces l i k e 

ponds , r i v e r s , r i n g - w e i l s e t c . a l l were found to be u n s a t i s -
fl 

f a c t o r y . Mend is , Skoda and Chia p o i n t e d o u t t h a t chances o f 

c o n t a m i n a t i o n o f t u b e w e l i s can oe e l i m i n a t e d by t a k i n g a p p r o 

p r i a t e measures. 

To d e t e r m i n e t h e f a c t o r s a f f e c t i n g th<L c h o i c e o f sou rce , 
T O T O 

Feachem"1 , i n h i s s tudy i n New Guinea i n 1973, Lee i n C a l c u t t a 

i n 1969, F r a n k e l " and S h o u v a n a v i r a k u l i n 1973 i n T h a i l a n d 

observed cha t women, who c o l l e c t most o f domes t i c w a t e r , i n 

s e l e c t i n g t h e i r source p i c k what t hey c o n s i d e r t h e b e s t q u a l i t y 

f o r t h ' i r f a m i l i e s . A u s e r ' s c r i t e r i a may be mor t l i k e l y t o 
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include teste, temperature, odour and appearance than consi

derations °f bacteriological quality. iv'atEr quality standards 

differ from community to community, Apparently villagers prefer 

water which tastes good and looks cl.an, but they are usually 

30 ignorant of the possibilities of contamination , Water for 

domestic purposes should be free From organisms, from concentra

tion of chemical substances, from turbidity, colour and disa-

37 
g r e a b l ? t e s t e „ The World Hea l tn O r g a n i z a t i o n has recommended 

40 

I n t e r n a t i o n a l S t a n d a r d s of Watr-r Q u a l i t y fo r a s a f e and a c c e p 

t a b l e wa te r s u p p l y . These, t a r g e t s a r e very s o p h i s t i c a t e d . 

Because , of d i v e r s e economic and s o c i a l c o n d i t i o n s , t h e s e s t a n 

d a r d s could h a r d l y be a t t a i n e d . i n a l l c a s e s . 

Accord ing to White , d i s t a n c e walked-, and t ime s p e n t 

w a i t i n g in a queue seem to be i m p o r t a n t f a c t o r s i n t h e c h o i c e 

of s o u r c e i n an a r e a . I t was found t h a t t h e amount of w a t e r 

c a r r i e d from a s t a n d - p i p e does d e c r e a s e s l i g h t l y w i t h d i s t a n c e 

which p o s s i b l y i n d i c a t e s t h e pr-Bsencu of an a l t e r n a t i v e s o u r c e . 

O t h e r c o n s i d e r a t i o n s r e g a r d i n g c h o i c e of a s o u r c e i n c l u d e t e c h 

no logy , need f o r s b u c k e t and s t r o n g arm of pump h a n d l e e t c . 

Whi te and Feachem o b s e r v e d t h a t p e r s o n a l r e l a t i o n s h i p a l s o 

i n f l u e n c e t h e s e l e c t i o n of s o u r c e , i f on t h e walk, t o g e t w a t e r 

one might e n c o u n t e r u n d e s i r a b l e p e o p l e such a s an i r r i t a b l e 

l andowner o r r i v a l group of p e o p l e . ' 

35 The Rura l S t u d i e s Pro j s e t Group " havi3 p o i n t e d o u t t h a t 

t h e a c t u a l c h o i c e of a s o u r c e and t h e q u a n t i t y of wa te r used 

by a p a r t i c u l a r h o u s e h o l d depends o b v i o u s l y on t h e r e l a t i v e 
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a c c e s s i b i l i t y of t h e s o u r c e . They found t h a t u s e of t u b e w e l l 

w a t e r i s d i f f e r e n t in d i f f e r e n t p l a c e s depending on t h e 

p r e s e n c e of o t h e r compet ing t r a d i t i o n a l s o u r c e s nea r h o u s e h o l d s . 

2 . 1 . 4 Number of U s e r s p e r Tubewel l 

Few r e l i a b l e d a t a a r e a v a i l a b l e r e g a r d i n g w a t e r consump

t i o n when t h e sou rce of supply i s hand o r motor-pumped we l l o r 

a p u b l i c t a p . There h a s , however, been g r e a t i n t e r e s t i n t h e 

d e t e r m i n a t i o n in v a r i o u s ar-.3as o f t h e maximum number of p e r s o n s 

who should be s e rved by one w e l l - o r one t ap c e n t r a l l y l o c a t e d . 

T h i s f i g u r e may be used to c a l c u l a t e t h e number of w e l l s r e q u i r e d 

and to s e l e c t t h e most c o n v e n i e n t l o c a t i o n s fo r t h e s e p o i n t s i n 

20 

a g iven community, Wagner and Lano.ix made p e r s o n a l communica

t i o n with some i n v e s t i g a t o r s i n d i f f e r e n t c o u n t r i e s and found 

t h a t c r i t e r i a used i n d i f f e r e n t p a r t s of t h e world vary w i d e l y . 

Ruiz , from Colombia, recommended a f i g u r e between 20-50 p e r s o n s 

p e r w e l l . Wood, i n U i g e r i a recommended a f i g u r e of 500 p e r s o n s 

p e r w e l l . L i a , from Taiwan r e p o r t e d t h a t i n h i s c o u n t r y , every 

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

. 2 0 
330 f t . W-agner and Lanoix found r e a s o n a b l e to p r o v i d e a w e l l 

f o r a maximum p o p u l a t i o n of 200 p e r s o n s . DHV c o n s u l t i n g 

41 . 

E n g i n e e r s have s u g g e s t e d t h a t c o n s i d e r a t i o n shou ld be g iven 

t o t h e . d i s t a n c e between h o u s e h o l d s and w e l l in a d d i t i o n to t h e 

maximum number of p e o p l e t h a t can be s a t i s f i e d t h rough one 

w e l l to d e t e r m i n e t o t a l number of t u b e w e l l s r e q u i r e d . On 

d e t e r m i n i n g t h e l o c a t i o n s of w e l l s , e x i s t i n g w e l l s , q u a l i t y 
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of w a t e r , a b s o l u t e and r e l a t i v e l a c k of w a t e r , development 

p o t e n t i a l , p e r c a p i t a income and s e t t l e m e n t p a t t e r n should be 

c o n s i d e r e d . 

Whi te has p a i n t e d out... t h a t r u r a l c o n c e n t r a t e d s e t t l e 

ments o f t e n have, a c c e s s to c o n v e n i e n t s u p p l i e s , bu t b e c a u s e 

of t h e c l o s e n e s s of t h e i r n e i g h b o u r s and t h e l a r g e r number of 

p e o p l e u s i n g one s o u r c e , t h e i r h e a l t h r i s k may be f a i r l y h i g h . 

4 2 
("lendis i n h i s s t u d y on b a c t e r i o l o g i c a l w a t e r q u a l i t y 

of t u b e w s l l w a t e r s i n Bang ladesh o b s e r v e d t h a t t h e a v e r a g e 

number of u s e r s p e r ' t u B s w e l l p r o d u c i n g c o n t a m i n a t e d w a t e r was 

340 , On t h e o t h e r hand a v e r a g e number of u s e r s p e r t u b e w e l l 

p r o d u c i n g a c c e p t a b l e w a t ^ r was 2 3 9 . 

2 . 2 Conclu s i o n . 

The s e l e c t e d l i t e r a t u r e c i t e d h e r e g i v e s bn overv iew 

of t h e r e s e a r c h a p p r o a c h e s i n t h e a r e a of d o m e s t i c w a t e r 

s u p p l y . In most of t h e s t u d i e s on r u r a l wa te r s u p p l i e s i t 

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

of s o c i o - e c o n o m i c f a c t o r s i n r u r a l w a t e r supp ly i s r e c o g n i s e d , 

bu t l i t t l e work has been done to u n d e r s t a n d t h e i n f l u e n c e of 

t h e s e f a c t o r s q u a n t i t a t i v e l y on r u r a l wa te r consumpt ion . 

P e r c a p i t a w a t e r consumpt ion u n d e r r u r a l l i v i n g c o n d i t i o n s 

of t h e d e v e l o p i n g c o u n t r i e s h a s bt;en found to be abou t 8-10 

g a l l o n p e r day . F a c t o r s t h a t a r e known to be a s s o c i a t e d wi th 
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water use are size of the family, income level, level of educa 

tion, cultural heritage, climate and terrain, character of 

water supply, location and accessibility of the source etc. Th 

studies also revealed that quantity of water available and 

physical quality of water rather than bacteriological water 

quality determine the choice of source. Recommendations on 

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



CnMr'TcR-III 

THE FILLD OTUDY 

3.1 General 

The study includss visits to concerned organizations, 

research institutes and government departments of India, 

Thailand and Bangladesh to study the existing situation, 

selection of study areas, and extensive field survey. This 

chapter describes the preparation prior to the field work,the 

survey questionnaire, the choice of study area, the method of 

data collection, the sampling mnthod, the field survey,problems 

encountered in the field and the method of data analysis. 

3.2 Preparation Prior to the Field Survey 

discussions were held with teachers of environmental 

engineering at BUET, AIT, rtllPH and HYGIENE and experienced 

staff of UiMICEF, WHO, NEERI, DPHE, and available documents 

on the study were collected from the above sources to gain 

preliminary ideas on the fiald 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, ana to prepare a suitable set of ques

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

The proforma and questionnaire which were designed for the 

field survey were found almost useless during the trial survey 

in the field. A new proforma and questionnaire were developed 

on the basis of field conditions. 
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The proforma and questionnaire were translated from 

English to Bengali. Ten Sub-Assistant Engineers 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 consultation with concerned persons it was decided 

to conduct the final fi^ld survey in different areas of Jessore, 

Kushtia and Khulna district where the author had good facilities 

for conducting the work. All three districts are situated in 

the western and south—western part of the countxy, but most 

field conditions typical in Bangladesh exist in J'ssors,Kushtia 

and Khulna .:r:os. Thpre are lowlying areas in Khulna and 

the eastern part of Kushtia where settlements are scattered. 

Linear settlements along the levees of dead and dying rivers 

are observed in Jessore. Clustered homesteads and densely 

populated areas are observed in the elevated flat land in the 

western part of Kushtia and Jessore. The socio-economic status 

of the rural people of the areas is more or less comparable 

with other parts of the country. There are saline problem areas 

in Khulna nnd iron problem ar-j^s' in Jessore and Kushtia. Sample 

areas were selected from different Sub-Divisions. 

3.4 Sampling Method and Sample Size 

To study the effect of various factors on rural water 

use and collection, different villages were selected for 
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d i f f e r e n t t y p e s o f s t u d y , a f t e r c o n f e r r i n g w i t h S u b - A s s i s t a n t 

E n g i n e e r s o f t h e D e p a r t m e n t o f P u b l i c H e a l t h E n g i n e e r i n g o f 

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

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

and p r o b l e m s . I n each v i l l a g e a hand pump t u b e w e l l was c h o s e n 

a r b i t r a r i l y , and I O B S 1G-15 hous'ehotl.d s u s i n g i t , arid l i v i n g 

a t v a r i o u s d i s t a n c e s f r o m i t , w e r e t a k e n as t h e s a m p l e . 

The f i e l d s t u d y was c a r r i e d o u t i n 27 a r e a s o f J e s s o r e , 

K u s h t i a and K h u l n a . A t o t a l o f 409 h o u s e h o l d s w e r e i n t e r v i e w e d 

w h i c h c o v e r e d a b o u t 3G0G p e o p l e . I n o r d e r t o g e t ' g r n e r a l 

i n f o r m a t i o n on v i l l a g e s and w a t e r use c h a r a c t e r i s t i c s , one 

r e s p o n d e n t was i n t e r v i e w e d f rom each o f t h e 409 h o u s e h o l d s . 

To c o l l e c t s p e c i f i c i n f o r m a t i o n on w a t e r use and c o l l e c t i o n 

f r o m t u b e w e l l s and o t h e r s o u r c e s , 253 h o u s e h o l d s w e r e o b s e r v e d 

f o r 703 h o u s e h o l d - d a y s i n d i f f e r e n t a r e a s , c o r n p o j s i t i o n o f 

s a m p l e s has b e e n p r e s e n t e d i n T a b l g 3 . 1 . 

3 . 5 M e t h o d o f C o l l e c t i n g i Ja ta 

D a t a on w a t e r c o l l e c t i o n and u s e w e r e o b t a i n e d i n t w o 

w a y s . F i r s t , t h e p r e f e r r e d t u b e w e l l o f t h e h o u s e h o l d was 

obse_ryed_ b e t w e e n J5.JD0 A.l- ' i . and 8 . 0 0 P .M. f o r 2 - 3 djays and a 

r e c o r d was k e p t o f a l l w a t e r c o l l e c t i o n . The p r o f o r m a w h i c h 

was used f o r d a t a c o l l e c t i o n h a s been p r e s e n t e d i n A p p e n d i x A - 2 

I n some p l a c e s o t h e r s o u r c e s w e r e a l s o o b s e r v e d and u s e o f 

w a t e r by t h e h o u s e h o l d was r e c o r d e d . I n c a s e s o f w a t e r c o l l e c 

t i o n and u s e w i t h o u t any f i x e d c o n t a i n e r j t o e s t i m a t e v o l u m e , 
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losition of Samples 

Sample 

area 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

n 
15 
16 

17 
18 
19 

20 
21 
22 
23 

2* 

25 
26 
27 

Village 

Meghl a 

Beneal 1 
Noapara 
Blranpur 
Klrt lpur, £ 

. Jlkargacha 
J!kargacha 
Klrt lpur, W 
Horalpara 
Barakpur 
Avoynagar 
Narendrapur 

Sharsa 

Bagharpara 

Bagharpara 
Modhupur 

Mongol bar! 
Am j hup1 

Senbill 

Moral npur 

Jo got! 

Al arapur 

Patharghata 

(West) 

Patharghata 

(South) 

Kasdla 

Daul atpur 

Daul atpur 

LOCATION 

Thana 

Kotwall 

Jikar. 
Kotwall . 

n 

Jlkar. 
n 
it 

n 
n 
II 

Avoynagar 
Kotwall 
Sharsa 

Bagharpara 

n 

Jhenaidah 

Kotwall 
Heherpur 

n 

Chuadanga 
Kotwal 1 

it 

tt 

II 

it 

n 
n 

Distr ict 
' 

Jessore 

II 

n 
II 

n 
II 

II 

• n 

it 

n 
n 
ii 

II 

n 

II 

II 

Kushtia 
II 

II 

n 
II 

II 

Khul na 

II 

II 

n 
n 

Month 
of 

obser
vation 

In 1979 

March 

March 
Apr I Oct 
Apr 4 Nov 
May 
March 
Nov 
May 
May & Nov 
May. 

. May 

Oct Nov Dec 

Nov 

Nov 

Nov 
Nov 

May 
May & Nov 

May 
Nov 
Nov 
Nov 
May 

Nov 

Nov 
Nov 
Nov 

I No. o f 

Special charac te r i s t i c 

of the area/type of 

tubewell observed 

Few surface sources 

present 

Exposed tuMwel l s i t e 

Beside r i ve r 

Beside r i ve r 

Unexposed tubewell s i t e 

Observed pr iva te tubewell 

Iron probl em area 

Observed p r i va te tubewell 

Very exposed tubewell . 

Exposed tubewell s i t e 

Iron problem area 

Iron probl em area 

Many surface sources 

present 

High dry land, densely 

popul ated 

High dry land 

Area with extremely poor 

majority 
8eside r iver 
Family pump tubewell 
Family pump tubewell 
High dry land 
Iron problem area 
Iron problem area 
Low marshy land 

Low marshy land 

Very scattered settlement 
Sal ine problem area 
Saline problem area 

TOTAL: 

house
holds 
inter
viewed 

25 

; 15 

10 
10 
10 
1 

10 
• 1 

10 
10 

100 
• 10 

10 

10 

10 

12 
10 
15 
10 
30 
6 
9 

10 

10 

10 
15 
30 

409 

Number o f 

househol d-

days water 

consumption 

recorded 

31 

15 
50 
50 
30 
1 

40 
, 1 

30 
• 30 

15 
40 
20 

20 

20 

30 
- 20 

90 
30 
20 
-
-
30 

30 

30 
30 
• -

703 
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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 recorded. The capacity of the containers 

was measured from time to time. 

Secondly, the household was interviewed in the evening 

(and sometimes at noon) and information was'obtained about 

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

were collected not only on the total volume used but on the 

type of use, both within and outside the home, and on the 

use of sources other than the preferred source which had 

been observed. 

Data on general information with respect to the household 

and on present rural water supply facilities were obtained 

through interviews with one respondent from each household. 

Information on water collection and use from private 

tubewells was obtained with this 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 th-i household and the second 

part dealt with water use characteristics of the household. 

A sample of the questionnaire, is presented in Appendix-A-1. 
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3. 7 Field Survey 

The field survey was conducted with one guide from each 

village. He was responsible for introducting each interviewer 

to the respondent of the household. In most cases the housewife 

was the respondent. The guide also helped in identifying thr> 

water collsctors during source" observation, 

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 check 

the work of the field assistants everyday. 

3.8 Major Problems 

The problems encountered in the field study are summarized 

as follows: 

Women were reluctant to present themselves before an 

interviewer. 

Villagers did not allow observation of sources from a 

very close distance, to maintain privacy. 

Normal operation of tubewells and water collection were 

slightly stilted becous^ 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 was not easy. 
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- Recording of ell particulars on water use and collection 

at the peak demand period was sxtremely difficult. 

•Jater collectors sometimes changed sources and it was 

difficult to trace them. 

3.9 Method of Data Analysis and Presentation 

Simple descriptive statistics were used to analyse the 

data to present the pattern of rural water consumption. Total 

water consumption of a household from a source was divided by 

the household size to obtain the p;r capita consumption. It 

was observed that about one minute is required to complete 

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

is located 100 feet distant. It was found more appropriate to 

represent travel in terms of travel time for the round trip, 

rather than distance covered . Fig. 4,19 represents the 

variation on water collection of households from tubewells 

with distance to respective sample areas. 
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CHAPTER-IV 

FIELD OBSERVATIONS, LUFA 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 field: 

(A) Scattered in the swampy depression areas where the houses 

are built on artificially raised lands, dispersed and 

isolated in thick bush areas. 

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

the main thoroughfares. 

(C) Nucleated 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:v settlement types in 

habitable areas. Density of population of some habitable rural 

areas has been presented in Table 4.1, which indicates that 

density of population varies widely. Maximum densities are 

observed in the sample areas of Meherpur, Kushtia, where 

people are mostly poor labourers. Each family has only one or 

two rooms made of clay and straw. Houses are built on high 

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

household is very close to the adjacent household. 

Field observation shows that expansion of the present 

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

present population densities are likely to increase. 
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TA8LE-4.1 

Density of Population of some habitable rural areas 

Sampi 3 
area 

25 

23 

13 

7 

5 

11 

26 

2 

12 

20 

9 

10 

3 

1 

4 

16 

14 

15 

19 

18 

D i s t r i c t 

Khu lna 

Khu lna 

Jesso re 

Jesso re 

J essore 

J e s s o r e 

Khu lna 

J esso re 

J e s s o r e 

Ku s h t i a 

J e s s o r e 

J esso re 

Jesso re 

J e s s o r e 

J e s s o r e 

Jesso re 

Jesso re 

J esso re 

Ku s h t i a 

K u s h t i a 

Type o f 
s e t t l e m e n t 

A<^13.068 p e r s o n s / 
a c r a 

2 8 . 3 1 4 ^ B̂ > 13 .06 8 
p e r s o n s / a c r e 

6 ^ 2 8 . 3 1 4 p e r s o n s / 
ac r e 

D e n s i t y o f p o p u l a t i o n 
i n h a b i t a b l e r u r a l 
area ( p e r s o n s / a c r e ) 

6 .0548 

6 .5340 

8.2328 

8 .7991 

10 .2801 

8 .7120 

13.0680 

14.0263 

14 .0263 

16.2478 

16.2478 

17.0755 

17 .4240 

17.8596 

- 18.8179 

27.4428 

31.5374 

33.9768 

4 2.16 60 

47.9160 

Ref: Different values, of density of population have been 
classified into three groups approximately on the 
basis of scattered linear and clustered settlement. 
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Tab le 4 ,2 r e p r e s e n t s t h e d e n s i t y o f p o p u l a t i o n o f t h e 

sample a reas o f J e s s o r e - S a d a r b u b - D i v i s i o n o n l y , w h e r e l i n e a r 

s e t t l e m e n t was obse rved i n most o f t h e a r e a . 

Assuming a d e s i g n p e r i o d o f 6 y e a r s and an average 2 .5 

p e r c e n t r a t e o f p o p u l a t i o n i n c r e a s e p e r yea r i n t he r u r a l 

a reas and. c o n s i d e r i n g t h e source as a c e n t r e , e s t i m a t e d 

d i s t a n c e - p o p u l a t i o n cu rves f o r t h e year 1985 have been drawn 

i n F i g . 4 . 2 on t h e b a s i s o f ave rage d e n s i t y o f p o p u l a t i o n of 

t h e sample a reas o f Jesso re Sadar S u b - d i v i s i o n . 

The c u r v e s i n t h e F i g . 4 . 2 g i v e an app rox ima te i dea o f 

t h e t o t a l number o f peop le l i v i n g a t v a r i o u s d i s t a n c e s from 

a source f o r v a r i o u s average d e n s i t i e s o f p o p u l a t i o n . T h e r e 

f o r e the c u r v e s can be used i n d e t e r m i n i n g t h e t o t a l number o f 

peop le t h a t can be served by one w e l l , f o r a g i v e n maximum 

d i s t a n c e o f t u b e w e l l f rom househo lds i n d i f f e r e n t t y p e s o f 

s e t t l e m e n t a r e a s . For example, i f we assume t h a t peop le shou ld 

not have t o t r a v e l more than 3DQ' f rom t h e i r house t o a t u b e -

w e l l , t hen i t i s - p o s s i b l e t o . c a l c u l a t e t h e t h e o r e t i c a l minimum 

number o f t u b e w e l l s t o e f f e c t t h i s i n t he Jesso re Sadar Sub

d i v i s i o n . Each t u b e w e l l w i l l , t h e o r e t i c a l l y , se rve an area 

300 ' i n r a d i u s s u r r o u n d i n g t h e t u b e w e l l . Tab le 4 . 3 i n d i c a t e s 

t h a t t h e Jesso re Sadar S u b - D i v i s i o n would t h u s r e q u i r e , to 

se rve a 1985 p o p u l a t i o n o f 1 , 6 4 0 , 0 0 0 , some 10,838 t ube -we l l s . 

T h i s r e p r e s e n t s 1 t u b e w e l l f o r each 126 p e r s o n s . 
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TABL.E-4.2 

D e n s i t y o f P o p u l a t i o n i n t h e Sample a r e a s - o f 
Jesso re Sadar S i t e - d i v i s i o n 

Sample 
a r e a 
no . 

13 

7 

5 

11 

2 

12 

9 

16 

3 

1 

4 

14 

15 

D e n s i t y of 
p o p u l a t i o n 
p e r s o n s / a c r e 

. . 8 . 2 3 2 

8.799 

10 .280 

8.712 

1 4 . 0 26 

14 .0 26' 

16 .24 7 

17 .075 

17 .424 

17 .859 

1 8 . 8 1 7 

31 .537 

33.9 76 8 

Type o f 
s e t t l e 
ment 

A 

B 

C 

Average 
d e n s i t y 
of popu
l a t i o n i n 
19 79=P 

1. p e r s o n s / 
a c r e ) 

9 .005 

1 6 . 4 9 6 

32 .7569 

Average 
d e n s i t y of 
p o p u l a t i o n 
i n 1985=P f 

( p e r s o n s / 
a c r e ) l j 

1 0 . 4 4 3 

19 .130 

37 .986 

Observed 
a r e a 

No. 

4 

• . ( ; 

. 7 

2 

l i P = P^ x ( l+"025) , assuming a 2.5% annua l incr-ease.. 
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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 

Type 
of 

settl eroent 

. 

A 

B . 

C 

•I 

Average density 
of population 

in 1985 
(persons/acre) 

1/ 
a 

i 

10.443 

19.130 

37.986 

Number of 
area observed 

b 

4 

7 

2 

Percent 
observation 
covered by 
the type of 

settlement 

c 

- ^ « T x 100 

30.77 

53.95 

15.38 

Percent 
population 
covered by 
the type of 
settleraent 

• d 

" j r — ' x 100 
ZZ a*c 

16.583 

53.264 

30.151 

Haxtaum 
distance of 

tubewell from 
househol ds 
(in feet) 

e 

300 

300 

300 • 

'lumber of 
person could 
be served by 
one tubewell 

21 
f 

-

67.784 

124.17 

246.56' 

. . I . . I 

Number of tubewells 
in the area consi
dering max. 300' 

distance between T/HL 
and each household 

g 3/ 
Total populn. d 

f X 100 

4012 

?035 

2006 

—J 

Total tubewell 
required 

( 1985 
population ) 

h-Z<* 

13053 

1 / From Table 4.2 

2/ From Figure 4.2 

3/ Population in the rural areas of Jessore Sadar Sub-Olv. according to 1974 census - 1,249,947. Estimated population in 1985 » 1,249,947 x ( 1 • .025) 
- 1,640,000 (approx.) 

Kj This represents an average of 126 persons per tubewell in 1985. 
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4. 2 average Domestic Water Rpquirem ant/Consumption 

In the rural areas of Bangladesh water requirement is 

affected by domestic consumption together with the consumption 

by domestic animals. Domestic requirements of the rural people 

means water requirement for drinking, cooking, washing clothes 

and utensils, batheing, sanitary purposes, house 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 animals, cows and 

goats are the most common. A reasonable quantity of water is 

required for their drinking and food preparation. 

Water use and collection from public and private tube-

wells of 10 households at different places were observed for 

three consecutive days. The tubew^lls were within the inner 

compound or very close to the households. Those households 

used tubewell water for all domestic purposes. Households were 

also 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 represents the per capita water consumption 

under various socio-economic and other field conditions. An 

average of 10 gpcd consumption may be considered normal under 

rural living conditions. Floor area, construction materials 

of the house, approximate monthly income and occupation of the 



TABLE 4.4 

Per Capita Water Collection by Socio-Economlc Status and Sanitary Faci l i t ies 

Sar.pTe 
area 

Floor Area 
of all 
roofed 

duellings 

18 

18 

4 

' 4 

3 

4 

4 

3 

4 

J~. 

.ML-. 

<^350 

350-700 

350-700 

350-700 

350-700 

350-700 

350-700 I 

350-700 ! 

• S 700 I 

L L 

fell 
made 
of 

Mud 

Hud 

Mud 

Brick 

Mud 

Brick 

Hud 

Mud 

Brick 

Brick 

Straw 

Straw 

Straw 

Tali 

Straw 

Tall 

Tin 

'Straw 

L.C. 

l . C . . 

Approx. 
average 
monthly 
in cone 

| [ T o ! c l _ 

45U 

450 

800 

1000 

1000 

1500 

800 

1000 

1500 

1500 

Occupation 
of ths 

househead 

i n t f a i w i * m t i l . 

Labourer 

Labourer 

Farmer 

Farmer 

Farmer 

Fame;' 

Servi ce 

Farm or 

Business 

Business 

Religion 5 Tubewell 

Muslim 

Muslim 

Hindu 

Muslim 

Hindu 

Hindu 

Hindu 

Hindu 

Muslim 

Muslim 

Fani 1 y pump 

Family pump 

PuH i c 

Private 

Publ 1 c 

Public 

Publ i c 

Publ i c 

Publ i c 

Private 

Sanitary 
f ac i l i t y 

-i i i i l i 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Average 
Total 

collection 
(gal lon/ 

day) 

J Household 
i size 
5 (Persons) 

. 1 - -
31.3 

38.2 

47.16 

68.18 

30.75 

107.78 

60.00 

77.24 

54.05 

105.03 

Per capita 
collection 

(gpcd) 

2/ 

5 

6 

5 

7 

i 
O 

10 

5 

6 

4 

9 

6.26 

6.37 

9.43 

9 c 74 

10.25 

10„78 

12.00 

12-87 

13.51 

11.67 

Average: 
10.29 
gpcd 

Average domestic water requirement of 10 gpcd may be considered fyr design purpose 
1n tubewell water supply. 

\J- L.C. e Lime concrete 
Tali « Local name for t i l e s 

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

CO 
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head of t h e house have been t a k e n a s i n d i c a t o r s of s o c i o 

economic s t a t u s . The f i e l d o b s e r v a t i o n found t h a t 70>o of t h e 

r u r a l h o u s e h o l d s have f l o o r a r ea l e s s than 350 sqf t>and a house 

made of mud. Water consumpt ion of t h i s c l a s s of p e o p l e i s 

c o m p a r a t i v e l y l e s s t h a n t h e o t h e r s . T h i s may be b e c a u s e they 

have fewer c l o t h e s to be washed, l e s s food to be cooked; and a 

s m a l l e r f l o o r a r e a to be c l e a n e d . Average w a t e r ct insumptidn 

of t h e p e o p l e of t h e v i l l a g e s o f Amjhupi and S e n b i l l unde r 

Meherpur s u b - d i v i s i o n i s a p p r o x i m a t e l y 25 p e r c e n t l e s s than 

p e o p l e of o t h e r o b s e r v e d a r e a s . P e o p l e of t h o s e p l a c e s a r e 

v e r y poor l a b o u r e r s . They have o n l y one or two smal l t hached 

h o u s e s . Water consumpt ion for c o o k i n g , washing c l o t h e s and 

u t e n s i l s , and washing h o u s e s i s c o m p a r a t i v e l y l e s s t h a n t h e 

p e o p l e of o t h e r a r e a . T h e e x a c t v a r i a t i o n of w a t e r consumpt ion 

of v a r i o u s s o c i o - e c o n o m i c c l e a s s e s of p e o p l e i s d i f f i c u l t t o 

m e a s u r e , b e c a u s e o t h e r f a c t o r s a l s o i n f l u e n c e w a t e r consumpt ion . 

I t h a s been found t h a t 86 p e r c e n t of t h e r u r a l p e o p l e have on ly 

p r i m a r y e d u c a t i o n or none a t a l l and on ly 4 p e r c e n t have more 

t h a n s e c o n d a r y e d u c a t i o n . The l e v e l of e d u c a t i o n may have some 

e f f e c t on w a t e r consumpt ion , but i t i s a l s o d i f f i c u l t t o 

m e a s u r e t h i s u n d e r r u r a l l i v i n g C o n d i t i o n s . 

S a n i t a r y f a c i l i t i e s i n c r e a s e t h e p e r c a p i t a w a t e r 

c o n s u m p t i o n . Approx imate ly 1 g a l l o n a d d i t i o n a l w a t e r pe r c a p i t a 

i s r e q u i r e d fo r hand f l u s h i n g wa te r s e a l l a t r i n e s . 

Tab le 4 . 4 r e p r e s e n t s t h a t Hindu p e o p l e use c o m p a r a t i v e l y 

more w a t e r t h a n Muslims fo r washing t h e i r k i t c h e n 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 Tablp 4.5. This is because some quantity 

of water is always used for washing, cleaning and cooking-which 

is independent of the number of family members. 

Water consumption varies with seasons of the year. During 

hot days of summer more water is used for batheinq. The data 

in the Table 4.4 represents the water consumption during the 

month of April. A water consumption survey was also conducted 

during winter in some places to determine the variation of 

water consumption with the season. Water collection from tube-

wells also varies with the season. About a 20 percent decrease 

of water collection from tubewialls was observed in between 

summer and winter.in some places. .Table 4y6 ^n3 4.17 rep-resents 

water consumption for various domestic purposes.. 

4.3 Patterns of Rural Water Supply 

4.3.1 Types of Sources Used 

The type of water sources are identified as follows: 

(a) Unprotected; - rond end ditch, 

- River and stream, and 

- Ring Well or Dug-well. 

(b ) P r o t e c t e d : - Hand pump tu ' oewe l l ( s h a l l o w , deep, 

Depp-se t pump, Fami ly pump t u b e w e l l ) 



TABLE-4.5 

Per Capita Water Consumption by Household 5ize 

Sample 
area 

3 

9 

10 

11 

16 

18 

23 

23 

25 

26 

Distance of 
the household 
from tube well 

(ft) 

375 

400 

• 200 

200 

270 

250 

150 

175 

150 

120 

100 

92 

263 

237 

315 

300 

• 4.30 

430 

455 

520 

Household size 
( no . of memb ers) 

7 

4 

10 

-6 

13 

7 

11 

6 

8 

4 ' 

13 

7 

5 

2 

9 

5 

9 

4 

16 

8 

Per capita 
consumption 

(gpcd) 

7.28 

10.00 

1.24 

. 2.06 

7.32 

11.04 

1.80 

3.00 

3.50 

9.61 

2.70 

3.92 

4.3 

8.0 

3 .'78'" 

.. 5..Q0, 

1.65 

2.99 

! 5.10 

| 10.20 
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TABLE-4.6 

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

^ ^ ^ P u r p o s e o f 
^""* \^^ u se 

Quant i ty"—^^^ 

In g a l l o n 

P e r c e n t o f 
t o t a l 
r e q u i r e m e n t 

! 

D r i n k i n g 

0 . 5 - 0 . 7 

5 - 7 

Washing 
C l o t h s 

2 . 0 

20 

U t e n s i l s 

1 . 5 

15 

Cooking 

1 .0 

10 

B a t h i n g 

3 . 0 - 4 . 0 

30-40 

O t h e r s 

2 . 0 - 3 . 0 

20-30 

TABLC-4.7 

Water consumption for some specific domestic purposes 

Purpose o f use 

R ice p r e p e r a t i o n f rom paddy 

P o l i s h i n g f l o o r and w a l l w i t h 
mud and wa te r (Mus l im houses) 

Wash t h e body o f cow 

Cow (used i n c u l t i v a t i o n ) 
f e e d i n g 

Cow(not used i n c u l t i v a t i o n ) 
f e e d i n g 

Goat f e e d i n g 

Washing l e g s and hands a f t e r 
w o r k i n g i n f i e l d 

Washing p i t c h e r ( K a l s i ) 

R ice washing and cook ing 

U n i 

p e r 

t 

100 kg 

per 100 s f t 
once or t w i c e 
pe r week 

p e r 

p e r 

p er 

p e r 

p e r 

p er 

cow/week 

cow/day 

cow/day 

g o a t / d a y 

person p e r t r i p 

p i t c h e r p e r t r i p 

p e r c a p i t a per day 
( t w i c e a day) 

—-—' 
Q u a n t i t y 
i n g a l l o n 

0 

g 

0 

20-25 

2 . 0 

5 . 0 

5-7 : 

3 - 4 

0 . 5 

. 5 - 1 . 0 0 

. 3 - 0 . 5 

. 8 - 1 . 0 0 
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In all the sample areas, most of the households have access 

to both protected and unprotected sources, although the 

distances to the sources are different for different households. 

Table 4.8 shows the average distance 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 always construct ring wells 

within their inner compounds. Moreover, since it is cheaper 

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

ring wells in a locality. 

The pond is the main traditional source competing with gr;, 

water collection through handpump tubewells, which is seen in 

almost all areas. Figure 4.3 represents the comulative relative 

frequency distribution of travel time of the households to 

preferred water sources, which indicates that average distance 

of the households from a pone is nearly equal in comparison 

with a handpump tubewell. On an average 40 percent of the rural 

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

was. 30.0_.ft. ..Within the last 4 years,, the total number of tube-

wells has increased by about 50 percent. Only 20 percent of 

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

The time required to go and return from a source situated at 

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

&hows 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 cloth"eTs an3 
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ROUND TRIP TRAVEL Tir'E 70 SOURCE (fN MINUTES) 

Fig. 4.3 Cumulative ttelot/ve Frequency Distribution of Travel Times io Preferred Water 
Source of the Households 



TABLE +.9 

Water Sources used bv the Households (in percent) for Various Domestic Purposes 
— — — ' ' m i l l •!— i n r - * — — a m W—»»M MI. i • in mmAmimmmmmmmmmmmmmmmmm^m** m i l m mmammmmmm^m^ 

Sample 

3 

7 

12 

13 

14 

16 

18 

20 

25 

26 

(lean 

Season 

Dry 
Rainy 1 
Dry 
Rainy 
Dry 
Raijiy 
Dry 
Rainy 
Dry i 
Rainy 
Dry 
Rainy 
Dry 
Rainy 
Dry 

Rainy 
Dry 
Rainy 
Dry 

Rainy 

Drinking 

f . T7HL .__ 
100 
100 
97 
95 

100 
100 
100 
100 
100 " ~ i 

,._10p 
100 
100 

95 
92 
95 
90 

100 
100 

pioo* 
I 100 

Dry j 98.7 
Rainy 1 97.7 

Other 

• 

3 
5 

: 

-

_ = _ „ . 

-
' " 5 

8 
5 

10 

-

: 
S 1 . 3 
! 2.3 

Cool 

T/H 
67 
50 
80 
70 

85 
90 
65 
40 
90 
80 
90 
80 
58 
40 
10 
10 
15 

10 
56 

I 47 

d " y 

Other 
33 
50 
20 
30 

100 
100 

15 
10 
35 
60 
10 
20 
10 
20 
42 
60 
90 
90 
85 

90 
44 1 

53 

Hashing 
Clothes 

T/HL 
45 
12 
48 
20 

: 

61 
35 

P~30 
12 
15 

8 
40 
18 
30 
5 

15 
5 
6 
5 

29 
12 

Other 
55 
88 
52 
80 

100 
100 

29 
65 

70 
88 
85 

. . . 9 2 . . . . 
60 
82 
70 
95 
85 
95 
94 
95 
71 
88 

Utensi ls 
T/WL 
85 
80 
80 
75 
35 
10 
50 
35 
55 
40 
85 
80 
65 
55 
55 
50 
25 
10 
15 

5 
55 
44 

Other 
15 
20 
20 
25 
65 
90 
50 
65 

Bathing 

T/H 
20 
15 
38 
32 
12 
10 
30 
23 

45 \ 20 
60 15 , 
15 1 
20 
35 
45 
45 
50 
75 " 
90 

10 
5 

15 

30 
20 
15 
10 

85 ] 10 
95 
45 
56 

20 
13 

Other 
80 
85 
62 
68 
88 
90 
70 
77 
80 
85 
90 
95 
85 

100 
70 
80 
85 
90 
90 

100 
80 
87 

For c a t t l e 

T/WL 
50 
40 
54 
50 
~ 

15 
10 
40 
25 

90 
80 
21 
20 
-

10 
5 

_ 

28 
23 

O t h e r ! 
50 
60 
46 
50 

100 
100 

85 
90 
60 
75 

10 
20 
79 
80 

100 
100 

90 
^95 
100 
100 

72 
77 

Sanitary and 

other purposes 
T/H 

70 
60 
72 
60 
28 
20 
30 
2? 
' 6 5 ' " " 
60 

100 
95 
50 
40 
40 "'", 

35 
15 
10 
10 
5 

48 
41 

Other 
30 
40 
28 
40 
72 
80 
70 
75 
35 
40 

5 
50 
60 
60 
65 
85 

90 
90 
95 

59 

Foot Note: The sample areas used In Table 4.9 are not fully compatabl e, since data for the areas were collected during different periods. 
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u t e n s i l s and - ' " for ; 'bathing" p u r p o s e s , u n p r o t e c t e d s u r f a c e wa te r 

sources a re p r e f e r a b l e ;t3 r u r a l consum&r.s. But due t o t h e 

absence o f s a n i t a r y d i s p d s a l ' o f e x c r e t a arid n o n - h y g i e n i c 

p r a c t i c e s i n the . r u r a l a reas , most o f t h e u n p r o t e c t e d sou rces 

a re dange rous l y c o n t a m i n a t e d . Moreover , wa te r l e v / e l s f l u c t u a t e 

w i d e l y w i t h seasons o f thp. y e a r , Du r i ng summer, when t h e s e 

Sources i n many p l a c e s "become a lmos t dry>' t u b e w e l l . wa te r Use 

i n c r e a s e s . I n t h e r a i n y season, s u r f a c e w a t e r use i n c r e a s e s 

a g a i n . Chemica l t r e a t m e n t or" san i ta ry - - p r o t e c t i o n o f t hese 

exposed sources w i l l i n v o l v e a h i g h cos t and i t i s i m p r a c t i c a b l e 

i n t h e r u r a l a reas . Ground wa te r c o l l e c t i o n . thrau 'qh 'handpump 

t u b e w e l l i s g e n e r a l l y cons ide red a s a f e - a n d r e l i a b l e supp ly o f 

w a t e r i n r u r a l a reas as t h e chances o f c o n t a m i n a t i o n are few. 

Except the h i l l y a reas o f C h i t t a g o n g and b y l h e t and t h e ; w e s t e r n 

p a r t o f Raj shah i d i s t r i c t , the' w a t e r t a b - l e - l i - t s ' p r e s e n t l y • 

w i t h i n t h e s u b t i o n l . i m i t o f handpumps. I n the above men t i oned 

p l a c e s and where t h e w a t e r t a b l e goes beyond t h e s u c t i o n l i m i t 

o f t h e norma l hand pump, d e e p - s e t pumps a r e u s e d . D e e p - t u b e w e l l s 

a re i n s t a l l e d where sweet, w a t e r i s not a v a i l a b l e a t a r e a s o n a b l e 

d e p t h , f u b e w e l l w a t e r i s m a i n l y used f o r d r i n k i n g i n a lmos t a l l 

t h e s e a r e a s . Where tub .ews l l w a t e r does no t c o n t a i n h i g h , concen 

t r a t i o n s o f i r c r t j i t i s a l s o used f o r c o o k i n g , wash ing u t e n s i l s 

and some t i m e s i t i s used f o r b a t h e i n g and wash inn c l o t h e s . 

Tubewe l l w a t e r Usage dec reases by 17/a i n the r a i n y season, 

a c c o r d i n g to t h e i n t e r v i e w s . 

Table 4 .10 r e p r e p - ' n t s ^he averaga per c a p i t a w a t e r 

c o l l e c t i o n from t u b e w e l l b o t h i n d r y AJand.; w i n t e r , seasons as 



TABLE 4.10 

Average per cap i t a water collection from tubewell In dry and rainy season 

Purpose of use —•> 

oeason H h t . H t i » » , » > i a t r < 

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

1 / 
*mmm• M W I — n i i i < i • » • • • • ! • • n w ^ 

b) 
Avg. water requirement for 
the purpose in percent of 
the daily per capita 
requirement 2/ 

3 
Avg. water requirement for 
the purpose in gallon per 
capita per day 2j 

A\ axe 
d) - l o o 
Amount of water collected 
from tubewell source for 
the purpose in gallon 
per capita per day 

Drinking 

"Dry 

98.7 

Rai ny 

97.7 

5-7 

0.5 

0.494 

0.49 

fry 

56 

Cooking 

Rainy , 1 , Pry" 

2 

47 

10 

1.0 

0.56 

M d U t > « - A M K 

0.47 

Clothes 
Washing 

fc » < » « > • * J in 

L*^)M. 

89 

mmjmm^mtm 

Rainy. 

12 

20 

2.0 

Oi.58 

J-J 
0.24 

Utensils 
Rafny" Cry 

55 

_± 44 

15 

1.5 

0.82 

0.66 
* m Mi « ^ » . * " 

Bathing 

J»3L 

20 

_Raijv^ 

13 

30-40 

3.0 

0.60 

0.39 

Sanitary and other 

Cry 

48 

Rainy 

41 

20-30 

2.0 

0.96 

0.82 

u*-+^-»t<-* J -*um\ 

e) . £d 
Total per capita per day 
collection from tubewell 
(in gallon) 

>••« *•*•-!» j f l ^ t-*^L! 

Dry 

Rainy 

4.0 2 g al 1 on /cap i t a/day 

3 J) 7 gal Ion/capita/day 

r* - - - r i l i *•» J ^ H T * i U > * i i > 4 * i * m . > » ^ » * 

Mean collection from tubewell . 3.54 gped 

NOTE: 1 / From Table 4.9 ' 2/ From Table 4.6 3/ Average domestic per capita per day consumption has been considered = 10 gall(*i 
en 
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obtained from-interviews of the households. Hean psr capita 

collection from tubewell is only 35L,b of the total daily 

consumption. Tubewell water collection decreases by 23 percent 

in the rainy stason, which.has been calculated from the 

observations, which is elos« to the 17/b notid from: interviews. 

Figure 4.4 indicates the 50 percent householda have 

tubewell water coll ection less than 3.3 gpcd. Observation of 

water sources have .show.n ' a mean tubewell water collection of 

3.9 gpcd, i.e 3Q>b of the total Jaily consumption. The balance 

i.e- 61^ of the total daily consumption is b:'.ng collected from 

unprotected sources like ponds (Plate-1), rivers, ringwells,etc. 

4.3.2 Types of Collection jystem 

In rural areas of Bangladesh about 90- percent of the 

ground water is being lifted by] handpump tubewells. Depending 

on the- depth, handpump tubewells are classified as shallow or 

deep tubewells. Normally hand pump tubewells are ly inch dia. 

and they are fitted with a "Mo.6 handpump" at the top. Recently 

some 1" dia. very shallow tubewells have been installed on an 

experimental basis in some selected places, which are fitted 

with a "No.2 hand pump" (Plate-2). This type of tubewell is 

known as"Family pump" tubewell. Some of the salient features 

of these pumps are briefly tabulatad in Append.ix-B. Both types 

of pumps are able to pump water from ground water source where 

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

pump. Two separate designs of the No. 6 hand pumps are '.available; 
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P l a t e - 1 Id/gter consumption from unpro tec ted pond. 



49 

the local type known as the "Maya No. 6" and the UivilCEF type. 

The latter has been developed by the UNICEF local office. 

Yield capacities of the pumps are different. Other major 

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

pump and type of operation. Table 4.11 represents the average 

yield of 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, generally, medium or a small pitchers and 

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

house. Households living close to a source make more journeys 

and collect less volume of water per trip than the households 

living some distance away from source. Average volume o-f water 

collection per trip lies between 2.1)0-2.50 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 traditional handpump tubewell, but referring to 

Table 4.11, the average yield capacity under medium operating 

conditions is nearly the same. The total cost of construction 

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

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

is about threc: times hcevier and thu- more robust than a No. 2 

pump. In Family pump tub'wells 1 inch dia. pipes are used in 

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

pump tubewell is about half . . . 



TABLE 4.11 

Average Capacity of No.6 and No.2 Pump 

50 

Pump. Number 

Type of Pump 

Type of Operation 

f lo. 6 
» < « r l ».»•>«»••».» » * 

LOCAL (Maya Type) 

Heavy 
thrust 

/fedi urn Slow 

UMICEF 
.jjtanjfljjdesh New No.6) 

Heavy 
thrust 

ffedl urn Slow 

No. 2 

Experimental 1 / 

Heavy 
thrust 

Medlurn Slo» 

Average strokes/ 
minute 

15-18 25 20 

Average yield 
(gal Ion)/stroke 

« ^ ~ ^ . j . - < 

0.30 0.13 0.06 

15-18 

0.41*/ 

25 

0.16 0.08 

50 

0.07 

55 
* ^0.M-*-^-»-* 

0.06 

Average yi el d 
(gall on)/mini 

40 

0.03 

4.50-
5.50 

3.5 1.5 6.0-
7.50 

4.0 1.5 3.5 3.0 1.0 

y This was designed In Bangladesh, and Is a modified, scaled-down, version of the Jlaya-type pump. 

2/ The theoretical "swept volume" z\ a fu l l 8|n stroke will y ie ld 0.35 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 Is complete. 

TABLE 4.12 

Containers used by 100 households for the collection of water 

Bucket (BaltO * Type of container ~JJ£ Pitcher (Kalsl) Others 
Size of container 
Average capacity of 
containers (gallon) 

Big Medium 
3.6-
3.0 

2.75-

2.0 

Snail 
1.5-
1.0 

*± Medl urn Snail 

1.5 1.0 
— 

Badna - 0.25 
Jug - 0.50 

Percent of water 
collections made 

11 34 24 20 
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P l a t e - ^ . v a r i o u s t y p e •.of.jpumps 

P l a t e - 3 Major c o n t a i n e r s used f o r wa te r c o l l e c t i o n 
from tub c?well 



C Q U P Q TRJP TR£WEt. TIME TO SOURCE UN U1NUTO 

Fig. 4.5(aJ Eitfecfl of Travel Time to Source on Volume of Water 
Collided Per Jsurncy from Tuboweil wifii No.G Pump 

,3 
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GOWm YRiP TRAVEL TIMS TO SOURCE (Ift MINUTE) 

PiU,4,5(b) EMec* of trove! Tiina to Sendee on 
'"Volume"of Wafer CbHected Per Journey 

from Ttsbewell wiih 4Wo,2 Pump. 
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t h a t o f a t r a d i t i o n a l t u b e w e l l . The . m a i n t e n a n c e c o s t o f a 

F a m i l y pump t u b e w e l l i s a l s o l e s s b e c a u s e - o a r e s a r e l e s s 

c o s t l y . O n l y a few b u c k e t s h a v e b e e n r e p l a c e d i n t h e F a m i l y 

pump t u b e w e l l s o f A m z h u p i . M e h e r p u r i n t h e f i r s t y e a r a f t e r 

i n s t a l l a t i o n , t h e c o s t s o f w h i c h a r e l e s s t h a n t a k e 2 0 / - p e r 

t u b e w e l l . A l t h o u g h t h e t u b e w e i l r h a v e b e e n i n s t a l l e d f o r o n e 

f a m i l y , i n mos t o f t h e p l a c e s 5 -15 h o u s e h o l o s u s e one w e l l . 

F i g u r e 4 . 6 shows t h e : t h e m a i n t e n a n c e c o s t o f a t u b e w e l l 

v a r i e s d i r e c t l y w i t h "umber o f u s e r s . The m a i n t e n a n c e c o s t o f 

a t r a d i t i o n a l hand pump t u b e w e l l iv a b o u t t a k a 4 5 / - p e r annum 

w h e r e a p p r o x i m a t e l y 16G p e o p l e use t h e t u b e w e l l . M a i n t e n a n c e 

c o s t s a r e o p t i m u m f o r a p p r o x i m a t e l y 60 u s e r s f o r a dumber 6 

t y p e w e l l . 

A r o u g h e s t i m a t e f r o m t h e ;« .ove i n d i c a t e s t h a t t h e c o s t 

of :construet ion and maintenance of a Family pump tubewell does 

not exceed 50'yi> of that of a t rad i t iona l hand pump tubewell. 

However, where a "Number 6" tubewell w i l l serve possibly 150 

people, a "Number 2" tubewell w i l l only serve 20-30 adequately 

This makes the per capita cost .of the "Number 2" somewhat 

higher than the "Number 6". 

4.4 Factors A.ffecting Rural Water Use Habits 

I t has already been observed that the major portion of 

water for various domestic purposes is being collected from 

unprotected •soj'rees.-'-In aLl ; sample -areas- household&wexe........,, .. 

interviewed to findout the reasons for non-usage of tubewell 

water. The main reasons are ident i f ied as follows: 
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Description Type of problem 

Sufficient quantity of water is 
available from surface sources (15ii) 

Feel comfort in taking bath and 
washing cloths in pond and river! 9 5:;o) 

Traditional habit 

1ub?well is too far away (29'>o) 
Ringwell or pond or river is closer 
to the house (49>o) 

Distance of the 
source 

More time is required in fetching 
water from a tubewell particularly 
for bathing 3nd washing 

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

Time spent in 
collecting water 
and its use 

- Tubewell water tastes bad and has a 
cloudy appearance (36%) 

- Cooked food and clothes become 
coloured (29/o) 

- Take more time in boiling rice 
' and dal (27%) 

- Hair becomes sticky (58%) 

Water quality 

Taking bat and washing ele'ehs on 
small platform is difficult (AQ%) 

Tubewell site becomes flooded and 
contaminated by waste water (19;°) 

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 tubewe^ls are not for 

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

prevents them from using tube^ ;lls for all purpose. Sometimes 

caretakers dn not permit ot(~ rs to use tubewell water for 

purposes other than arinking. 
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4 . 4 . 1 T r a d i t i o n a l H a b i t and Lack o f Awareness about t h e 
Causes o f Water Borne D iseases 

T r a d i t i o n a l h a b i t s passed down t h r o u g h the ages l e a d 

r u r a l peop le t o use u n p r o t e c t e d w a t t f rom ponds, d i t c h e s , 

r i v e r s e t c . , p a r t i c u l a r l y f o r b a t h i n g and washing c l o t h e s . ' 

Most peop le d u r i n g i n t e r v i e w s r e p l i e s t h a t t hey ge t p e r s o n a l 

s a t i s f a c t i o n i n submerging t^e:-- se lves i n r i v e r s o r pond wa te r 

f o r b a t h i n g . Some have t h e i d e a t h a t t u b e w e l l wa te r i s m a i n l y 

f o r d r i n k i n g ana no t f o r a l l p u r p o s e s . •. 

F i e l d o b s e r v a t i o n i n d i c a t e s t h a t most , i f no t a l l , use 

t u b e w e l l w a t e r a t l e a s t f o r d r i n k i n g . A t p r e s e n t t h e y have 

an i d e a t h a t i f t h e y use u n p r o t e c t e d w a t e r f rom ponds and 

r i v e r s f o r d r i n k i n g , t h e y may be a t t a c k e d by germs o f c h o l e r a 

o r d i a r r h o e a . 

However* they a r e t o t a l l y i g n o r a n t about t h e dangers 

r e s u l t i n g from the use o f unpro t .ec t 3d wa te r f o r o t h e r domes t i c 

p u r p o s e s . A l a c k o f h e a l t h e d u c a t i o n i s r e s p o n s i b l e f o r t h i s . 

A c e n t u r i e s o l d t r a d i t i o n a l K . b i t cannot be changed 

r a p i d l y . B e t t e r f a c i l i t i e s such as a t u b e w e l l w a t e r supp ly 

shou ld be p r o v i d e d to encourage them t o u s i n g t u b e w e l l w a t e r . 

I n a d d i t i o n , an e x t e n s i v e g e n e r a l e d u c a t i o n programme i s 

needed. Peop le shou ld be m o t i v a t e d t h r o u g h h e a l t h e d u c a t i o n 

a c t i v i t i e s . A l o n g term a p p r o p r i a t e programme shou ld be o l a n n e d . 
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4 . 4 . 2 Time Requ i r e i n f e t c h i n g Water from t h e Source (T/WL) 

Water consumpt ion from a s o u r c e v a r i e s w i t h t h e t i m e of 

day. A peak demand p e r i o d between ' . 0 0 and 10 .00 A.M. i s 

obse rved i n most p l a c e s . F i g u r e 4 , 7 r e p r e s e n t s t h a t on an 

•av/erage, 14 p e r c e n t of t ' , t o t a l w g t ^ r c o l l e c t i o n j o u r n i e s a r e 

made between 7 .00 A.M and 8 A.M. I t can be a l s o seen from 

F i g u r e 4 . 8 t h a t 5C p e r c e n t of d a i l y t o t a l c o l l e c t i o n j o u r n i e s 

a r e made w i t h i n th.- f i r s t f i v e h o u r s . Since a t peak demand 

p e r i o d , c o m p a r a t i v e l y more ^oplfj a t t e n d a t u b e w e l l w i t h i n 

a s h o r t i n t e r v a l of t ime ( P l a t s - 4 ) , i t t a k e s s e v e r a l m i n u t e s 

to f e t c h w a t e r from t u b e w e l l . In ona p l a c e 19 c o l l e c t i o n 

j o u r n e y s were made w i t h i n B m i n u t e s and soma w a t e r c o l l e c t o r s 

w a i t e d 10-15 n. m u t s s a t t u b e w e l l s i t s . Th- maximum t ime 

r e q u i r e d t o f e t c h w a t e r from t u b e w e l l a t peak demand p e r i o d 

depends on, how many u s e r s t h e r e a n ; to t he t u b e w e l l . T a b l e 4 . 1 4 

r e p r e s e n t s th« v a r i a t i o n of w a i t i n g t i m e s . 

L?ng d e l a y s a t t u b e w e l l s i t e n a t u r a l l y d i s c o u r a g e a 

w a t e r c o l l e c t o r , who o f t e n p r e f e r s t c u s e nearby u n p r o t e c t e d 

s o u r c e s i n s t e a d . 

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

to a t u b e w e l l u s e i t moru f r e q u e n t l y b u t c o l l e c t l e s s w a t e r 

p e r t r i p t h a n h o u s p n o l d s l i v i n g some d i s t a n c e from t h e t u b e w e l l . 

V a r i a t i o n s in numbers of c o l l e c t i o n j o u r n i e s and volume" of w a t e r 

c o l l e c t e d a g a i n s t d i s t a n c e have been p r e s e n t e d i n F i g . 4 .9 and 

Column ( e ) of T a b l e 4 . 1 3 , which i n d i c a t e s t h a t t h p p e r c a p i t a 

d a i l y c o l l e c t i o n d e c r e a s e s w i t h d i s t a n c e - of h o u s e h o l d from 

t u b e w e l l . 
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TABLE 4.13 

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

la) i 

Di stance 
of the 

househol d 
from 

tubewell 
(feet) 

0-100 

100-200 

200-300 

300-400 

400-500 

500-600 

M " B , 1 
Average 

number of 
coll ection 
journies 
per house
hol d/day 

1 
28 

19 

•1 

8 
1 

+ 
* 

2 

(c) 

Average 
volume of ! 
water 

coll '?cted 
per t r ip 
(gallon) 

2.00 

2.60 

2.75 

2.75 

2.70 

Total 
volume of 

water 
coll ection 
per house

hold por day 
{gallon) 

56 

47.50 

28.60 

22.00 

11.00 

5.40 

(e) 
Average 

per capita 
collection 
per day 

(gallon) y 1 
8.00 

6.79 

4.07 

3.14 

1.57 

0.78 

- " ( f ) ] 
Average ; 

round t r ip : 
travel time j 
to source ] 

(min) 1 

V 
" " 

0.5 

1.5 

2.5 

3.5 

4.5 

• 
5.5 

(g; 
Time required 
to f i l l the 

container with 
water (in c) 
per t r i p 
(min) , , 

0,50 

0.J25 

0.650 

0.688 

0.688 

0.680 

(h) 
Time spent 
in washing 
and placing i 
the container 
per time 

(rain) , , 

0.66 

0-Gu 

0.66 

0.66 

0.66 

0.66 

(0 i 
Total 
time 
spent 
per 
t r ip -
f .g.h 
(min) 

1.66 

2.29 

3.78 

4.85 

5.85 

6.75 

0, 

Total time 
spent per 
househol d 
per day 
«. i x b 

(min) 

46,48 

43.51 

41.58 

38.80 

23.40 

13.50 

(k) 
Time spent 
in percent 

of the 
avai 1 abl e 
working day 

y 

5.16% 

4,83% 

4 .6$ 

4.31% 

2.60% 

1.50?-

1 / Considering average household size «. 7 2/ Round t r i p travel time for a travel distance of 1001 i s approximately . 1 min. 
3/ Considering average yield from a T/W. - 4 gall/rain. 
4 / About 40 second i s required to wash and placing the container at T/HL s i te . 
5j Available working day is from 5.00 a.m. to 8.00 p.m. . 15 hours 
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Table 4.13 also indicates that total tir; ̂  spent'in 

collecting water from a tubewell per day per household living 

within 400' from a tubewell does" not ' vary significantly. A 

household living some distance away from a tubewell makes 

fewer collection journeys,, collects less water but spends more 

time in round trip travel to •'jurce than the households living 

close to the tubewell (Plate-5). The total time spent in 

collecting water is only a fraction of the daily available 

working day. 

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

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

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

ly 1.30 minutes will be required at the tubewell site. Under 

such conditions 160 people cannot be satisfied by one tubewell. 

Moreover since people never visit a tubewell regularly through

out the peak demand hour, they './ill have to wait for some time 

in fetching water even if the number of users is kept limited 

to 80, say. 

To 'avoid any long del-ay-a-t the tubewell site for fetching 

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

than half of the above figure. 
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P l a t e - 4 Heavy r u s h a t t u b e w s l l s i t e a t peak demand h o u r . 

\ 

\ 

P l a t e - 5 Water c o l l e c t o r s from l o n g and s h o r t d i s t a n c e s 
to a t u b e w e l l . 

v 
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TABLE 4 .14 

E f f e c t o f Dumber .g f u s e r s on maximum de lay a t t u b e w e l l 
s i t e a t peak Demand p e r i o d f o r one t r i p 

Number o f u s e r s q ?* 3 tub s w e l l 

About 40 househo lds (280 persons) 

30 " (210 •• ) 

20 " (140 " ) 

10 " (70 " ) 

Average maximum d e l a y a t 
t u b e w e l l s i t e ( i n m i n u t e s ) 

15 - 20 

10 - 15 

5 - 1 0 

Less than 5 m i n u t e s 

The t a b l e above r e p r e s e n t t h e p r e s e n t f i e l d c o n d i t i o n s . 
1\ . ' , . . . , - ' • i - T - ~ W . •— Vl . . . I ^ — ^ . . • • I I H — ^ M I ! • ' — * - ^ ^ — ^ r t » ^ — W * — ^ W ^ ^ » ^ — f ^ ^ l M ^ 1 

4.4.3 Water Quality 

Ths physical quality of water plays an important role in 

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

Bacteriological quality carries little importance to the rural 

people, since they prefer water which tastes good and is odour

less, and which does not change the colour of food or stains 

clothes. 

Iron and chloride content in ground wacer collected 

through handpump tubewells in Bangladesh is generally high and 

in some places the concentration is at a much higher level than 

the limit acceptable to the rural people. People of those 

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

and river waters. 
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Detail studies on water use patterns were carried out 

in some iron and chloride problem areas of Jessore, '<ushtia 

and Khulna districts. In one iron problem area of Jessore, one 

hundred - households were interviewed about their water use 

habits. There were 8 public and 2 private tubewells, 3 ponds 

and one ring well in the area. In addition, the river "Bhairab" 

runs yery close to that plac«, The average iron content in 

tubewell water was 6 mg/1 and 77% of the total households 

surveyed had a tubewell within 700 ft. iviost of the people of 

that locality were farmers or labourers. The water use habits 

of the people of the locality have bes.n presented in Table 4.15 

which indicates that other than for drinking, pond and river 

water uses are prominent in iron problem areas. ,.» 

In'one saline problem area o f Khulna twenty hou$sholds 

around three tubewells were interviewed about their water use/ 

which have been presented in Table 4.17. Chloride contents of 

the tubewell water were 818 mg/1, 1900 mg/1 and 2300 *«q/l 

respectively. Ther-.-: are about 10 ponds and ditches in the 

locality. The first tubewell is a deep tubewell and all people 

of the locality u se it s_. water st least for drinking. Peopls 

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

water. Per capita water collection by the households from the 

tubewell have been presented in Figure 4.10. Water collection 

from the other two tub ewell s" is very low.' Only four households 

living very close to the tubewell use its water for some 

sanitary purposes. 
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TABLE 4 .15 

Water sources used by t h e house h o l d s ( p e r cen t ) f o r v a r i o u s 
domes t i c pu rposes i n an i r o n p rob lem area 

Water use 

Drinking 

Cook ing 

Washing clothes 

Washirig Utensils 

For cattle 

Sanitary 
purpo ses 

Seasons 

Dry 

Rainy 

Dry 

Rainy 

Dry 

Rainy 

Dry-

Rainy 

Dry 

Rainy 

Dry 

Rainy 

Tub e-
well 

99.5 

99.5 

8. 

8 

4 

3 

19 

18 

4 

4 

17 

17 

Ring- l Pond 
well 

0.5 

0.5 

1 

1 

2 

1 

1 

1 

2 

2 

1 

1 

-

-

22 

23 

20 

23 

19 

20 

22 

22 

20 

20 

River 

-

-

69 

68 

76 

73 

62 

Rain 
water 

-

-

— 

1 

— 

62 

80 

80 

65 

65 

— 

-

_ 

TABLE-4.16 

JLeasons ( p e r c e n t ) f o r non-usaoe o f t u b e w e l l w a t e r 
i n an i r o n prob lem area 

Aesth etic 
( colour) 

90 

Stains 
. clothes 
and utensils 

68 

———————— 
Odour 

28 

, 

i * — 

Teste 

38 

Causes 
constipation 

1 
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TABLE 4 . 1 7 

Water Sources used by t h e h o u s e h o l d s ( i n p e r c e n t ) f o r 
v a r i o u s d o m e s t i c p u r p o s e s i n s a l i n e problem a r e a s 

5ou res. 

T u b e -
well 

Other-.., 

Drink ing 

100 

0 

•Cook ing 

16.6 

•8 3.4 

Laundry 

5.:̂  

'• • . 5 

Washing 
u tensils 

Bathing 

5.5 0 

94.5 100 

Sanitary 
and other 

5.5 

94.5 

During the i n t e r v i e w of h o u s e h o l d s , p e o p l e e x p r e s s e d 

t h a i r o p i n i o n about t h e c a u s e s of t h e non-usage of t u b e w e l l 

wnter i n i r o n and c h l o r i d e problem a r e a s . The r e a s o n s men t ioned 

by the p e o p l e of i r o n , p r o b l e n a r ' i a s a r e p r e s e n t e d in Tab le 4 . 1 6 . 

The main reason fo r n o n - u s a g e of c h l o r i d e c o n t e n t w a t e r 

i s i t s b i t t e r n e s s i n t a s t e . 

In d i f f e • ?nt i r c n and s a l i n e : roblem a r e a s o f J e s s o r e , 

Khulna and K u s h t i a , soma h o u s e h o l d s were i n t e r v i e w e d about 

t h e i r g e n e r a l o p i n i o n on o v e r a l l w a t e r q u a l i t y . T h e i r o p i n i o n 

has been p l o t t e d i n F i g . 4 . 1 1 and 4 . 1 2 , a g a i n s t t h e c h e m i c a l 

c o n t e n t of t h e t u b e w e l l w a t e r they use ' . I t i s o ts ivrved t h a t 

r u r a l peop le - use;; hanupump t u b e w e l l w a t e r hav ing an i r o n c o n t e n t 

l e s s than 2 mg/1 and c h l o r i d e c o n t e n t l e s s than 400 mg/1 w i t h o u t 

r a i s i n g ' a n y s p e c i f i c o b j e c t i o n and t h e y c o n s i d e r such w a t e r a s 

good. 

In a d d i t i o n to t h e i n t e r v i e w of t h e h o u s e h o l d s , four 

t u b e w e l l s a t d i f f1er<*nt-usit:-e's=l which y£'eid w a t e r / - w i t h ' i r o n " , 

c o n c e n t r a t i o n s of a b o u t 8 , m g ^ were^ Qjb served; hQt&S*n 5.30 A.M. 
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and 7.3G P.M. The r a t e o f wa te r c o l l e c t i o n f rom the f o u r t u b e -

w e l l s a t two p l a c e s has been p l o t t e d a g a i n s t d i s t a n c e s i n 

F i g . 4 . 1 4 . The curve i n d i c a t e s t h a t t h e maximum averao= per 

c a p i t a per day c o l l e c t i o n from t h e f o u r t u b e w e l l s i n i r o n 

prob lem areas was o n l y 2 . 5 . g a l l o n as a g a i n s t an average o f 

10 g a l l o n per c a p i t a per day consumpt ion under normal r u r a l 

l i v i n g c o n d i t i o n . 

I n o r d e r to d e t e r m i n e the e f f e c t o f improved wa te r 

q u a l i t y on wate r c o l l e c t i o n ; r.*;me Community Type I r o n Removal 

P l a n t s have been des igned and c o n s t r u c t e d a t two t u b e w e l l p i t -ee , 

t P l a t e 6 and 7 ) , ou t o f the f o u r p r e v i o u s l y o b s e r v e d t u b e w e l l s 

which o r i g i n a l l y y i e l d e d w a t e r w i t h i r o n c o n c e n t r a t i o n o f 

around 8.00 m g / l . 

The d e t a i l d e s i g n o f t h e i r o n removal p l a n t has been 

shown i n F i g . 4 .13 and t h e pe r fo rmance o f t h e p l a n t has been 

p r e s e n t e d i n Tab le 4.18 and 4 . 1 9 . 

The p l a n t s shown i n F i g u r e 4 .13 c o n s i s t s o f f o u r u n i t s -

a e r a t i o n c h a n n e l , s e d i m e n t a t i o n , a d s o r p t i o n and f i l t r a t i o n 

chambers. The a e r a t i o n channe l (A) i s made 4 " PVC p i p e p a r t i a l l y 

f i l l e d w i t h b r i c k c h i p s ( c a l l e d khoa l o c a l l y ) and i s s l o t t e d 

a t i t s upper s i d e . Water d i s c h a r g e t h r o u g h t h e mouth o f t h e 

tub-ewel l passes ove r t h e khoa becoming p a r t i a l l y a e r a t e d , and 

than d r i p s i n the s e d i m e n t a t i o n chamber ( B ) . I n t h e sed imen

t a t i o n chamber wa te r f a l l s on th<? c h a r c o a l bed a t t h e t o p , 

wh ich p r o v i d e s f u r t h e r a e r a t i o n . Some p o r t i o n o f p r e c i p t a t e d 

i r o n f l o c c u l a n t s e t t l e s at t h e bo t tom o f t h e s e d i m e n t a t i o n 
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P l a t e - 6 Iron removal p l a n t No. 1 . 

P l a t e - 7 Iron removal p lan t Wo. 2, 
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TABLE 4.18 

Field analysis of water samples and performances of Iron removal plant 
—M——- * • ~T< w ntrm* 11 B ^ » w y T - n i t r r n w n i ^ a ^ a m w rnn T ^ I T I rmTi—rrir i i c i f a a i r m i r 

?? 

TABLE +.19 

Laboratory analysis of water samples In Plant No. 2 
(with Intermittent pumping) 

Typo of 
water 

Raw" 
water 

Treated 
water 

Iron 

•tog/'?. 
3.00 

Dissolved 
C02 

,...h/i) 

0.40 1 130 

60 

• M > I mm rmmm 

Total 
Alkalinity 

(mq/l) 

418 

Manganese 

ni l 

428 

~ • ti t iff 1*11 ~ « r i n 

ni l 

Total 
hardness 

J22/LL 
444 

410 

Chloride 

-JaaflJL 
100 

100 

DO 

3.2 

2.4 

pH 
value 

6.8 

7.3 

NOTE: The Dissolved Oxygen (00) level is lower in the treated water because of dissolved CO2 being driven o f f . 
This has the effect of allowing Ferrous Iron in solution to precipitate with the help of DC and absorbed 
oxygen in the process.. See Ahmed, Farooque and Ahmed, Feroze, "Iron Problems in Rural Water Supply In 
Bangladesh", presented to 24th Annual Convention of Institution of Engineers, Dacca, 30 December, 1979. 
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chamber. Water from the sedimentation chamber enters into the 

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

;flows upward. Small particles: of precipitated iron floe 

^adhere, to the surface of the k.hpa.Xn the.ad sorption chamber 

•and assist in further''removal of the iron from tubewell water, 

ilfl/ater from the adsorption chamber flows over a weir and enters 

into the filter bed (D), where most of the remaining precipi

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

discharged through a 1̂ - inch diameter bent PVC pipe (E). 

About 9Q:/o removal of iron has b^en 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 these have been presented in Table 4.20. An average increase 

of just under 2.0 gallon per capita per day water collection 

has been'observed. The rate of increase dep&nds on initial; 

consumption. This water is generally utilised for. cooking,.. 

washing clothes and utensils etc.' Therefore, by spending about, 

ll/o more, in the tubewell project in iron problem areas,...about 

an 80 percent increase in water collection from tubewells will 

occur. 

If in future per capita collection increased to 10 gallon, 

then in order to maintain the present length of runs between 

cleaning of the plant, users per tubew=ll must be kept limited 

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

plant will require more frequent cleaning. 
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TABLE 4 .20 

V a r i a t i o n i n w a t e r c o l l e c t i o n from t u b e w a l l due t o r e d u c t i o n o f 
i r o n c o n c e n t r a t i o n 

Sample 
a r e a 

7 
( J i k a r -
gacha 

12 
(Shaka -
r i g a t i ) 

D i s t a n c e of 
hou s e h e o l d s 
from t u b e -
wel l 

( f t ) 

33 

100 

150 

182 

250 

300 

132 , 

145 ' 

6ff 

80 

40 

120 

130 

180 

200 

240 

255 

Water c o l l e c t i o n from 
tub ewel l 

Be fo re i r o n 
removal 
(gpcd) 

5,22 

3 .23 

1.17 

7.29 

2.48 

3.47 

3 .62 

3.4 3 

1.67 

1.15 

1.38 

0 . 7 5 

0.76 

0 . 4 2 

0.5U 

0 . 2 1 

0 . 6 1 

A f t e r i r o n 
removal 
(gpcd) 

6 .78 

4 .46 

2.42 

9 .43 

3 .33 

6 .24 

5.00 

5.10 

3 .87 

3 .43 

3.84 

4 . 4 5 

3.89 

2 .30 

1.61 

1.87 

1.55 

I n c r e a s e d w a t e r 
c o l l e c t i o n 

Per househo ld 
(gpcd) 

1.56 

1.26 

1.25 

2 .14 

0 .85 

2 . 7 7 

• - • • • ' 1 . 3 8 

1.67 

2 .20 

2.2B -

2.46 

3.70 

3 .13 

1.88 

1 .11 

1.66 

0 .94 

Average 
(gpcd) 

1 .61 

2 .15 

Average i n c r e a s e o f t u b e w e l l w a t ^ r c o l l e c t i o n = 1.90 gpcd ; 
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4.4.4 Platform Dimensions (Bathing and Washing Facility 
at the Source) 

For drinking, cooking and generally for sanitary purposes, 

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

But for bathing 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 indicated in the Table 4.6. 

Rural people do not get the opportunity to utilise this 

large volume of water at present on a small tubewell platform 

(Plate-8), which has inside dimensions of 2,-9,,x2'-9n only. If 

some one wishes to bathe or wash clothes on the present type 

of platform, water splashed makes the tubewell site muddy, for 

which reason most of....the tubewell caretakers forbid .bathing — 

on the platform to ke<?p the tubewell site clean and dry. In 

addition, at the peak demand period when several people attend 

a tubewell within a short interval of time, people do not get 

the.opportunity to spend time for bathing and washing on the 

tubewell platform, because only one. person can use the tube-

well at a time and bathing carries a lower priority than 

drinking. This situation forces the users to use unprotected 

sources for bathing and washing. Further, a sufficient quantity 

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

as drinking water is being collected. 

In one sample area where there is no tubewell platform 

(Plate-9), water use at tubewell site was observed to be only 
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P l a t e - 8 Washing and b a t h i n g i s d i f f i c u l t on p r e s e n t 
smal l p l a t f o r m . 

P l a t e - 9 Washing and b a t h i n g i s ve ry d i f f i c u l t a t 
t u b e w e l l s i t e whe.ce t h e r e i s no p l a t f o r m . 
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10 p e r c e n t o f t he t o t a l c o l l e c t i o n , by the househo lds around 

t h e t u b e w e l l . 

To a l l o w peop le to have mor^ spaca f o r washing and 

b a t h i n g , an e x t e n s i o n o f t h e p r e s e n t p l a t f o r m has been e f f e c t e d 

i n two sample a reas ( P l a t e - 1 0 ) , as p e r t he d raw i ng p r e s e n t e d 

i n F i g . 4 . 1 5 . »»ater c o l l e c t i o n o f some househo lds around the 

t u b e w e l l s were observed f o r s e v e r a l days b o t h i n summer and i n 

w i n t e r b e f o r e and a f t e r c o n s t r u c t i n g t h e e x t e n t e d p l a t f o r m . 

D i s t a n c e - t u b e w e l l w a t e r c o l l e c t i o n cu rves f o r b o t h c o n d i t i o n s 

have been p l o t t e d i n F i g . 4 . 1 6 . 

Post c o n s t r u c t i o n c o n d i t i o n shows an average i n c r e a s e o f 

1 ,51 g a l l o n pe r c a p i t a pax day o f t u b e w e l l w a t e r c o l l e c t i o n 

w i t h i n 500 f e e t r a d i u s from the t u b e w e l l , as i n d i c a t e d by th<? 

T a b l e 4 . 2 1 . 

Th<E! r a t e o f w a t e r c o l l e c t i o n i n c r e a s e w i t h d i s t a n c e has 

a l s o been p r e s e n t e d i n F i g . 4 . 1 6 , wh ich i n d i c a t e s t h a t the 

r a t e o f i n c r e a s e i s h i g h e r f o r househo lds l i v i n g c l o s e r to 

t h e t u b e w e l l . T h i s a d d i t i o n a l w a t e r was sometimes u t i l i s e d 

f o r b a t h i n g and sometimes f o r w a s h i n g c l o t h e s . I t was observed 

t h a t on o c c a s i o n s peop le washed c l o t h e s a t t h e pond o r r i v e r 

f i r s t , and then f i n a l wash ing was done w i t h t u b e w e l l w a t e r . 

The c o s t f o r t h e e x t e n s i o n o f t h e p r e s e n t p l a t f o r m i s 

a p p r o x i m a t e l y Taka 1 7 5 / - . T h e r e f o r e , by spend ing about 5>o more 

i n a t u b e w e l l p r o j e c t , an i n c r e a s e d t u b e w e l l w a t e r uss o f 12 

p e r c e n t o f t h e d a i l y wa te r consumpt ion may be a c h i e v e d i n 

many p l a c e s . 
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P l a t e - 1 0 An e x t e n s i o n o f t h e p r e s e n t t u b e w e l l p l a t f o r m ; 
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TABLE-4.21 

V a r i a t i o n in w a t e r c o l l e c t i o n from t u b e w e l l b e f o r e 
and a f t e r c o n s t r u c t i n g b i g g e r p l a t f o r m 

Sample 
area 

Distance of 
hou seholes 
from tube-
well ( ft) 

Water collection from 
tubewell 

B e f o r e 
constructing 
bigger plot-
form (gpcd) 

After 
constructing 
bigger plat
form (gpcd) 

Increased water 
collection 

Per house
hold (gpcd) 

Average 
( gpcd) 

( S i t e - L 
Noepara) 

60 

100 

100 

120 

260 

300 

500 

9 . 4 3 

1 2 . 0 0 

1 0 . 5 0 

2 . 9 2 

5 . 3 3 

2 . 2 0 

2 . 7 0 

1 2 . 0 0 

1 4 . 0 0 

1 2 . 0 0 

4 . 5 0 

6 . 5 3 

3 . 0 0 

3 . 0 0 

2.67 

2,00 

1.50 

1.58 

1.20 

0.80 

0.30 

1.42 

(Site-2, 
Biranpur 

30 

40 

150 

180 

375 

400 

505 

1 1 . 7 2 

1 0 . 7 9 

1 0 . 2 5 

3 . 1 0 

4 . 6 0 

6 . 0 0 

3 . 7 5 

1 3 . 5 0 

1 2 . 8 6 

1 2 . 0 0 

5 . 5 0 

6 . 7 0 

7 . 0 0 

3 . 8 6 

1.78 

2.07 

1.75 

2.40 

2.10 

1.00 

0.11 

1.60 

J. 
Average'per capita increase of water collection(Q) = 1.51 gpcd 
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An i m p o r t a n t phenomenon i s t h a t on t h i s new b i g g e r p l a t 

f o r m , one person can o p e r a t e t h e t u b e w e l l f o r c o l l e c t i n g w a t e r 

by c o n t a i n e r and ano the r can t a k e h i s ba th o r wash someth ing 

a t t h e same t i m e w i t h p r e v i o u s l y c o l l e c t e d w a t e r ; i . e two 

peop le can u t i l i s e t h ^ t u b e w e l l p l a t f o r m a t th?- samp t i m e 

( "Pra te- r i " "and ' 12 ) , ' wh i ch : i s " no t p o s s i b l e w i t h t h e t r a d i t i o n a l 

p l a t f o r m . 

To a l l o w peop le more t ime f o r b a t h i n g and w a s h i n g , t h e 

number o f u s e r s per t u b e w e l l must be k e p t l i m i t e d , i n a d d i t i o n 

t o t h e c o n s t r u c t i o n o f a b i g g e r p l a t f o r m . As p r e s e n t e d i n 

A p p e n d i x - C - 3 , 20-25 u s e r s c o u l d be served by one t u b e w e l l , i f 

b a t h i n g and wash ing a r e done on t h e t u b e w e l l p l a t f o r m o f t h e 

p r e s e n t t y p e . I f t he m o d i f i e d t y p e i s used , some 55-60 p e o p l e 

c o u l d be se rved a d e q u a t e l y . 

4 . 4 . 5 L o c a t i o n and S u r r o u n d i n g t n V i r o n m e n t o f t h e Source 

Worn en are t h e main w a t ^ r c o l l e c t o r s i n r u r a l B a n g l a d e s h . 

They f e t c h wa te r f o r t he house f rom t h e source by c o n t a i n e r s 

m a i n l y f o r c o o k i n g , d r i n k i n g and s a n i t a r y p u r p o s e s . They do 

most o f t h e work o f washing c l o t h e s and u t e n s i l s . C l a s s i f i c a t i o n 

o f t h e w a t e r c o l l e c t o r s o f f i v e sample a reas have been p r e s e n t e d 

i n Tab le 4 . 2 2 . 
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P l a t e - 1 1 Two p e r s o n s u t i l i z i n g t h e t u b e w e l l s i t e a t a t i m e . 

\* 

P l a t e - 1 2 B a t h i n g on t h e e x t e n d e d t u b e w e l l p l a t f o r m . 
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TABLE 4.22 

Classification of water collectors in five sample areas 
in percent of water collection .journeys made " 

Male 

Adult 

11 

Minor 

4 

F. em al e 

Adult 

64 

Minor 

21 

Note: Minors are 15 years and under. 

The table indicates that in 85 percent of cases water 

collectors are female. They do not like to expose themselves 

to strangers on their way to the source. Particularly women of 

respectable families of the rural areas do not like to come 

out of their house in open or public places for collection of 

water. Field observations indicate that water collection from 

tubewells located in open of public places is much lower than 

from the tubewells located in unexposed covered places or from 

private tubewells. On an average to provide one tubewell for 

160 people, presently public wells ar-: generally installed by 

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

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

of drinking water only in the early morning and another in the 

late evening hours from such a we:ll situated at a public place 

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

collection from such tubewells reduce significantly on weekly 

market days when more people move along the road (Plate-15). 
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P l a t e - 1 3 Very exposed t u b s w e l l s i t e , 

P l a t e - 1 4 Tubewe l l s i t e by t h e s i d e o f a main r o a d . 
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For l ack o f p r i v a c y a t an exposed t u b e w e l l s i t e , r u r a l c o n s e r 

v a t i v e women do no t l i k e to spsnd t i m e f o r wash ing c l o t h e s and 

u t e n s i l . B a t h i n g i s a c t u a l l y i m p o s s i b l e f o r women a t exposed 

t u b e w e l l s i t e s . . 

The env i ronmen t s u r r o u n d i n g t h e sou rce , i . e whe ther t h e 

t u b e w e l l s i t e i s muddy or d r y , has an i n f l u e n c e on w a t e r 

c o l l e c t i o n f rom i t . 

I n o r d e r to d e t e r m i n e the e f f e c t o f p r i v a c y o f t h e source 

on wa te r c o l l e c t i o n from t u b e w e l l s , ari a r rangement was made to 

c r e a t e p a r t i a l p r i v a c y at t h r e p exposed t u b e w e l l s by c o n s t r u c t i n g 

t a r j a f e n c i n g ( P l a t e - 1 6 ) . Water c o l l e c t i o n o f some househo lds 

around t h e t u b e w e l l s were r e c o r d e d f o r f o u r days b e f o r e and 

a f t e r c o n s t r u c t i n g t h e f e n c i n g . F i g u r e 4 .17 r e p r e s e n t s t he 

e f f e c t o f p r i v a c y o f t h e source on wa te r c o l l e c t i o n from i t . 

w a t e r c o l l e c t i o n da ta have b e f n p r e s e n t e d i n Tab le 4 . 2 3 . Pos t 

c o n s t r u c t i o n c o n d i t i o n o f t h e f e n c i n g shows an average i n c r e a s e 

o f about Q . T S g a l l o n p e r c a p i t a pe r day w a t e r c o l l e c t i o n , w i t h i n 

500 f e e t r a d i u s o f t h p t u b e w e l l s . T h i s excess amount o f w a t e r 

was u t i l i s e d m o s t l y f o r washing u t e n s i l s and sometimes f o r 

wash ing c l o t h e s ( P l a t e - 1 7 ) . 

The a c t u a l p r i v a c y o f th:? source can o n l y be m a i n t a i n e d 

where t h e t u b e w e l l i s l o c a t e d i n an unexposed o r screened 

p l a c e . Water c o l l e c t i o n from such a t u b e w e l l w i l l n a t u r a l l y 

be more ( P l a t e - 1 8 ) . To m a i n t a i n p r i v a c y , one t u b e w e l l s h o u l d 

be i n s t a l l e d f o r each househo ld o r i n a s u i t a b l e c e n t r a l p l a c e 

between two t o t h r e e househo lds , where t h e househo lds o c c u r 
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P l a t e - 1 5 R u r a l women h e s i t a t e t o go t o exposed t u b e w e l l 
s i t e when many peop le move a long the r o a d . 

P l a t e - 1 6 Arrangement f o r p a r t i a l p r i v a c y a t t u b e w e l l 
s i t e by c o n s t r u c t i n g t a r z a f e n c i n g . 
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TABLE-4.23 

V a r i a t i o n i n w a t e r c o l l e c t i o n from t u b e w e l l b e f o r e and 
a f t e r c r e a t i n g p a r t i a l p r i v a c y a t source s i t e 

Sample 
a r e a 

13 

9 

10 
• 

D i s t a n c e 
of h o u s e 
h o l d s from 
t u b e w e l l 

( f t ) 

45 
85 
77 

100 
160 
260 
270 
350 
355 
380 
420 

50 
100 
100 
100 
150 
isa: 
200 
200 
250 

42 
130 
130 
180 
250 
270 
425 
505 
506 

Water c o l l e c t i o n from 
t u b e w e l l 

Be fo re 
c o n s t r u c 
t i n g 
f enc ing 
(gpcd) 

5 .75 
6 .50 
5.30 
3.50 
5.00 
3.50 
4 .00 
0 , 7 5 
2 59 
iioo 
2 .00 

3 .00 
2 .10 
2.06 
4 .40 
2 .80 
2 .54 
1.60 
1.90 
.1.80 

3 .28 
1.28 
3 .40 
1 .31 
0 .47 
0 . 5 1 
1.94 
2 . 4 3 
5 .90 

A f t e r 
c o n s t r u c t i n g 
f e n c i n g ( g p c d ) 

5 .75 
8 .50 ' 
5 .50 
4 . 5 0 
6 . 0 0 
4 , 2 5 
5 .00 
2 . 0 0 
3 00 
1 .00 

. 2 . 50 

3 .30 
3 .00 
2 ,20 
5 .10 
4 . 1 0 
2 . 9 0 
2 .40 
2 .06 
2 ,06 

4 . 4 4 
3.49 
4 . 5 2 
1.59 
1 .68 
0 . 6 1 
2 . 8 0 
2 .96 
6 .65 

I n c r e a s e d w a t e r c o l l e c t i o n 

Pe r h o u s e 
hold (gpcd) 

0 
2 .00 
0 .20 
1.00 
1.00 
0 .75 
1.00 
1.25 
0 .50 
0.00 
0 .50 

0 .80 
0 .90 
0 .14 
0 .70 
1.30 
0 .36 
0 . 8 0 
0 .16 
0 .26 

1.16 
2 . 2 1 
1.12 
0 . 2 8 
1.21 
0 .10 
0 .86 
0 . 5 3 
0 . 7 5 

•Average ; 
(gpcd) • 

0 . 7 4 5 

0.6.02 

1 

• 

0 . 9 1 3 

Average per c a p i t a i n c r e a s e o f w a t e r c o l l e c t i o n ( V ) = 0 . 7 5 3 gpcd 



P l a t e - 1 7 Woman washing u t r a n s i l s a t . . f enced 
t u b e w e l l s i t e . 

P l a t e - 1 8 Woman b a t h i n g a t p r o t e c t e d t u b e w e l l s i t e . 
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i n a c i j s v - j r . Based on '•.ore? t~< f n u r h o u s e h o l d s , a t 6-7 p e r 

h o u s e h o l d , and t u b e w e l l s i t e b e i n n fenced , t^gn 20-25 p e o p l e 

a t t h e most could be s a t i s f i e d by one t u b e w e l l . 

4 . 4 . 6 D i s t a n c e c f t h e Source From Hn.usehulds 

F i g u r e 4 . 1 4 , 4 .16 am 4 . 1 7 c l e r . ^ l y i n d i c a t e t h a t p e r 

c a p i t a c o l l e c t i o n from a t u b e w e l l d e c r e a s e s g r a d u a l l y w i th 

i n c r e a s i n g d i s t a n o : of t h e h o u s e h o l d s from t u b e w e l l and u s e r s 

a r e i r . c l i n e d t o u s e nearJby u n p r o t e c t e d s o j r c e s t o meet t h e i r 

d a i l y d o m e s t i c w a t e r nee i s . <he mosc i m p c i c a n t f a c t o r which 

c o n t r o l s t h e amount o.' wa te r c o l l a t i o n from a t u b e w e l l i s t h e 

p r e s e n c e of o t h e r compet ing t r a d i t i o n a l u n p r o t e c t e d s o u r c e s 

l i k e p o n d s , - r i v e r s o r "ing w l l s e t c . n e a r thre h o u s e h o l d s . I t 

ha s a l r e a d y be -n i r ^n t ioned -chat most r u r a l p e o p l e u s e t u b e w e l l 

w a t e r a t l e a s t f o r d r i n k i n g . But usage f o r o t h e r p u r p o s e s i s 

a f f e c t e d by many o t h e r f a c t o r s l i k e waver q u a l i t y ( Q) , p r i v a c y 

of t h e s o u r c ; (V) , washing -»n:> ba-ching f a c i l i t y a t t h e s o u r c e 

(P) e t c . r i g u r e 4 . 1 9 , i n d i m t e s +'iet tlvi more a c u t e t h e v a r i o u s 

p rob lems a r e , t h e mure u n p r o t e c t e d w a t e r s o u r c e s w i l l be u s e d . 

The a b s e n c e of an a l t r n e t i v s s u u u e i n t h e v i c i n i t y , however , 

compels t h e u r , : r s to u s e tub iWc'll w a t e r . Water c o l l e c t i o n from 

a l t e r n a t i v e s o u r c e s not o n l y depends on v a r i o u s p rob lems i n 

t h e t u b e w e l l w a t e r supply b u t a l s > on i t ; , a v a i l a b i l i t y i . e t h e 

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

F i g . 4 . 1 8 , i n d i c a t e s t . ia t t h e c l o s e r the J o p r o t t c t e d . s o u r c e 

i s frorr household^ t h e l o w e r i s t h e amount uf water , c o l l e c t e d 

from t h e t u b e w e l l . 
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Ft's. 4.18 EdeeH off ffce^BJGtacice of Unprotected Water Sources Frocn Households on 
WGtfar Collection From Tube well 
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The ratio -between "distance from house- to unprotected 

source" and ''distance from house to tubew&Jl'1. also plays an 

important role in the selection of source, when the ratio is 

less than one i.e the unprotected source is clGser to the 

household than is the tubewell, then water collection from 

the tubewell is less th;-3n the collection from other sources 

as indicated by the curvRs 2, 11, 24 and 25 jf Fig. 4.19(a) , 

4.19 (b). Figure 4.16 indicates that when th--- distance of both 

types of sources from households are the same, only 35-40$ of 

the daily domestic requirement of witer is being collected 

from the tubewell. W3tsr consumption from both tubewell and 

pond of some households for thr?.-e consecutive days have been 

recorded and presented in Table 4.24 and Tablti 4,25. Average 

distance of both, types of sources frcm the households are nearly 

the same. Table 4.24 indicates that 34/i of the total daily per 

capita consumption was made from tubewell and the rest from the 

pond. 

Quantity and physical quality of water, in addition to 

distance from an unprotected source determine the amount of 

water collection from it. It has been observed in most of the 

.cases examined that among the unprotected sources, ponds and-, 

rivers are preferable to the rinqwell for users, since a large \. 

volume of water is readily available from the former.' Curves 

7,14,18 of Figure 4 .19(b),4.19(c) indicate that although ring-

wells are closer to the households than tubewells, water collec

tion from tubewells has been found greater since the ponds are 

not closer than tubewells. 
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Water c o l l e c t i o n f rom bo th t y p e s o f sou rces by t h e househo lds 
o f K a s d i a , Khu lna 

D i s t a n c e o f 
t u b e w e l l 
•from ho u s s -
h o l d s ( f t ) 

50 

90 

240 

375 

380 

270 

280 

420 

430 

4 30 . 

MEAN = 2 9 6 ' 

I n p e r c e n t 
o f t o t a l 
c o l l e c t i o n 

P e r c a p i t a 
p e r day 
c o l l e c t i o n 
from t u b e -
w e l l ( g p c d ) 

5 . 4 0 

4 . 8 0 

5 . 0 0 

3 . 0 5 

6 . 0 0 

. 2 . 3 5 

1 .30 

• 1 .69 

1 . 6 5 

2 . 9 9 

3 . 4 2 

34% 

D i s t a n c e o f 
n e a r e s t 
u n p r o t e c t e d 
s o u r c e ( p o n d ) 
from h o u s e h o l d s 

( f t ) 

360 

360 

500 

325 

3 30 

. 75 

65 

400 

410 

410 

3 2 4 ' 
• • — • " — i 

P e r c a p i t a 
p e r day 
c o l l e c t i o n 
from pond 

( g p c d ) 

4 . 8 6 

4 . 5 8 

4 . 5 0 

4 . 9 3 

4 . 70 

8 . 9 3 

9 . 7 9 

8 . 2 0 

8 . 1 1 

. 8 . 0 8 

6 . 6 7 
> - • — ' — ' 

66% • 

T o t a l 
c o l l e c t i o n 
( g p c d ) 

1 0 . 2 5 

9 . 3 8 

9 . 5 0 

7 . 9 8 

10 .7D 

1 1 . 2 8 

1 1 . 0 9 

9 . 8 9 

9 . 7 6 

1 1 . 0 7 

1 0 . 0 9 

TABLE 4 .25 

Water consumpt ion ( i n pe rcen t o f t o t a l r e q u i r e m e n t ) f o r v a r i o u s 
purposes and t h e source and p l a c e o f use by t h e househo lds o f Kasd ia 

• ' * • • ' • — " " • 1 

Source 
used 

•» •• ' I " - 1 

Tub e W e l l 
34% ...... 

Pond 
66% 

^ " • » •• - - - • . • — • — ! - — • • • . . ^ - — • — . - — • — , . „ . • , . i v n 

• 

At source s i t e 

r r • — • — • ' ~ 

4% = in/ashing hands and f a c e 
• • • ' ' 

2% = Washinq u t e n s i l s 
CJ / 3 

305a = B a t h i n g . 

20% = Washing c l o t h e s 

3% = Washinq u t e n s i l s -
53% 

•— 

3 / 0 

10% 

13% 
28% 

10% 

3% 

TH 

= 
= 

= 

= 

= 

At home 

Dr i nk i n g 
Washing u t e n s i l s 

S a n i t a r y and o t h e r s 

Cook ing 

5 a n i t a r y and o t h e r s 
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Curves 13,26 of Figure 4.19(c) indicate that although 

-there are several problems in tubewell water supply in the areas 

studied and the unprotected sources are very close to the house-, 

holds, yet tubewell water consumption has been found comparatively 

greater than in other areas, as the water quality of the unpro

tected sources are not as acceptable to the consumers, • -* 

Curves 3 and 4 of Figure 4.19(a) indicate that where" '^.. 

. "there are fewer problems concerning water quality, privacy and^,' "• 

.platform dimensions of the tubewell water supply, where average 

distances of the unprotected sources are more than three hundred 

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

unprotected source, water consumption from the tubewell is at a-

maximum. . i .,--

It has already been observed that, where quality lQ)"pf 

tubewell water is associated with acute problems, then by 

improving the water quality, on an average," tubewell water 

consumption may be increased by upto 1.90 gpcd. Where privacy 

(V) of the source is an acute problem, by 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 platform, then an average.. 1..5 gpcd increase of .water 

consumption from the tubewell may be achieved. Where the problems 

are not so acute, increased water consumption for better wat/er 

quality ( q) better privacy (v) may be consider less than the 

above mentioned values. 
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Now, t o p r o v i d e f o r t he c o l l e c t i o n o f a 10 gpcd w a t e r 

r e q u i r e m e n t f rom a t u b e w e l l , t h e above men t ioned p rob lems i n 

t u b e w e l l wa te r supp ly must be e l i m i n a t e d ; moreover t h e r e must 

be a t u b e w e l l w i t h i n 120 t o 170 ' , f rom each househo ld where t h e 

average d i s t a n c e o f u n p r o t e c t e d s o u r c e s f rom t h e househo ld l i e s 

between 300 and 5 0 0 ' , w i t h i n 115' where average d i s t a n c e to 

u n p r o t e c t e d source from t h e househo ld l i e s between 100 ' andi 3 0 0 ' , 

and. w i t h i n 60 ' f o r m l e s s than 100 ' average d i s t a n c e t o t h e 

u n p r o t e c t e d source- f rom the. househo ld as r e p r e s e n t e d i n . T a b l e 4 . 2 6 , 

As per F i g u r e 4 ,2 i n t h e f i r s t case 20 to 40 people^ i n th;e 

second c l a s s on an average l e s s than 20 and i n t,he l a s t caise 

l e s s t h a n ' 1 0 peop le w i l l be b e n e f i e d by one w e l l . . T a b l e 4 .26 

a l s o i n d i c a t e s t ha t . .whe re t h e r e a re . m a n y . u n p r o t e c t e d s o u r c e s , 

more t u b e w e l l s shou ld be i n s t a l l e d and the t u b e - w e l l s must be 

c l o s e r to the househo lds t h a n . o t h e r s o u r c e s , 

a g r e a t e r use made o f t u b e w e l l s . 

for there to ,b 

From Table 4.8, the average distance of ponds from house

holds is about 300'..and average distance of rivers from house

holds is over 550' in the study area. In the rural areas generally 

pond water use is very common. 'Therefore,.- according to Table 4.26 

and Figure 4.2, to ensure more utilization of tubewell water, 

a tubewell should be in the range 120'-170' from each household 

in most places and on an average one tubewell is required for 

20-40 persons, for optimum use. 



TABLE 4.26 

To provide 10 gpcd tubewell water supply, maximum distance of tubewell from households 
under various.f ield conditions 

- (Average distance of unprotected sources 300-5001) 

Average 
distance to 
unprotected 
water 
sources 

•( S, s ) 

500 
350 

315, 380 
300 
300 

Ratio of 
average 
distance of 
unprotected 
source to 
tubewell 

.u 

1:2.38 
1:1.55 

1:1*61, 1:1.95 
1:1.46 
1:1.1 

i i * • » » » < ^ * i 

Expected Increased water collection 
tubewell for followingImprovement (gpcd) 

Water Quality 

(1.90 gpcd) 

1.90 

(1.00 gpcd) 

Rat form 
dimension 

(1.50 gpcd) 

1.50 

1.50 

1.50 

Privacy of source site 

V 

(0.75 gpcd) 

0.75 

0.75 
0.75 
0.75 

(0.40 gpcd) 

Total 
gpcd) 

4.15 
0 

2.25 
0.75 
2.25 

Present 
minimum 
collection 
from tubewell 
to meet 
10 gpcd 
requirement 

5.85 
10.00 

. 7.75 
'•9.25 

7.75 

Corresponding 
distance of 
househol ds 
from tubewell 

(ft) 

1/ 
170 • 
142' 
125" 
120' 

Max! mum 
distance of 
tubewell for 
10 gpcd 
collection 
from tubewell 

(ft) . _ . 

120 ' -170 • 

(Avg. distance = 100'-300') 

5 
7 
2 

26 
14 
13 
18 

1 • 

275 

279, 143 
150 

1:1.37 
1:1.81, 1:0.93 

1:0.75 

62 
120, 40 

90 
482, 78 

1:0.25 
1:1.1, 1:0.36 

1:10.34 
1:2.15, 1:0.40 

1.90 
1.00 1.50 

1.50 
1.50 

0.75 
0.75 

(Avg. distance / l 0 0 ' ) 

1.90 1.50 
1.50 
1.50 
1.50 

0..75 

a. 75 

•* 

i 

0.4 

0.4 

2.50 
4.15 
2.25 

4.15 
1.90 
2.25 
1.90 

7.50 
5.85 
7.75 

-

5.85 
8.10 
7.75 
8.10 

115' 
.30" 

60' 
60' 
35' 

<Jl15« 

<60' 

1 / From Figure 4.19 



109 

4.4.7 Stepwise Regression analysis of factors affecting 
per capita water consumption. 

The physical factors affecting per capita water consump

tion, are. now incorporated into stepwise linear regression 

model for;rural water consumption. The model represents average 

conditions of fourteen sample areas. Using average per capita 

water consumption as dependent ,variable,one might postulate that 

Q1 variesj with Distance ratio of protected source to. unprotected,j 

X., Water Quality; X_, Platform Quality; X-., Location of source 

site.; X., and number of users per pump; X^. 

The model may be expressed symbolically as follows: 

Q = f(X1, X2, V 
I n l i n e a r form above e q u a t i o n can be -expressed as 

Q = a + b x, + CX~ 4- ,dx_ + ex. + fx_. 

where Q, i s t h e dependent v a r i a b l e . X , X_, X^ a r e 

i ndependen t v a r i a b l e a i s t he i n t e r c e p t , b , c , d , e and f a re 

t h e r e g r e s s i o n c o e f f i c i e n t s . 

Model i s s u b j e c t e d t o s t e p w i s e m u l t i p l e l i n e a r r e g r e s s i o n 

a n a l y s i s u s i n g t h e PS5 package program on t h e IBM 370-115 

system a t BUET Computer C e n t r e . The i n p u t da ta f o r model i s 

p r e s e n t e d i n Tab le 4 . 2 7 . 

The r e s u l t a n t e q u a t i o n o f model a f t e r f i v e s teps i s 

Q = - 6 .32705+1.975B4X, + .G2394Xn+.D9741X_ 
1 <- J 

( 3 .2 t i9 ) ( 3 . 3 9 3 ) ( 2 . 7 1 5 ) 
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-

Variable No. 
"̂"̂ •̂̂ ^̂  Parameters 

^~*"-*-^^^ -

Sample area "~~-̂-_ 

3 
4 
16 
14 
1 
5 
13 
25 
18 
2 
26 
7 
24 
11 

Calculated Mean(x) 

Standard / / \ 
deviation v O / 

1 

Q 

8.25 
7.40 
7.40 
5.80. • 
5.50 
5-40 
4.40 • 
3-70 
3.50 

. 3.00 
2.70 
2.60 
2.50 
1.70 

|*. 56071 

2.09249 

TABLE- 4.27 

Input Data for the 

. 2 _ .. . .3, 
1 

XI X2 

I 

1.55 
1.46 
1.75 
1.10 
2.38 
1.3& • 
1.00 
1.10 
0.40 
0.75 
0.50 
0.93 \ 
0.96 i 
1.10 

1.16857 

0.51415 

ICO 
100 
100 
100 
025 
050 
100 
100 
100 
100 
010 
025 
050 
010 

69.28571 

38.47360 

Model 

4 

X3 

75 
70 
50 
50 
50 
50 
50 
50 
35 
50 
50 
50 ' 
50 
50 

| 52.14285 

i 
i 9.55033 

... •• 5 

X4 

50 
25 
25 
30 
12 
75 
05 
35 
75 
10 
20 

* ^ 
o 25 
25 

31.21428 

21.53412 
i 

.6 

. X5 

085 
.080 
084 
100 
150 
085 
090 
070 
160 
080 
105 
070 
080 
070 

1 
| 93-50000 

1 • 
| 28.06514 

Q = Per Capita Water Consumption in gpod. 

XI = Distance ratio of protected source (T/WL) to unprotected source. 

X2 = Water Quality, expressed as 'i* acceptable to consumers. 

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

X4= Privacy/Location of source (T/'JL), expressed as % acceptable to 
consumers. 

X5 = Number of users per Tubewell. 
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(The coefficients in parenthesis are the T-values) 

2 
Multiple correlation coefficient = .906, R = .820 

^ . . . 
F - v a l u e = 11 .340 

Only t h r e e of f i v e i n d e p e n d e n t v a r i a b l e were e n t e r e d s i g n i f i c a n t 

i n t h e model . They a r e D i s t a n c e r a t i o of p r o t e c t e d s o u r c e to 

u n p r o t e c t e d ; X., Water Q u a l i t y } X_ and P l a t fo rm Q u a l i t y . X„. 

D i s t a n c e r a t i o ; X , has a s i m p l e c o r r e l a t i o n c o e f f i c i e n t 

o f 0 . 6 4 4 1 , w a t e r q u a l i t y ; X-p, has a s imple c o r r e l a t i o n c o e f f i 

c i e n t o f 0.5376 and p l a t f o r m q u a l i t y ; X , has ' a s imp le c o r r e 

l a t i o n c o e f f i c i e n t o f 0 .6348 wi th p e r c a p i t a w a t e r consumpt ion 

as p r e s e n t e d in Tab le 4 . 2 8 . 

The r e s u l t s of- t h e model a r e summarized i n Table 4 . 3 0 . 

4 . 5 D i s c u s s i o n ; 

U n l i k e for u rban w a t e r s u p p l y s y s t e m s , t h e d e t e r m i n a t i o n 

of w a t e r r e q u i r e m e n t , s e l e c t i o n o f a s o u r c e and d e t e r m i n a t i o n 

of a c o l l e c t i o n and d i s t r i b u t i o n system a r e not t h e o n l y major 

s t e p s i n t h e d e s i g n of a r u r a l w a t e r supp ly sys t em, s i n c e 

s imple t e c h n o l o g y i s a p p l i e d , marked d i f f e r e n c e be tween p e r 

c a p i t a w a t e r r e q u i r e m e n t fo r h e a l t h and p e r c a p i t a w a t e r 

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

a r e a s . An u n d e r s t a n d i n g of w a t e r consumpt ion p a t t e r n s and 

v a r i o u s r e l a t e d f a c t o r s i n f l u e n c i n g i t , p r o v i d e a sound b a s i s 

i n e s t a b l i s h i n g some fundamenta l d e s i g n c r i t e r i a fo r t h e f u t u r e 

w a t e r supp ly programme in t h i s c o u n t r y . 



V a r i a 
No . 

1 

2 

3 

4 

5 

6 

b i s 

! 
1 

1 

• 

\ 

1 

1 . 0 0 0 0 

0 . 6 4 4 1 

0 . 5 3 7 6 

0 . 6 3 4 8 

0 . 1 7 4 9 

0 . 0 6 3 4 

1 

i 
i 

1, 

2 

0 . 6 4 4 1 

1 . 0 0 0 0 

- 0 . 0 2 6 3 

0 . 4 2 1 3 

- 0 . 1 5 3 6 

0 . 0 6 7 1 

TABLE-4.28 
C O R R L L A T I O N MATRIX 

.- 3 

0 . 5 3 76 

- 0 . 0 2 6 3 

1 . 0 0 0 0 

0 . 1 9 2 9 

0 . 1 4 8 3 

- 0 . 0 2 1 0 

4 

0 . 6 348 

0 . 4 2 1 3 

0 . 1 9 29 

• i . oooo 
- 0 . 1 1 6 5 

- 0 . 4 2 4 7 
• ' • • » • • • . i n « n 

5 

0 . 1 7 4 9 

- 0 . 1 5 3 6 

0 . 1 4 8 3 

- 0 . 1 1 6 5 

1 . 0 0 0 0 

0 . 2 5 0 2 

6 

0 . 0 6 3 4 

0 . 0 6 71 

- 0 . 0 2 1 0 

- 0 . 4 24 7 

0 . 2 5 0 2 

1 . 0 0 0 0 

TABL.E-4,29 

R e g r e s s i o n C o e f f i c i e n t and Computed T - v a l u e 

V a r i a b l e 
n u m b e r 

2 

3 

4 

5 

6 

b 

c 

d 

e 

f 

R e g r e s s i o n 
c o e f f i c i e n t 

* 1 . 9 7 5 8 4 

:=. 0 . 0 2 3 9 4 

~ 0 . 0 9 741 

- 0 . 0 1 8 5 3 

- 0 . 0 1 3 5 1 
-

b t d . E r r o r of R e g . 
c o e f f i c i e n t 

0 . 6 0 0 7 7 

0 . 0 0 7 0 5 

0 . 0 3 5 8 7 

0 . 0 1 2 8 5 

0 . 0 1 1 1 8 

Compu ted T - v a l u e 

3 . 2 8 9 

3 . 3 9 3 

2 . 7 1 5 

1 . 4 4 2 

1 . 2 0 8 

I n t e r c e p t ( a ) = - 6 . 3 2 7 0 5 
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TABLE-4.30 

5 t e p w i s e Reg ress ion A n a l y s i s o f F a c t o r s A f f e c t i n g Per C a p i t a rtater Consumpt ion 

A v g . p e r c a p i t a 
wa te r consum-
t i o n 

Q 

For F o u r t e e n 
sample a reas 

I n t e r c e p t 

a 

- 6 . 3 2 7 0 5 

Regress ion c o e f f i c i e n t o f 
Independent v a r i a b l e s 

x i . 
1.97584 

( 3 . 2 8 9 ) 
— , 

X 2 
.02394 

* * * 
( 3 . 3 9 3 ) 

i > • • • 

X 3 
. 0 9 7 4 1 " 

( 2 . 7 1 5 ) 

V 
.01853 

* 
( 1 . 4 4 2 ) 

X 5 
. 01351 

* 
( 1 . 2 0 8 ) 

M u l t i p l e 

R 

0.906 

M u l t i p l e 

R2 

0.820 

F - va l u e 

11 .340 

be 

1.127 

No te : F - va lue i s t h e v a r i a n c e r a t i o 

5e i s t h e s t a n d a r d e r r o r o f e s t i m a t e o f t h e m u l t i p l e 
r e g r e s s i o n e q u a t i o n ( A d j u s t e d f o r D.F . ) 

The c o e f f i c i e n t s w i t h i n p a r e n t h e s e s a re t h e T - v a l u e s o f t h e r e g r e s s i o n 
c o e f f i c i e n t s 

* * # S i g n i f i c a n t a t 0 . 0 1 l e v e l 

# * S i g n i f i c a n t a t 0 .05 l e v e l 

•K Not s i g n i f i c a n t a t 0 .10 . l e v e l 

R i s M u l t i p l e c o r r e l a t i o n c o e f f i c i e n t ( A d j u s t e d f o r D .F . ) 

2 . . . 
R i s t h e c o e f f i c i e n t o f D e t e r m i n a t i o n . 
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TABLE 4.31 

Table of Residuals 

Case No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

Y Value 

8.25000 

7.40000 

7.40000 

5.800CC 

5.5000C 

5.40000 

4 .40000 

3.70000 

3.50000 

3.00000 

2.70000 

2 .60000 

2.50000 

1.70000 

Y E s t i m a t e 

8.509 29 

7.31365 

5 .99252-

5.01699 

6 .09263 

5 .00462 

4 .22110 

4 . 7 0 4 4 3 

3.81704 

3 .68471 

1.55943 

2 .38800 

3 .18075 

2.36404 

R e s i d u a l 

-0 .25929 

0 .08635 

1.40748 

0 .78301 

- 0 . 5 9 2 6 3 

0.39538 

0 .17890 

- 1 . 0 0 4 4 3 

- 0 . 3 1 7 0 4 

- 0 . 6 8 4 7 1 

1.14057 

0.21200 

-0 .6B075 

- 0 . 6 6 4 8 4 
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For d e s i g n p u r p o s e s f o r t h e p r e s e n t t i m e , an a v e r a g e of 

10 g a l l o n p e r c a p i t a p e r day d o m e s t i c w a t e r consumpt ion may 

be c o n s i d e r e d a c c e p t a b l e u n d e r r u r e l l i v i n g c o n d i t i o n of 

B a n g l a d e s h . Water consumpt ion of t h e r u r a l p e o p l e o f I n d i a , 

P a k i s t a n , T h a i l a n d ' a n d many o t h e r d e v e l o p i n g c o u n t r i e s have 

a l s o been found around 10 g a l l o n p e r c a p i t a p e r day . Moreover , 

t h i s consumpt ion f i g u r e l o w e r s t h e i n c i d e n c e s o f . d i a r r o h e a l 

a t t a c k a c c o r d i n g to t h e former Cho le ra Research L a b o r a t o r y , 

Dacca. 

Rura l p e o p l e c o l l e c t on ly 30-40 p e r c e n t o f t h e i r p r e s e n t 

d a i l y r e q u i r e m e n t of w a t e r from t u b e w e l l s and t h e r e m a i n i n g 

amount i s b e i n g c o l l e c t e d from u n p r o t e c t e d s o u r c e s l i k e ponds , 

r i v e r s e t c . ' w h i c h i s not d e s i r a b l e to a t t a i n t h e o b j e c t i v e s 

of t h e w a t e r supply programme. 

The main r e a s o n s fo r n o n - u s a g e o f t u b e w e l l w a t e r a r e t h e 

t r a d i t i o n a l h a b i t s of t h e r u r a l p e o p l e and t h e i r l ack o f 

awarenes s about t h e c a u s e s of w a t e r b o r n e d i s e a s e s . The o n l y 

s o l u t i o n to t h i s problem i s a m a s s i v e compaign on h e a l t h 

e d u c a t i o n . But m o t i v a t i o n about h e a l t h e d u c a t i o n a l o n e canno t 

change t h e s i t u a t i o n . O t h e r p h y s i c a l f a c i l i t i e s must b e p r o v i 

ded on t h e b a s i s of c u l t u r a l demand, which i s f e a s i b l e and 

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

The p r e s e n t t u b e w e l l p l a t f o r m d i m e n s i o n s a r e no t a d e q u a t e 

enough to a l low b a t h i n g and wash ing on i t . Moreover , a s u f f i 

c i e n t q u a n t i t y of w a t e r canno t be : y i e l d e d a t a t i m e for t h e 

p u r p o s e . C o n s t r u c t i o n of ex tended p l a t f o r m s has y i e l d e d 
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i n c r e a s e d consumpt ion as i n d i c a t e d by t h e T a b l e 4 . 2 1 . B e n e f i t 

c h i e v e d i n compar i son wi th a d d i t i o n a l c o s t i s s a t i s f a c t o r y . 

C o n s t r u c t i o n o f smal l b r i c k w a t e r r e s e r v o i r ( t u r n k e y ) o r 

s u p p l y of e a r t h e n po+s fo r t h e p u r p o s e of s t o r i n g w a t e r may 

p r o v i d e e x t r a b e n e f i t . As i n d i c a t e d by Tab le 4 . 2 3 and F i g . 4 . 1 7 » 

l o c a t i o n of t h e s o u r c e has d e f i n i t e l y some e f f e c t on w a t e r 

consumpt ion , s i n c e women a r e t h e main w a t e r c o l l e c t o r s . 

Arrangement f o r p a r t i a l p r i v a c y of t h p s o u r c e r e s u l t e d i n 

i n c r e a s e d t u b e w e l l w a t e r c o l l e c t i o n . I f t u b e w e l l s a r e i n s t a l l e d 

i n p r o t e c t e d and fane rid p l a c e s , t u b e w e l l w a t e r c o l l e c t i o n w i l l 

i n c r e a s e . T h i s s i t e s e l e c t i o n w i l l not i n v o l v e e x t r a c o s t . 

Some t u b e w e l l s a r e a l s o r e q u i r e d by t h e s i d e of r o a d s , in road 

j u n c t i o n o r i n p u b l i c p l a c e s fo r male c o l l e c t o r s . P h y s i c a l 

and chemica l q u a l i t y of w a t e r d e t e r m i n e t h e c h o i c e of s o u r c e . 

To e n s u r e more use of t u b e w e l l w a t e r , q u a l i t y must be w i t h i n 

t h e a c c e p t a b l e l i m i t of the; r u r a l c o n s u m e r s . The wor ld Hea l th 

O r g a n i z a t i o n ' s s t a n d a r d f o r d r i n k i n g w a t e r q u a l i t y can no t 

be fo l lowed s t r i c t l y in r u r a l w a t e r s u p p l y . Rura l p e o p l e 

a c c e p t t u b e w e l l w a t e r hav ing i r o n c o n t e n t u p t o 2-3 mg/1 and 

c h l o r i d e c o n t e n t upto 400 mg/1 w i t h o u t any o b j a c t i o n i n many 

p l a c e s . Where i r o n c o n t e n t e x c e e d s t h i s v a l u e , removal of 

i r o n t h r o u g h c o n s t r u c t i n g i r o n removal p l a n t s i s e s s e n t i a l 

to i n c r e a s e t u b e w e l l w a t e r consumpt ion , a s has been seen in 

two p l a c e s . The e x t r a c o s t i n v o l v e d ' fo r t h i s i s s m a l l , i n -

compar i son wi th t h e b s n e f i t . C o n s t r u c t i o n of deep t u b e w e l l s 

o r i n f i l t r a t i o n a a l l e r i e s i o " s e a r c h of w a t e r w i th l ower 
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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 indicated by Table 4.26 the presence of 

other convenient unprotected sources reduces the use of 

tubewell water siqnificantly, where the tubewe.ll 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 wat'̂ r, tubewells must be 

closer to the household than other unprotected sources, i.e. 

more tubewells are required where there are many unprotected 

sources. As indicated by Table 4.26, t_> allow the collection 

of 10 gped water requirement from tubewell various problems 

in the tubewell water must be eliminated; moreover, there 

must be .a tubewell within 120-170' from each household where 

the average distance of unprotected source from households 

lies between SOG'-SQO'. The number of people that could be 

served by one tubowell under this condition can be calculated 

from Fig. 4.2. When tubewells are located close, to the house

hold; more collection journeys art made and a smaller volume 

of water is collected p :r trip as represented by Fig,4.5 and 

4.9. Therefore, greater accessibility to the tubiswell 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, 
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i n d i c a t e s t h a t 20-40 p e r s o n s s hou ld b e s e r v e d by one t u b e w e l l . 

T h e r e f o r e , fo r some 90 m i l l i o n r u r a l p e o p l e by t h e end of 1985 

abou t 3x10 t o t a l t u b e w e l l s would, be r e q u i r e d fo r t h e whole 

c o u n t r y i . e an a d d i t i o n a l 2 . 5x10 t u b e w e l l s i n k i n g program 

should be comple ted by 19B5, which i s s imply i m p o s s i b l e f o r 

economic and v a r i o u s o t h e r r e a s o n s . t v e n i f t h e money were 

a v a i l a b l e ; i m p l e m e n t a t i o n of such l a r g e program n e e d s a 

m a s s i v e e x p a n s i o n of t h e r e s p o n s i b l e o r g a n i z a t i o n s . In 

a d d i t i o n , m a i n t e n a n c e of t h o s e t u b e w e l l s would be a major 

c o n s t r a i n t . 

But t h e t h e o r e t i c a l v a l u e r e f l e c t s t h e magn i tude o f t h e 

r u r a l w a t e r supp ly problem of t h e c o u n t r y , and i t i n d i c a t e s 

t h e n e c e s s i t y f o r e x t e r n a l he lp and p e o p l e ' s p a r t i c i p a t i o n 

to s h a r e t h e r e s p o n s i b i l i t y wi th t h e bovs rnmen t . 

S i n c e t h e d e n s i t y of p o p u l a t i o n in h a b i t a b l e r u r a l a r e a s 

v a r i e s from p l a c e to p l a c e , t h e a l l o c a t i o n of t u b e w e l l s on 

t h e b a s i s o f p o p u l a t i o n f i g u r e s in an a r e a w i l l r e s u l t i n an 

uneven! d i s t r i b u t i o n of t u b e w e l l s . Moreover , l i m i t i n g t h e 

d i s t a n c e be tween t u b e w e l l and h o u s e h o l d s canno t b« m a i n t a i n e d 

i n many p l a c e s . For a wide v a r i a t i o n of d e n s i t y o f p o p u l a t i o n , 

t h e y may be c l a s s i f i e d i n t o some g r o u p s . A f t e r t h e d i s t a n c e -

p o p u l a t i o n cu rve has been drawn on t h e b a s i s of a v e r a g e d e n s i t y 

o f p o p u l a t i o n and an a r ^ a c l a s s i f i e d i n t o one o r o t h e r g roup , 

t h e n t h e p o p u l a t i o n f i g u r e may be used in t h e d e t e r m i n a t i o n 

of number o f t u b e w e l l s r e q u i r e d i n an a r e a , a s h a s been 

c a l c u l a t e d i n Tab le 4 . 3 . 
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Where few p e o p l e USE a t u b e w e l l such a s s c a t t e r e d 

communi t i e s , t he fami ly pump t u b e w e l l i s a l e s s c o s t l y 

o p t i o n . Tab le 4 . 3 i n d i c a t e s t h a t one t u b e w e l l w i l l s e r v e 

l e s s p e o p l e i n s c a t t e r e d communi t i e s t h a n dc-nss c o m m u n i t i e s , 

i . e more t u b e w e l l s p e r c a p i t a a r e needed i n s c a t t e r e d 

communi t i e s where g e n e r a l l y c o m p a r a t i v e l y r i c h e r p e o p l e 

l i v e ; which i m p l i e s t h a t r i c h e r p e o p l e g e t b e t t e r s e r v i c e . 

R e s u l t s o b t a i n e d from t h e r e g r e s s i o n a n a l y s i s a r e n o t 

f u l l y c o n c l u s i v e , s i n c e i n p u t d a t a f o r t h e model a r e b a s e d 

on few sample a r e a s . 



CHAPTER - V 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5 . 1 Summary o f F i n d i n g s : 

- D e n s i t y o f p o p u l a t i o n i n h a b i t a b l e r u r a l a r e a s v a r i e s 

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

men t a r e a s . L o c a l t o p o g r a p h y a n d s o c i o - e c o n o m i c s t a t u s h a v e 

some i n f l u e n c e on s e t t l e m e n t p a t t e r n s . P o o r p e o p l e l i v e i n 

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

A v e r a g e p e r c a p i t a w a t e r c o n s u m p t i o n i n t h e r u r a l a r e a s 

i s f o u n d a b o u t 10 g a l l o n / d a y . H o u s e h o l d s i z e , s a n i t a r y f a c i l i 

t i e s , s o c i o - e c o n o m i c s t a t u s a r e t h e m o s t i m p o r t a n t f a c t o r s 

a f f e c t i n g w a t e r c o n s u m p t i o n i n t h e r u r a l a r ° 3 s . A b o u t 50 

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

b a t h i n g and w a s h i n g a t t h e s o u r c e . Cows u s e d i n c u l t i v a t i o n 

consume a b o u t 5 - 7 g a l l o n s o f w a t e r p a r d a y . 

A c c e s s i b i l i t y t o t h e s o u r c e , q u a n t i t y o f w a t e r a v a i l a b l e 

a t a t i m e , p h y s i c a l and c h e m i c a l r a t h s r t h a n b a c t e r i o l o g i c a l 

q u a l i t y o f w a t e r d e t e r m i n e t h e c h o i c e o f s o u r c e . P r e s e n t l y 

o n l y 3 0 - 4 0 p e r c e n t o f t h e d a i l y d o m e s t i c r e q u i r e m e n t o f w a t e r 

i s c o l l e c t e d f r o m t u b e w e l l s and thn. r e s t comes f r o m u n p r o t e c t e d 

s o u r c e s . Among u n p r o t e c t e d s o u r c e s p o n d w a t e r i s u s e d m o r e 

f r e q u e n t l y and i t s a v e r a g e d i s t a n c e f r o m h o u s e h o l d s i n many 

p l a c e s ' i s n e a r l y e q u a l t o t h a t o f t h e t u b e w e l l . rtater c o l l e c t i o n 

f r o m t u b e w e l l s d e c r e a s e s by 1 0 - 2 0 p e r c e n t i n t h e r a i n y s e a s o n 

when u n p r o t e c t e d s o u r c e s r e m a i n f u l l o f w a t e r . 
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- Yield from the "Bangladesh New Wo.6 Handpump" is more 

than the local type. 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 economic 

reason. Maintenance costs of traditional hand pump tubewells 

are optimum for users around 60 in numbr-r. 

- Main reasons for non-usage of tubewell water are tradi

tional habit of the rural people, lack of awarness about the 

causes of water borne diseases, its water quality, lack of 

privacy of source site, small platform dimension and distance 

to the source. 

People prefer water which testes good, looks clean and 

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

trations less than 2-3 mg/1, chloride concentrations less 

than 400 mg/1 in tubewell water have been found acceptable 

to rural consumers. Reduction of iron concentration from tube-

well water through an -\ron removal plant increased the tubewell 

water consumption by an average 1.90 gped in two places. Arrange

ment of partial privacy increased the tubewell water consumption 

by average 0.75 gped in three places. Construction of bigger 

platform increased the tubewell water consumption by average 

1.5.1gpcd 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 is associated with various 
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o t h e r p rob lems and where a l t e r n a t i v e s o u r c e s a r e c l o s e r t o t h e 

h o u s e h o l d s t h a n t u b e w e l l . Househo lds l i v i n g c l o s e to a t u b e w e l l 

make more c o l l e c t i o n j o u r n e y to a t u b e w e l l bu t c o l l e c t l e s s 

volume of w a t e r pe r t r i p t h a n o t h e r h o u s e h o l d s . 

The r e g r e s s i o n a n a l y s i s shows t h a t of t h e f a c t o r s a f f e c 

t i n g p e r c a p i t a w a t e r consumpt ion , d i s t a n c e r a t i o of p r o t e c t e d 

s o u r c e to u n p r o t e c t e d source from househo ld , w a t e r q u a l i t y and 

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

e x p l a i n i n g v a r i a t i o n s a s s o c i a t e d wi th p e r c a p i t a w a t e r consump

t i o n , 

- Water c o l l e c t i o n from t u b e w e l l v a r i e s w i t h t ime of t h e 

d a y . At t h e peak demand p e r i o d , 13-14 p e r c e n t of t o t a l d a i l y 

c o l l e c t i o n j u r n e y s a r e made i n one hour . 

- C o n s i d e r i n g v a r i o u s f a c t o r s a maximum of 20-40 p e r s o n s 

can be s e r v e d s a t i s f a c t o r i l y by one t u b e w e l l unde r i d e a l w a t e r 

consumpt ion c o n d i t i o n s . 

5 . 2 C o n c l u s i o n s ; 

The f o l l o w i n g c o n c l u s i o n s a r e drawn on t h e b a s i s of 

r e s u l t s o b t a i n e d from f i e l d i n v e s t i g a t i o n s : 

(a ) Small d i a m e t e r t u b e w e l l wi th No.2 pump i s s u i t a b l e 

under c e r t a i n c o n d i t i o n s i f t h e number of u s e r s p e r 

t u b e w e l l i s r e d u c e d . 



123 

b) To obtain the maximum utilization of hand pump 

tubewells, i.e. to increase ssfe water use; in 

addition to a health education and motivation 

programme, the following physical facilities should 

be provided -

1. Allowable upper limits of iron and chloride in 

tubewell water should be 3 rng/l and 400 mg/1 

respectively. Where iron concentration exceeds this 

value in an area, ground water exploration should 

be conducted in search of low iron content aquifers. 

If the above attempt fails, small iron removal plants 

should be installed. Where chloride content exceeds 

the above allowable limit, construction of a deep 

tubewell or shrouded well or infiltration gallery 

is needed to ensure acceptable low chloride concen

trations. 

2. An extension of the present platform is needed as 

per modified design, A new design platform should 

be constructed where thers is no platform, 

3. 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 ccllectora, location of the tubewell should 
« 
be in a protected, fenced place, but must be 

accessible to all us '.rs. Some tubewells are also 
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needed i n road j u n c t i o n s o r o t h e r s u i t a b l e 

p u b l i c p l a c e s . 

( c ) S i n c e i t i s not p o s s i b l e in t h e n e a r f u t u r e to 

p r o v i d e one t u b e w e i l f o r 20-4C p e r s o n s for v a r i o u s 

r e a s o n s , eve ry e f f o r t should be. made i n s e l e c t i n g 

p r o p e r s i t e s for t u b e w e l l s i n l o c a l i t i e s so t h a t 

t h e d i s t a n c e of T t u b e w e i l from a l l h o u s e h o l d s i s 

t h e minimum p o s s i b l e . P r e s e n t s i t e s e l e c t i o n c r i t e r i a 

to p r o v i d e one t u b e w e i l w i t h i n 500' of eve ry h o u s e 

hold should be s t r i c t l y fo l lowed ; moreover , t h i s 

d i s t a n c e shou ld be r educed g r a d u a l l y wi th t i m e and 

o p p o r t u n i t y which i s u b s o l u t e l y n e c e s s a r y f o r more 

u s e o f t u b e w e i l w a t e r i . e of s a f e wa te r a s o b s e r v e d 

i n t h e s t u d y . 

Reduc t ion o " t h a t d i s t a n c e can on ly be a c h i e v e d . 

t h rough p e o p l e ' s whole h e a r t e d , p a r t i c i p a t i o n and 

th rough more e x t e n s i v e e x t e r n a l he lp and c o - o p e r a t i o n . 

I t i s a l s o thcaj-g-hiT t h a t government cou ld a l l o c a t e 

somewhat more, r e s o u r c e s to t h i s s e c t o r t han p r e s e n t 

p l a n n i n g documents i n d i c a t e . 

(d) D e n s i t y of p o p u l a t i o n i n h a b i t a b l e r u r a l a r e a s must 

be t a k e n ~into c o n s i d a r a t i o n in a d d i t i o n to p a p u l a t i o n 

in t h e a l l o c a t i o n of t u b e w e l l s i n an a r e a . 
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5.3 Recommendation for Future 5tudy: 

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 which have been -obtained from the 

investigation may not be applicable to other parts of the 

country. 

It is not feasible to conduct field investigation in all 

areas, nor it is practicable to apply general design criteria 

for conditions throughout the country. It is therefore sugges

ted that the whole country may be divided into some uniform 

water need zones on the basis of patterns of rural water 

consumption and local conditions. In each zone a similar type 

of study should be cnrducteJ,. specific study of the major 

parameters like water quality standards, distance factor* 

settlement patterns, importance of privacy etc. should be 
• • • • • * . r i . . . . . . 

conduc ted to e s t a b l i s h a p p l i c a b l e d a s i ^ n . c r i t e r i a f o r t h e 

p a r t i c u l a r zone, 

A l ong term s tudy on t h e p e r f o r m a n c e , s u i t a b i l i t y , 

p e o p l e ' s a c c e p t a b i l i t y and s t r u c t u r a l d u r a b i l i t y o f t;he i r o n 

remova l p l a n t i s .recommended i n o r d e r t o improve t h e d e s i g n 

o f low c o s t i r o n remova l d e v i c e . 
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INTERVIEW QUESTIONNAIRE 
136 

1 . Vi l lage 2 . House Nc. 

4 . Informant ( re la t ion with house head): 

6 . Population served by own kitchen: 

< ^ 1 y r . 1-10 

3 . Date . . . 

5. Religion 

M F H F 

^ > 1 0 years 

E 
Total 

s 
f i . m m • i 7* Occupation: 

9 . Level o f education: 

8 . Total land owned: (Blgha) 

^Nothing Primary Secondary Above Secondary 

1 0 . Approximate monthly Income: (Taka) 1 1 . Floor area-of al l roofed dwelling . . (sft) 

1 2 . Estimated value o f the family property: (Taka) 

13. Roof made of: 14. Wall made of: , 

15, Distance of nearest water sources and travel time: 

(Ft.) 

(Kin) 

Tubewel 1 Pond River Ring well Canal Ditch 

1 6 . Sources o f water for Domestic purposes 

Nature o f 
consumption 

Season T/H. R/WL Pond River Ditch Rain Hater 

Drinking 
Dry 
Rai SL 

Cooking M 
Washing 
clothes 

Rainy 
• n»ms *•-* 

*L 
» | i d> * m m » • • t^tm 

Washing 
Utensils 

Rainy 
Dry 

t * » > » ! « HI • » < » * < * t»n*m 

.~f—-

Rainy 

Bathing 
Dry 
Rainy 

r»»i r r r r ' 

For 
Cattl e 
Sanitary 
Purpose 

Dry 
Rainy 
IP 

-J .T J U M i l 

Rainy 

• & 

/ 
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Reasons for non-usage of tubewell water for all donestic purposes: 

(a) Tubewell Is too far away -

(b) Pond/River Is closer to the house -

(c) Sufficient quantity of water i s available from surface sources -

(d) Feel comfort In taking bath and washing clothes in pond and r iver -

(e) More tine is required in fetching water from ?, tubewell. Hashing 
and bathing not possible at peak demand period -

( f ) Tubewell water testes bad and has a cloudy appearance -

(g) Cooked food and clothes become col cured -

(h) • Take more'tine-in.boil ing rice and dal -

( i ) Hair becomes sticky -

( j ) Taking bath and washing clothes on small platform is d i f f i cu l t -

(k) Tubewell site becomes flooded and contaminated by waste water; ; 

caretaker does 'not permlt-

( l ) Tubewell Is situated in an exposed placcjmnro tiro-cannot b.e 
spent for washing and batning by i.So won or for lack of privacy -

(m) Other reasons (i r any) 

YES 

1 7 

/ 7 

NO 

CO 
co 
rn 
_rn 
CO 
no 
rn 
m 

CO 

CO 
I 7 

Water usage from various source: 

Tube-
well 
No. 

- yatcr collected from tubewell 

Date I liode of 
collection and 
purpose of use M l J S 

Quan
t i t y 

Hater coll ectod from, pond/river 
Pond/ I ' " " [ ' " Mode' of 

| Date f River coll ection and 
Quan
t i t y 
(ga l l . ) . 

» 1 l t f M l i l • 9-
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Proforaa used: In the "field to record data coll ectlon 

< & • * 

CD 

* . ^ * 
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' -APPENDIX-'B1 

5ome F e a t u r e s o f Pumps used i n Bang ladesh 

Model 
Name 

N ew 
No. 6 
(UNICcF) 

Mo. 4 
very 
shallow 

No. 2 
Family 
Pump 

Deep 
Set 
Cylinder 
with 
No. 6 
Head 

Weight 
( pounds) 

6 5 

46 

22 

5 
+ 
65 

Cylinder 
diameter 
( inch) 

3.5 

3.0 

2.5 

2.5 

• 

Strok e 
L ength 
(inch) 

8.5" 

6.0 

4.0 

-

8.5 

Di scharge 
Minimum 
(gallon; ; 

6.00 

3.00 

1.4 

3.00 

Specific use 

Most common type in 
use all over the 
country 

Very shallow wells used 
only in salinity problem 
areas. Smaller capacity 
to prevent salt water 
intrusion by depletion 
of fresh water 

Is usfid in areas 
where potable aqufer 
is available at reason
able shallow depth 
(30-4 5"). Meant for 
use by a single family. 

Used where water 
table goes below 
suction head (25'-0") 
during dry season. 

l l D i scha rge f o r twen t y s t r o k e s under 5 ' - 0 s t a t i c s u c t i o n l i f t 
c o r r e s p o n d i n g to mean sea l e v e l a t a t e m p e r a t u r e ' o f 86 F. 
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APPENDIX-'C-l ' 

Maximum number of u s e r s per t u b e w e l l on t h e b a s i s af t i m e 
r e q u i r e d i n f e t c h i n g w a t e r from t h e t u b e w e l l • 

I f i t i s c o n s i d e r e d t h a t p e o p l e w i l l c o l l e c t e n t i r e domes

t i c r e q u i r e m e n t of w a t e r , i ' . e 10 ' gpcd from t u b e w e l l , then number 

of t r i p r e q u i r e d p e r p e r s o n per day i s four assuming 2 , 5 g a l l o n s 

a v e r a g e c o l l e c t i o n p e r t r i p , 

f\low i f 160 p e o p l e use a t u b e w e l l , t o t a l number of t r i p s 

t o a t u b e w e l l i s 640 t r i p s p e r d a y . 

About 0 .625 m i n u t e i s r e q u i r e d to pump 2 . 5 g a l l o n of 

w a t e r from a t u b e w e l l having y i e l d c a p a c i t y of 4 gpm and 

a p p r o x i m a t e l y 0 . 6 7 m i n u t e i s s p e n t i n c l e a n i n g and p l a c i n g t h e 

c o n t a i n e r i n p r o p e r p l a c e d u r i n g w a t e r c o l l e c t i o n . T h e r e f o r e , 

t o t a l t ime s p e n t a t t u b e w e l l i n w a t e r c o l l e c t i o n ppr t r i p i s 

e q u a l t o 1,30 m i n u t e . 

5 i n c e abou t 14 p e r c e n t of t h e t o t a l c o l l e c t i o n j o u r n e y s 

a r e made p e r hour a t peak demand p e r i o d , t o t a l number of t r i p s 
640x14 

p e r hour a t peak demand p e r i o d = — = 90 c o l l e c t i o n j o u r n e y s 

i n one h o u r . 

T o t a l t ime r e q u i r e d to Tiake 90 c o l l e c t i o n j o u r n e y s i s 

e q u a l to 1,30x90 = 117 m i n u t e s , i . e 160 p e o p l e can not be 

s a t i s f i e d by one w e l l unde r i d e a l w a t e r c o l l e c t i o n c o n d i t i o n s . 

I f t h e c o l l e c t i o n j u r n e y s a r e made u n i f o r m l y t h r o u g h o u t 

t h e peak demand hour , t hen rnaximum number of pe r son cou ld be 

* • *• J L. i-i 60x100 0 0 _ . , . 

s a t i s f i e d by one w e l l = -:—rs—rr—. = 82 p e r s o n s . S i n c e a t peak 

demand hour s e v e r a l c o l l e c t o r s a t t e n d a s o u r c e w i t h i n s h o r t 

i n t e r v a l of t i m e , maximum number of u s e r s p e r t u b e w e l l may be 

20-30 t o avo id any long d e l a y in c o l l e c t i n g t u b e w e l l w a t e r . 
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APPENDIX- 'C-2 ' 

' " ' " ' . . ' • ' . • ' i 'r ' . '•. ' 

U s e r s p e r t u b e w e l l and l e n g t h of run between 
c l e a n i n g of t h e i r o n removal p l a n t 

The l e n g t h of run betw^^n backwashes of an i r o n removal 

p l a n t i s a f u n c t i o n of t o t a l removal of i r o n , i . e amount of 

i r o n removed p e r u n i t volume of w a t e r and t o t a l volume of 

w a t e r pumped. In p l a n t No.2, raw w a t a r i r o n c o n t e n t i s 8 mg/1 

and t r e a t e d w a t e r i r o n p e r l i t r e i s 0 .4 to 0.6 mg. 

About 100 u s e r s use t h e p l a n t and a v e r a g e p e r c a p i t a 

c o l l e c t i o n from t h e p l a n t i s 3 gpcd, which i s o n l y 30% of t h e 

d a i l y d o m e s t i c r e q u i r e m e n t . i l a i l y y i e l d from the? p l a n t i s 

t h e r e f o r e , 300 g a l l o n . I f in f u t u r e p e r c a p i t a c o l l e c t i o n from 

the p l a n t i n c r e a s e d to 10 g a l l o n , t h e n i n o r d e r to m a i n t a i n 

t h e p r e s e n t l e n g t h o f run between c l e a n i n g of t h e p l a n t , 

u s e r s pe r t u b e w e l l must be kep t l i m i t e d to ~T-Q— = 30 p e r s o n . 

P r e s e n t l e n g t h of run be tween c l e a n i n g i s 15 d a y s . S ince 

t h e method o f c l e a n i n g i s a t r u b l e some m a t t e r , a s h o r t l e n g t h 

of run between c l e a n i n g of t h e p l a n t i s not d e s i r a b l e . 
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APPENDIX-«C-3' 

Maximum number o f p e o p l e who c o u l d be s a t i s f i e d by one 
t u b e w e l l i f B a t h i n g and washing a r e done on t u b e w e l l 
p l a t f o r m o f t h e p r e s e n t l i m i t e d a rea ( 2 ' 9 " x 2 ' 9 " ) 

I f on an average 5 m i n u t e s i s spen t per t r i p f o r wash ing 

u t e n s i l s , c l o t h e s and o t h e r pu rposes t h e n a maximum 12 c o l l e c 

t i o n j o u r n e y s cou ld be made i n one hour , w i t h t h e p r e s e n t t y p e 

o f p l a t f o r m , because t h e user w i l l occupy t h e main p l a t f o r m 

f o r t h e who le t i m e . 

S ince about 14 p e r c e n t o f t h e t o t a l c o l l e c t i o n j o u r n e y s 

a re made a t peak demand hour , maximum t o t a l c o l l e c t i o n j o u r n e y s 

L • n o . 12x100 Q c u ' c-• A r> u 

per hour i s e q u a l to T-A— = s a V ° ^ . Ms per r . -g . 4 . ^ . house

h o l d s l i v i n g w i t h i n 100 ' f rom a t u b e w e l l on an average made 

abou t 28 c o l l e c t i o n j o u r n e y s per househo ld pe r day. 

T h e r e f o r e , about y^~^ 3 househo lds cou ld be served 

by one t u b e w e l l and maximum 20-25 persons w i l l be b e n e f i t e d 

i f b a t h i n g and wash ing are done on t h e p r e s e n t t u b e w e l l 

p l a t f o r m . 

On t h e o t h e r hand where t h e r e i s an ex tended new t y p e 

p l a t f o r m , one pe rson who wants t o wash h i s u t e n s i l s o r c l o t h e s , 

can c o l l e c t wa te r f rom the w e l l and t h e n can do h i s wash ing 

on t h e ex tended p l a t f o r m l e a v i n g t h e main p l a t f o r m c o m p l e t e l y 

f r e e f o r o t h e r s . And by t h a t t i m e one o r two u s e r s can e a s i l y 

use t h e t u b e w e l l f o r any p u r p o s e . T h e r e f o r e i f on an ave rage 

2 m i n u t e s i s spent per t r i p , about 30 c o l l e c t i o n Jou rneys cou ld 

be made i n one hou r , i . e T T ^ T R ^ 8 househo lds c o u l d be se rved 

one t u b e w e l l and about 55-60 persons w i l l be n e f i t e d . 
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APPENDIX-'C-4' 

Optimum nuniber of users par hand pump tubewell 

O n 1' l » « i II . ' • . . . " 

F o r ^ t h e c o n d i t i o n . 

To have the f a c i l i t y o f b a t h i n g 
a~"" " w a s h i n g on new tubew;e l l p l 3 ; t f o rm •• 

( A p p e n d i x - B - 3 ) • 

For t he ma in tenance o f b a r t i e r 
b . p r i v a c y o f the gourde s i t .3 

( A r t . : 4 . 4 . 4 ) 

' i 

: . . • . 

To. a v o i d any rush a t t'ib'?v e l l 
c. s i t e a t peak demand hour 

( A p p e n d i x - B . 2 ) 

; To m a i n t a i n a l o n g l e n g t h o f run 
d . ; between c l e a n i n g o f (the i r o n 

; removial p l a n t ( A p p e n d i x - B - l ) 

To p r o v i d e a t u b e w - ' l l w i t h i n 
e. 12Q-1;70' from each househo ld 

[ ( A r t . 4 . 4 . 6 ) 

: To m a i n t a i n g optimum ma in tenance 
...-€.,... .-...CQ.at io f t r a d i t i o n a l . . i h a n d pump 

\ t u b e w e l l ( A r i . 4 . 3 , 2 ) 

To reduce t h e chances o f 
g . B a c t e r i o l o g i c a l c o n t a m i n a t i o n 

o f t u b p w e l l w a t e r ( R e f . 4 2 ) 

Recommendat ion,o f Raiz o f 
h. Colombia ( A r t . 2 . 1 . 4 , Re f . 20 ) 

-
• 

Maximum permls-s ib. le 
number o f i s ^ r s pe r hand 
purnp t u b e w e l l 

55 -60. oeTSO-n : 

11 j . . . . . . . 

15-25 ' pe rson : 

20-30 ' pe rson • 

20 -30 ' be rson • 

20-40 person 

...50-6Q. perspn_;_ 

l e s s than 239 pe rson 

20-50 pe rson 

Therefore 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 deviation froai. different value of main-
• M — i w — w w t t f ' U . ' i • • ••—» • ••in gin ,»_» t^mm . ^ J ^ • W I W — I i i i « t J » i » > « w > K B p ^ i i n n w i i i m n i n i X i 

tenancc cost with variation cf users 

Number 
of users 

X 

20 
25 
30 
30 
30 
40 
50 
60 
60 
65 
75 
80- Ax 
80 
80 
80 

115 
115 
115 
120 
125 
150 
150 
250 
320 

Maintenance 
cost of 
tubewell 
in Taka 

y 

2 
7 
2 
4 
5 
9 

10 
6 

22 
7 

8 - Ay 
8 

12 
22 
23 
20 
30 
43 
33 
46 
30 
50 
35 
50 

Step devia
tion fron 
arbitrary 
value (Ax) » 

L_ dx 

-60 
-55 
-50 
-50 
-50 
-40 
-30 
-20 
-20 
-15 

" „ 5 

0 
0 
0 
0 

• 35 
35 
35 
40 
45 
70 
70 

170 
240 

• 345. 

Step devia
tion frcm 
arbitrary 
value (Ay) • 

dv 
- 6 
- 1 
- 6 
- 4 
- 3 

1 
2 

- 2 
14 

- 1 
0' 
P 

4 
14 

. 15 
12 
22 
35 
25 
38 
22 
42 
27 
42 

• 292 

dxdy. 

360 
55 

300 
200 
150 
-40 
-60 
40 

-280 
15 
0 

o 
0 
0 
0 

420 
770 

1225 
1000 
1710 
1540 
2940 
4390 

10080 

25015 

dx2 ! 

3600 -
3025 
2500 
2500 . 
2500 
1600 
900 
.400 
40U 
225 

\ 25 
• 0 

0 
0 
0 

1225 
1225 
1225 
1600 
2025 
4900 
4900 

28900 
57600 

121275 

dy2 

36 
1 

36 
16 
9 

.1 
4 

* 
196 

1 1 

t ° 
o 

16 
196 
225 
144 
484 

1225 
625 

14440 
484 

1764 
729 

1764 

22400 

_______ 

ydx 

- 120 
- 385 
- 100 
- 200 
- 250 
- 360 
- 300 
- 120 
- 440 
-105 
- 40 

o 
0 
0 
0 

700 
1050 
1505 
1320 
2070 
2100 
3500 
5950 

12000 

27775 

« 
ydx 

7200 
21175 
5000 

10000 
12500 
14400 
9000 
2400 
8800 

.1575 

200 
0 
0 
0 

. 0 
24500 
36750 
52675 
52800 
.93150 

147000 
245000 

1011500 
2880000 

4635625 

Mean: x~ = 80 • —-- « 94t38 users 

y . 8 • ~ - . 20.16 Taka 
24 

pmmmmm«•>*•! • mm I • * » • _ • 

/ v/22400 / 2 & 2 V 

- 28.02 Taka 

A X B /121275 f W \ 
24 m\$J 

J 5053.12-206.64 

o 69.61 users 
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Calculation of oean, standird deviation free different-
...value.afDer "capita water .coLUction by. observeu hc-Uouhc-1 ds (See Fluure 4.4 aist,-

Per 
capita 
water 

collection-
(gpcd) 

x • 

0-1 

1-2 

2-3 * 

3-4 

4-5 • 

5-6 

6-7 

7-8 •'• 

8-9 ••' 

9-10 -

SUN • 

Percent 
:house-
iald ..-
! it) . 

. . . : ' . .y. : . -

10 

20 

15 

: 17 

10-Ay' 

7 ' 

8 

: 3 

! 3 • 

i 2 ' 
95 

1 ! 
Hid 

'val ue 
-«.fX 
(gpcd) 

: x 

.0.5 • 

1.5 
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Calculation of (lean,. Standard Deviation 
i r » n * ' * .*•*,-« _ 

from different value of collection journey [%j uith variation of time thr) 

(See also Figure 4.7 and 4.8) 
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