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INTRODUCTION 

P. SANTEMA 

Water is  e s s e n t i a l  f o r  l i f e .  It makes up n i n e - t e n t h s  o f  t h e  human 

b o d y ' s  volume and t w o - t h i r d s  o f  i ts w e i g h t .  Without  w a t e r ,  no one can  

s u r v i v e  f o r  more t h a n  a few d a y s .  T h i s  v i t a l  e l emen t  c o v e r s  about, 

t h r e e - q u a r t e r s  o f  t h e  e a r t h ' s  s u r f a c e .  But 97.4 p e r  c e n t  i s  s a l t  w a t e r  

i n  o c e a n s ;  1 .8  p e r  c e n t  i s  f r o z e n  i n  p o l a r  r e g i o n s .  F r e s h  w a t e r ,  needed 

by human b e i n g s  t o  s u s t a i n  l i f e ,  h e a l t h  and p r o d u c t i v e  a c t i v i t i e s ,  

c o n s t i t u t e s  o n l y  0 .8  p e r  c e n t  o f  t h e  w o r l d ' s  s u p p l y .  Fur the rmore ,  p a r t  

o f  t h i s  r e l a t i v e l y  s m a l l  amount i s  c o n t a m i n a t e d .  

For h a l f  t h e  w o r l d ' s  p e o p l e  - and t h r e e - f i f t h s  o f  t h o s e  l i v i n g  i n  

d e v e l o p i n g  c o u n t r i e s  - r e a s o n a b l e  a c c e s s  t o  a  s a f e  and a d e q u a t e  

d r i n k i n g  w a t e r  s u p p l y  is s t i l l  more a  wish t h a n  a r e a l i t y .  A s  a n  

answer  t o  t h i s  problem t h e  UN Dr ink ing  Water Supply  and S a n i t a t i o n  

Decade ( 1  981 -1 990 ) was a g r e e d  upoh d u r i n g  t h e  Uni ted  Na t ions  Water- 

c o n f e r e n c e ,  h e l d  a t  Mar d e l  P l a t a ,  Argen t ina  i n  1977.  It was o f f i c i a l l y  

l aunched  10 November 1980, d u r i n g  t h e  3 rd  s e s s i o n  o f  t h e  U N  General  

Assembly a t  New York. The decade  c a n  be r e g a r d e d  a s  a n  i n i t i a t i v e  o f  

ma jo r impor t ance  wnich can  mean a c r u c i a l  change i n  t h e  l i v e s  o f  many 

m i l l i o n s  of p e o p l e  i n  t h e  d e v e l o p i n g  w o r l d .  

The l i m i t e d  a v a i l a b i l i t y  o f  f r e s h  w a t e r ,  i ts  uneven d i s t r i b u t i o n  o v e r  

t h e  e a r t h ' s  s u r f a c e  a s  w e l l  a s  t h e  s h o r t t e r m  and l o n g t e r m  v a r i a t i o n s  

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



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

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

c h a l l e n g e  t o  d e v e l o p  s u i t a b l e  methods i n  t h i s  f i e l d  o f  work. 

The workshop on  ' t h e  r o l e  o f  hydro logy  i n  t h e  U . N .  Water  Decade'  

endeavours  t o  g i v e  a  r ev iew o f  t h e  p r e s e n t  knowledge and e x p e r i e n c e  

i n  t h i s  f i e l d  w i t h i n  The N e t h e r l a n d s .  



THE REALITY OF THE WATER DECADE* 

J. M. G .  VAN DAMME 

ABSTRACT 

The Water Decade i s  a n  a t t e m p t  o f  governments  and Uni t ed  Agencies 

O r g a n i z a t i o n s  t o  t a k e  a major  s t e p  i n  t h e  p r o v i s i o n  o f  water supp ly  

and s a n i t a t i o n  f a c i l i t i e s  t o  t h e  m i l l i o n s  o f  peop le  who now l a c k  

t h e s e  s e r v i c e s .  The paper  starts o f f  w i t h  e x p l a i n i n g  how t h e  Decade 

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

t h e r e  o f  bo th  i n  terms o f  h e a l t h  and  o t h e r  i s s u e s ;  t h i s  is be ing  

e l u c i d a t e d  w i t h  t a b l e s .  

I n  t h e  a t t a c k  o f  t h i s  complex problem new t h i n k i n g  on t h e  r e q u i r e d  

a c t i o n s w a s  needed;  t h e  u s e f u l n e s s  o f  t h e  Decade i n  t h i s  r e s p e c t  

i s  be ing  d i s c u s s e d :  such  new developments  as t h e  r e q u i r e d  combina t ion  

o f  w a t e r  s u p p l y ,  s a n i t a t i o n  and h e a l t h  e d u c a t i o n ;  more emphasis  on 

s o c i a l  i s s u e s ;  and a d i s t i n c t i o n  between s u p p o r t  programmes and 

c o v e r a g e  programmes a r e  b r i e f l y  r ev iewed .  

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

as a ~ u c c e s s f u l  i n i t i a t i v e .  Arguments f o r  t h i s  o p i n i o n  are b e i n g  g i v e n ,  

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

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

* )  O f f i c i a l  name: 

I n t e r n a t i o n a l  D r i n k i n g  Water Supply and S a n i t a t i o n  Decade (1981-1990) 



Figure 1 You cannot  be young enough t o  s t a r t i n g  t o  l e a r n  how t o  c a r r y  

wate r .  Bamako, Mali 1982. Photo: I R C  - Toon van Dam 



1 INTRODUCTION 

The number of people in developing countries that must do without a 

proper daily supply of safe drinking water counts in the many millions. 

Basic sanitation is even less frequently available than safe water. 

The results of all this is that a large part of these millions suffers 

from water and excreta related diseases. Many people, and especially 

children, do not survive them. 

Special attention for the drinking water supply and sanitation problems 

in developing countries started in the seventies. The UN Conference 

on Human Environment at Stockholm (1972) was the first to come forward 

with a public statement on the need of water and sanitation development: 

'It is recommended that development assistance agencies should give 

higher priority to support Governments in financing and setting up 

services for water supply, disposal of water from all sources, and 

liquid waste and solid waste disposal and treatment. Habitat (UN 

Conference on Human Settlements, Vancouver, 1976) carried the message 

further by recommendation C 12: 'Safe water supply'and hygienic waste 

disposal should receive priority with a view to achieving measurable 

qualitative and quantitative targets serving all the population by a 

certain date'. The year 1990 was specifically mentioned in the implied 

necessary actions. The UN Water Conference (Mar de Plata, 1977) 

recommended subsequently 'the Decade 1981-1990 should be designated the 

International Drinking Water Supply and Sanica~ion Decade and should be 

devoted to implementing the national plans for drinking water and 

sanitation1. A plan-of-action,contained in a specific resolution, worked 

this recommendation out in further detail. The Decade was proclaimed in 

November 1980 in a special session of the United Nations General 

Assembly. The objective is: 'Safe water and adequate sanitation for all 

by 1990, if possible1. 

One might wonder whether the proclamation of an umpteenth decade is 

meaningful. I think that the answer is 'yes1. It needs to be considered 

that the Water conference and the Decade have not developed out of 

nothing. They are in fact carried by numerous officials and technicians 

in dozens of countries, the governments of which have agreed to prepare 

for the Decade and to implement it. It already begins to show that these 
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agreemen t s  a r e  l e a d i n g  t o  r e s u l t s .  

A good example o f  how mean ingfu l  s u c h  an  endeavour  maybe can  be found  

i n  L a t i n  America. I n  1961 Governments o f  t h a t  r e g i o n  a g r e e d  i n  a  

c o n f e r e n c e  a t  Pun ta  d e l  E s t e  (Uruguay)  t o  s t r i v e  f o r  w a t e r  s u p p l y  

f a c i l i t i e s  f o r  70% o f  t h e  u rban  and 12% o f  t h e  r u r a l  p o p u l a t i o n .  T h i s  

g o a l  was indeed  p r a c t i c a l l y  r e a c h e d  and s e v e r a l  o t h e r  i n i t i a t i v e s  l e d  

t o  a d d i t i o n a l  r e s u l t s ,  i n  p a r t i c u l a r  r e g a r d i n g  t r a i n i n g  and e d u c a t i o n ,  

f i n a n c i a l  s y s t e m s  and t e c h n o l o g y  development .  E s s e n t i a l  e l e m e n t s  f o r  t h e  

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

p r e s e n t  Decade, were  m o t i v a t i o n ,  d e t e r m i n a t i o n  and c o - o p e r a t i o n .  

The g o a l  o f  t h e  Water Decade i s  o u t r i g h t  a m b i t i o u s  - a s  a  g o a l  s h o u l d  

be .  The numbers o f  p e o p l e  who w i l l  have  t o  be  s e r v e d  o v e r  t h e  coming 

y e a r s  can  be d e r i v e d  from Tab les  1  and 2  ( t a k e n  from World H e a l t h  

O r g a n i z a t i o n ,  1 9 8 3 ) .  The o v e r a l l  s i t u a t i o n  is  t h a t  i n  d e v e l o p i n g  

c o u n t r i e s  a p p r o x i m a t e l y  70 % o f  t h o s e  who l i v e  i n  r u r a l  a r e a s ,  o n l y  32% 

have  a c c e s s  t o  r e a s o n a b l e  s a f e  w a t e r  and 15% t o  s a n i t a r y  e x c r e t a  

d i s p o s a l  f a c i l i t i e s .  Of t h e  u r b a n  p o p u l a t i o n ,  73% have  a c c e s s  t o  p iped  

w a t e r  (54% t h r o u g h  house  c o n n e c t i o n s  and 19% t h r o u g h  s t a n d p i p e s )  and 

53% t o  s a n i t a r y  e x c r e t a  d i s p o s a l  f a c i l i t i e s .  These f a c t s  became e c e n  

more d r a m a t i c  when r e a l i z i n g  t h a t  h a l f  t h e  p o p u l a t i o n  o f  t h e  world  

( e x c l u d i n g  Ch ina )  l i v e  i n  d e v e l o p i n g  c o u n t r i e s .  

2  HEALTH AND OTHER RELATIONS 

Every h o u r ,  between 1000 and 2500 T h i r d  World c h i l d r e n  unde r  f i v e  d i e  

s i m p l y  because  t h e y  do n o t  g e t  c l e a n  w a t e r  t o  d r i n k  o r  enough wa te r  t o  

wash themse lves  p r o p e r l y .  Every y e a r ,  somewhere a round  6 m i l l i o n  

c h i l d r e n  o f  t h e  same a g e  g r o u p  d i e  from d i a r r h o e a .  It i s  a l s o  known 

t h a t  a s  many a s  h a l f  o f  a l l  t h e  h o s p i t a l  beds  i n  t h e  world  a r e  o c c u p i e d  

by p e o p l e  w i t h  water-borne  d i s e a s e s .  

T a b l e  3 ( t a k e n  from Uni ted N a t i o n s  Development Programme) p r e s e n t s  

a  g r o u p i n g  o f  d i s e a s e s  r e l a t e d  t o  water and e x c r e t a ,  and Tab le  4  

g i v e s  f i g u r e s  f o r  A f r i c a ,  Asia  and p a r t s  o f  L a t i n  America i n  1977-1978. 



Table 3 Categories of diseases related to water and sanitation. 

. Water-borne diseases 

spread by drinking or washing hands, food or utensils in contaminaged 

water, which acts as a passive vehicle for the infecting agent. 

e Water-washed diseases 

spread by poor personal hygiene and insufficient water for washing. 

Lack of proper facilities for human waste disposal is another 

contributing factor. 

a Muter-based diseases 

transmitted by a vector which spends a part of its life cycle in water 

Contact with water thus infected conveys the disease-causing parasite 

through the skin or mouth. 

e Diseases with water-related vectors 

contracted through infection-carrying insects which breed in water and 

bite near it, especially when it is stagnant. 

D Fecal disposal diseases 

caused by organisms that breed in excreta when sanitation is 

defective. 





Tables 5 and 6 (taken from Agarwal, 1980), putting these and other 

figures in perspective, speak for themselves 

Table 5 Estimated numbers of people suffering from water-related diseases 

* 500 million people with trachoma (often causing blindness) 

* 250 million people with elephantiasis 

* 200 million people with bilharzia (snail fever) 

* 160 million people with malaria 

* 100 million people with diarrhoea (gastro-enteritis) 

* 30 million people with onchocerciasis (river blindness) 

Table 6 Alternative expression of tabel 5 

* The entire population of non-communist Europe partly blind with 

trachoma 

* Every citizen of the Soviet Union with the fat, swollen legs 

of elephantiasis 

* The whole of the United States of America urinating blood 

from bilharzia 

* Everyone in Japan, Malaysia and the Philippines sweating 

and shivering with malaria 

* Almost everyone in Brazil aching and incapacitated with 

diarrhoea 

* The total population of Iran sightless from river blindness 



Table 7 puts the water health relation in positive terms. It indicates 
that water can have significant effects on several of the above- 

mentioned and other diseases if adequate water supplies for bathing, 

washing of clothes and cooking utensils, food preparation, and other 

hygienic purposes are available. 

Table 7 Estimated proportion of preventable water-related diseases in 
East Africa in 1966 
- 

Percent reduction expected 
if water supply were 

Diagnosis excellent 

Guinea worm 100 % 
Thyphoid 8 0 
Urinary schistosomiasis 8 0 
Leptospirosis 8 0 
Trypanosomiasis, gambiense 80 
Scabies 80 
Yaws 70 
Inflammatory eye disease 70 
Schistosomiasis, unspecified 6 0 
Trachoma 60 
Bacillary dysentery 50 
Amebiasis 50 
Dysentery, unspecified 50 
Tinea 50 
Gastroenteritis, 4 wk to 2 yr 50 
Gastroenteritis, over 2 yr 5 0 
Skin and subcutaneous infections 50 
Diarrhea of the newborn 50 
Paratyphoid and other Salmonella 4 0 
Louseborne typhus 40 
Intestinal schistosomiasis 40 
Ascariasis 40 
Louseborne relapsing fever 40 
Otitis externa 4 0 
Classic skin (leg) ulcer 40 
Trypanosomiasis, unspecified 10 
Dental caries 10 

Overall 52 

Source: White et al., 1972 
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There  a r e  s e v e r a l  o t h e r  i m p l i c a t i o n s  o f  i n a d e q u a t e  a c c e s s  t o  r e g u l a r  

w a t e r  s u p p l i e s .  It h a r d l y  needs  a rgumen t  t h a t  p r o d u c t i v i t y  and e d u c a t i o n  

a r e  s e v e r e l y  hampered i f  women o r  c h i l d r e n  have t o  f e t c h  w a t e r  d a i l y  

o v e r  d i s t a n c e s  o f  u p  t o  12 km, and i f  men, women and c h i l d r e n  a r e  u n f i t  

f o r  work o r  e d u c a t i o n ,  because  o f  s i c k n e s s .  I n  many p l a c e s  l a c k  o f  

r e g u l a r  w a t e r  s u p p l i e s  l e a d s  t o  a  heavy  burden on t h e  a l r e a d y  s c a r c e  

f i n a n c i a l  means: w a t e r  vendors  a r e  known t o  se l l  w a t e r  ( o f t e n  o f  

d o u b t f u l  q u a l i t y )  f o r  a  p r i c e  which i s  sometimes up t o  100 times t h e  

p r i c e  o f  w a t e r  from a  normal  p iped  s u p p l y .  I n  o t h e r  p l a c e s  t h e r e  ar'e 

e n v i r o n m e n t a l  i m p l i c a t i o n s .  O v e r g r a z i n g  o f  c a t t l e  n e a r  w e l l s  i n  t h e  

s a h e l - a r e a  fo rms  a  d i s a s t r o u s  c o n t r i b u t i o n  t o  d e f o r e s t a t i o n .  

A q u e s t i o n  o f t e n  h e a r d  i s  whether  b e t t e r  w a t e r  and s a n i t a t i o n ,  l e a d i n g  

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

and t h u s  i n c r e a s e d  hunger  and p o v e r t y .  The c o n t r a r y  i s  t r u e :  s t u d i e s  

and e x p e r i e n c e s  o f  a l l  k i n d s  s u p p o r t  t h e  f a c t  t h a t  a  l ower  m o r t a l i t y  

r a t e  l e a d s  t o  a  lower  b i r t h  r a t e .  

3 ACTION REQUIRED 

There  a r e  a s  many Decades as t h e r e  a r e  c o u n t r i e s  and t h e r e  a r e  j u s t  a s  

many d i f f e r e n t  s i t u a t i o n s ,  r e q u i r i n g  d i f f e r e n t  a p p r o a c h e s .  There  a r e  no 

two c o u n t r i e s  a l i k e ,  and t n e r e  are no cu t - and-d r i ed  a p p r o a c h e s  which 

can  be  u n i v e r s a l l y  a p p l i e d .  There  a r e  d i f f e r e n c e s  i n  c l i m a t e ,  i n  s t a g e  

o f  deve lopmen t ,  i n  p o l i t i c a l  s t r u c t u r e ,  i n  c u l t u r a l  s e t t i n g ,  i n  

p o p u l a t i o n  p e r  u n i t  a r e a ,  i n  u r b a n - r u r a l  r a t i o  and i n  economic s t r e n g t h ,  

t o  men t ion  o n l y  a  few.  I n  t e r m s  o f  w a t e r  s u p p l y  and s a n i t a t i o n ~ e v e l o p m e n t  

t h e s e  d i f f e r e n c e s  must  f i r s t l y  be  r e f l e c t e d  i n  t h e  c h o i c e  o f  t e c h n o l o g y  - 
s e v e r a l  o t h e r  p a p e r s  o f  t h i s  c o n f e r e n c e  d e a l  w i t h  t h i s  s u b j e c t .  Second ly  

t h e  c o n d i t i o n s  i n  t h e  c o u n t r i e s  conce rned  i n  a  s t r u c t u r a l  and 

i n s t i t u t i o n a l  s e n s e  ( e . g .  manpower s i t u a t i o n ,  p o t e n t i a l  i nvo lvemen t  o f  

t h e  community, l e g i s l a t i v e  a r r a n g e m e n t s ,  a v a i l a b i l i t y  o f  d a t a  e t c . )  

d e t e r m i n e  t o  a  h i g h  d e g r e e  t h e  v i a b i l i t y  o f  t e c h n i c a l  p r o j e c t s .  I n  

many c a s e s  t h e  c o n d i t i o n s  need t o  be  improved b e f o r e  o r  a t  t h e  t i m e  o f  

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



It is for this reason that the World Health Organization (1981) suggests 

that a distinction be made between coverage programmes and support 

programmes. Coverage programmes seek directly to extend coverage; for 

instance, by building rural water supply or water and sanitation 

facilities. Support programmes reduce constraints; for instance, if a 

government decides on a plan for the attainment of Decade targets in a 

large arid area of the country and a total lack of hyd'rologimldata 

makes it impossible to carry it out, a 3-year groundwater scudy may be 

required in support of the regional coverage programme. 

WHO suggests that support programmes may be needed in the following 

areas, each country having to define needs and content according to the 

support required by its coverage programme: 

- manpower development; 
- communication and health education; 
- community participation; 
- information and technology; 
- health and water-quality surveillance; 
- groundwater studies. 

The support programmes on groundwater should pay particular attention 

to: training of personnel; protection of aquifers against pollution; 

water conservation; and hydrogeological data. 

The described development points in the direction of a need for 

programmatic, next to, or even instead of project wise approaches. 

Coverage programmes could according to WHO be directed to: rural areas; 

urban fringe areas (squatter settlements, slums, shanty towns); 

small and medium-sized towns; regions (large water catchment, river 

basins, geographical areas); as well as intersectorial action. 

In the past, many well-meant initiatives have failed. Part of the reasons 

must be sought in the fact that projects were executed, for which the 

supporting conditions were lacking. In many cases too little attentian 

was paid to the dependence of success; of other factors (such as revenue 

collection acceptability, maintenance opportunity, etc.). For 

contributions by organizations and people from outside the particular 



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

more t h a n  i n  t h e  p a s t  t h e  s i t u a t i o n  i n  t h e  c o u n t r y  n e e d s  t o  be  t a k e n  as 

s t a r t i n g  p o i n t  o f  a c t i v i t i e s ,  which i n  t u r n  must be c h a r a c t e r i z e d  by a  

f l e x i b l e  approach .  The s u c c e s s  o f  t h e  p r o c e s s  r a t h e r  t h a n  t h a t  o f  t h e  

d i r e c t l y  v i s i b l e  r e s u l t  is t h e  matter t h a t  c o u n t s .  E s p e c i a l l y  t r a n s f e r  

o f  knowledge and know-how i s  t h e r e b y  o f  c r u c i a l  i m p o r t a n c e .  

It i s  now g e n e r a l l y  f e l t  t h a t  t h e  r e s u l t s  o f  t h e  150 o r  s o  Decades i n  

terms o f  h e a l t h  impac t  can  o n l y  be  s i g n i f i c a n t  i f  t h r e e  e l e m e n t s  water 

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

s i m u l t a n e o u s l y  and c o - o r d i n a t e d .  I n  terms o f  l a s t i n g  e f f e c t i v e l y  on t h e  

l o n g e r  term, human r e s o u r c e s  development  ( i n c l u d i n g  community 

i n v o l v e m e n t )  and ma in tenance  o f  i n s t a l l a t i o n s  a r e  i m p o r t a n t .  I n  terms o f  

more v a l u e  f o r  t h e  ( s c a r c e )  r e s o u r c e s ,  more emphas i s  on r e h a b i l i t a t i o n  

o f  decayed f a c i l i t i e s  i s  needed.  From a w a t e r  r e s o u r c e s  p o i n t  o f  view 

t h e  Decades i n  t h e  c o u n t r i e s  do n o t  s o  much have t o  c o n t e n d  w i t h  a  

q u a n t i t y  problem b u t  p a r t l y  w i t h  a  d i s t r i b u t i o n  and  p a r t l y  a  q u a l i t y  

problem.  These r e q u i r e  e f f e c t i v e  o r g a n i z a t i o n  and g e n e r o u s  c o - o p e r a t i o n ,  

two a s p e c t s  which make t h e  Decade e f f o r t s  no less c h a l l e n g i n g  t h a n  o t h e r  

e f f o r t s  i n  o u r  s o c i e t y .  

4 STATE-OF-AFFAIRS 

Much h a s  been s a i d ,  is be ing  s a i d ,  and w i l l  y e t  be  s a i d  a b o u t  t h e  d e g r e e  

o f  s u c c e s s  o f  t h e  Decade and t h e  c h a n c e s  o f  a t t a i n m e n t  o f  i ts  g o a l s .  The 

Decade 's  s u c c e s s  w i l l  be de te rmined  less by t h e  number o f  t a p s  and 

pumps, t h a n  by t h e  a b i l i t y  i n  t h e  c o u n t r i e s  t o  s e l f  r e l i a n t l y  c o n s t r u c t ,  

e f f e c t i v e l y  m a i n t a i n  and a d e q u a t e l y  u s e  them. From a  development  p o i n t  

o f  view i t  w i l l  t h a n  be l e s s  i m p o r t a n t  whe the r  i n  a g i v e n  c o u n t r y  t h e  

g o a l  w i l l  be r eached  i n  1990, 2000 o r  2010. Obv ious ly  f o r  many i f  n o t  

most c o u n t r i e s ,  t h e  l a s t  c i t e d  d a t e  w i l l  be n e a r e r  t o  t h e  g o a l  o f  100% 

c o v e r a g e  t h a n  t h e  fo rmer  one .  ( N a t u r a l l y  from a  human p o i n t  o f  view t h i s  

makes a  d r a m a t i c  d i f f e r e n c e  f o r  t h e  p e o p l e  cor~cerr red u n f o r t u n a t e l y  t h a t  

s a d  f a c t  c a n n o t  make t h e  i m p o s s i b l e  p o s s i b l e . )  



F i g u r e  3  A new asset o f  t h e  v i l l a g e ;  t h e  Ab id jan  pump 

Another o f t e n  m e n t i o n ~ d  - s p e c t  i s  t h a t  l e s s  i n t e r n a t i o n a l  f u n d i n g  i s  

coming fo rward  t h a n  was hoped f o r  o r  e x p e c t e d  a  few y e a r s  ago .  Th i s  

f a c t  means d i f f e r e n t  t h i n g s  t o  d i f f e r e n t  p e o p l e .  We a l l  know t h a t  t h i s  

f a c t  i s  h e a v i l y  i n f l u e n c e d  by t h e  p r e s e n t  economic r e c e s s i o n .  There  i s ,  

however,  a n o t h e r  s i d e  t o  t h i s .  A l l  t h e  money i n  t h e  world  c o u l d  n o t  have 

g i v e n  w a t e r  t o  a l l  p e o p l e ,  i f  t h e  c o u n t r i e s  t h e m s e l v e s  would n o t  t a k e  

t h e  l e a d i n g  i n i t i a t i v e .  The happy o t h e r  f a c t  now is t h a t  t h e  m a j o r i t y  

o f  t h e  d e v e l o p i n g  c o u n t r i e s  t a k e  t h e  Decade  v e r y  s e r i o u s  and do t a k e  

t h e  ma tch ing  i n i t i a t i v e s .  Tha t  i n  t h e  l o n g  r u n  w i l l  p rove  more i m p o r t a n t  

t h a n  a  t empora ry  i n c r e a s e  o f  e x t e r n a l  f u n d i n g .  T h i s  is more s o  s i n c e  

f i r s t  t h e  c o u n t r i e s  a r e  known t o  f i n a n c e  2 1 3 ' s  o r  more o f  t h e  needed 

e x p e n d i t u r e  f rom t h e i r  own r e s o u r c e s ,  and s e c o n d l y  t h e  s u c c e s s  o f  t h e  

programmatic  a p p r o a c h e s  a s  i n d i c a t e d  e a r l i e r  i n  t h i s  p a p e r  a r e  more 



i n f l u e n c e d  by commitment and i n i t i a t i v e  i n  t h e  c o u n t r i e s  t h a n  by t h e  

amount o f  e x t e r n a l  f u n d i n g .  

It remains  t r u e ,  however ,  t h a t  i n  o r d e r  t o  make s i g n i f i c a n t  p r o g r e s s  on 

t h e  s h o r t  t e r m ,  more money is  needed t h a n  now i s  b e i n g  a l l o c a t e d .  But 

t h e  a c t u a l  s i t u a t i o n  is l e s s  d i s c o m f o r t i n g  t h a n  is o f t e n  assumed. The 

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

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

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

I$ times t h a t  o f  t h e  s e v e n t i e s .  The a v e r a g e  i n c r e a s e  f o r  s a n i t a t i o n  i n  

t h e  e i g h t e e s  i s  9 t i m e s  t h a t  o f  t h e  s e v e n t i e s .  

A s  f a r  as e x t e r n a l  f i n a n c i a l  s u p p o r t  is conce rned ,  t h e  World H e a l t h  

O r g a n i z a t i o n  (1983)  r e p o r t s  t h a t  d u r i n g  t h e  1970s, a s s i s t a n c e  grew 

r a p i d l y  a s  a  number o f  b i l a t e r a l  development  s u p p o r t  a g e n c i e s  and 

development  banks t o o k  i n t e r e s t  i n  t h e  s e c t o r ,  e . g .  t h e  o f f i c i a l  

development  a s s i s t a n c e  (ODA) o f  t h e  17 b i l a t e r a l s  o f  t h e  Development 

A s s i s t a n c e  Committee (DAC) grew from a n  a v e r a g e  o f  US $ 3555 m i l l i o n  f o r  

t h e  y e a r s  1971-'73 t o  9965 i n  1979, 11361 i n  1980 and 11663 i n  1981. Out 

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

and s a n i t a t i o n  c o n s t i t u e d  1-2 % i n  t h e  beg inn ing  o f  t h e  s e v e n t i e s  b u t  grew 

t o  a n  a v e r a g e  o f  6-7 % f o r  t h e  b e g i n n i n g  o f  t h e  Decade. Tab le  8 

p r e s e n t s  a n  ove rv iew o f  t h e  c u r r e n t  s i t u a t i o n  (World H e a l t h  O r g a n i z a t i o n ,  

1 9 8 3 ) .  

T a b l e  8 D i s t r i b u t i o n  o f  e x t e r n a l  s u p p o r t  i n  t h e  f i r s t  y e a r  o f  t h e  

Decade 

1970-1979 - 1980 - 1981 
( i n  m i l l i o n s  o f  US D o l l a r s )  

B i l a t e r a l s  2 419.0 715.3 803.5 

Development Banks and Funds 2 200.0 450 .O 500 .O 

World Bank 2 850.0 631 .o 641.5 

Uni t ed  Na t ions  370.0 145.0 150.0 

Non-Governmental O r g a n i z a t i o n s  300 .O 110 .O 130.0 



There  a r e  o t h e r  p o s i t i v e  s i g n s .  Recent e s t i m a t e s  by t h e  World Bank 

i n d i c a t e  t h a t  o v e r  100 m i l l i o n  p e o p l e  have  b e n e f i t t e d  from t h e  p r o v i s i o n  

o f  w a t e r  s u p p l y  and s a n i t a t i o n  s o u r c e s  s i n c e  t h e  Decade s t a r t e d .  I n  o v e r  

80  c o u n t r i e s  n a t i o n a l  a c t i o n  commit tees  have been formed t o  s p e c i f i c a l l y  

conce rn  themse lves  w i t h  t h e  s e c t o r  and more t h a n  60 c o u n t r i e s  have  set 

s p e c i f i c  t a r g e t s ;  50 o f  them have p r e p a r e d  c o n c r e t e  p l a n s  o r  a r e  i n  t h e  

p r o c e s s  o f  d o i n g  s o .  T h e s t e e r i n g  Committee f o r  Co-opera t ive  Ac t ion  f o r  

t h e  Decade i s  d e v e l o p i n g  i n t o  a n  a c t i o n  s t i m u l a t i n g  body which by some is  

be ing  s e e n  as a good example o f  a d e q u a t e  c o - o r d i n a t i o n  among programmes 

o f  t h e  Uni ted Na t ions  O r g a n i z a t i o n s .  

The judgement o f  t h e  p r e s e n t  s t a t e - o f - a f f a i r s  depends on which q u e s t i o n s  

a r e  be ing  a s k e d .  The most i m p o r t a n t  ones  seem t o  be:  

e are b e t t e r  a p p r o a c h e s  be ing  d e v e l o p e d ,  l e a d i n g  t o  more l a s t i n g  and 

used f a c i l i t i e s ?  

e a r e  t h e  b e n e f i t s  o f  w a t e r  and s a n i t a t i o n  b e i n g  more a p p r e c i a t e d  and 

a r e  f a c i l i t i e s  more d e s i r e d  by t h e  peop le  conce rned?  

a do  t h e  c o u n t r i e s  assume more commitment r e g a r d i n g  w a t e r  an* 

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

do i n t e r n a t i o n a l  a g e n c i e s  and b i l a t e r a l  d o n o r s  t a k e  a n  i n c r e a s e d  

i n t e r e s t  i n  t h e  s e c t o r ?  

The o v e r a l l  a s s e s s m e n t  based on t h e  answers  w i l l  undoub ted ly  depend on 

who does  t h e  a s s e s s m e n t .  A p o i n t  o f  f a c t  i s  t h a t  t h e  answer  t o  a l l  

q u e s t i o n s  is ' y e s f ,  a l t h o u g h  ' y e s f  i n  v a r y i n g  d e g r e e s .  There pe rhaps  

l i e s  t h e  danger .  Developments and a c t i o n s  may show a p o s i t i v e  t r e n d ,  bu t  

maybe n o t  be  enough i n  t h e  l o n g  r u n .  The more r e a s o n  t o  f o r c e f u l l y  

b u i l d  on them. It is  up t o  a l l  o f  u s  whether  t h e  f i n a l  judgement w i l l  

l e a d  t o  a  s e l f f u l f i l l i n g  prophecy u p h i l l  o r  d o w n h i l l .  
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HYDROLOGICAL PROBLEMS IN THE WATER DECADE- 
WATERWISE PLANNING 

A. R. BERGEN 

ABSTRACT 

T h e a s p e c t s o f  t h e  h y d r o l o g i c a l  problems o f  t h e  Water Decade a r e  be ing  

d e t a i l e d  sub-sequen t ly  from s o u r c e  t o  consumer, t a k i n g  i n t o  accoun t  

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

To a r r i v e  t o  a c h o i c e  o f  s o u r c e ,  l o c a l  and r e g i o n a l  c h a r a c t e r i s t i c s  

s u c h  as c l i m a t o l o g y ,  e c o l o g y ,  s o c i e t y  s t r u c t u r e ,  morphology and 

geo logy  shou ld  be c o n s i d e r e d  t h o r o u g h l y .  

The h y d r o l o g i s t  s h o u l d  be a b l e  t o  make a n  educa ted  g u e s s  f o r  t h e  

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

t h a n  a b s o l u t e  h y d r o l o g i c a l  d a t a ,  which a r e  n o n - e x i s t e n t  o r  incomple te  

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

Due t o  s h o r t a g e  o f  a v a i l a b l e  f u n d s  (economic r e c e s s i o n )  and t h e  l a g g i n g  

behind o f  human r e s o u r c e s  development ,  a  p ragmat ic  a p p r o a c h  is be ing  

s u g g e s t e d  f o r  t h e  f i r s t  phase  o f  t h e  w a t e r  s u p p l y  i n  t h e  Th i rd  World, 

a c c o r d i n g  t o  a p p r o p r i a t e  ( 1 o c a l ) g u i d e l i n e s  and reduded s e r v i c e  

l e v e l ( s 1 ;  t h u s  r e d u c i n g  r e q u i r e d  i n v e s t m e n t  c o s t s .  

A t  l e a s t  o p e r a t i o n  and main tenance  o f  t h e  sys tem s h o u l d  be p a i d  by 

consumers ,  t o  p r e v e n t  d e t e r i o r a t i o n  o f  t h e  sys tem soon a f t e r  c o m p l e t i o n .  

The UN Water Decade i s  doomed t o  f a i l u r e ,  u n l e s s  a more c o s t - e f f e c t i v e  

approach  w i l l  be a c c e p t a b l e .  Th i s  s h o u l d  f i t  t h e  l o c a l  socio-economic 

a n d  h e a l t h  c i r c u m s t a n c e s ,  w h i l s t  s u f f i c i e n t  i n d i v i d u a l  domes t i c  

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



1  INTRODUCTION 

The o b j e c t i v e  o f  t h e  UN Water Decade 1981-1990 can  o n l y  be r e a l i z e d  i f  

t h e  Water Decade i s  r e f l e c t e d  i n  t h e  n a t i o n a l  development  p l a n s  o f  t h e  

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

Agencies  (IBRD, ADB, UNDP, e t c .  ) and t h e  donor  c o u n t r i e s .  

The h y d r o l o g i c a l  problems o f  t h e  Water Decade have  t o  be t r a c e d  back 

t o  n a t i o n a l  o r  even  l o c a l  c i r c u m s t a n c e s .  The n a t i o n a l  and l o c a l  

s i t u a t i o n s  c a n  be ve ry  d i v e r g e n t  b o t h  from t h e  view o f  h y d r o l o g i c a l  

( i n f r a l s t r u c t u r e  and h y d r o l o g i c a l  c h a r a c t e r i s t i c s .  

G e n e r a l l y  it c a n  be s a i d  t h a t  hydro logy  is t h e  b a s i s  f o r  e v e r y  form o f  

deve lopmen t ,  p e o p l e  s e t t l e  n e a r  w a t e r ,  h i g h e r  c o n c e n t r a t i o n s  o f  p e o p l e  

n e a r  r i v e r s .  Where t h e r e  a r e  p e o p l e  t b e r e  is w a t e r ,  where more p e o p l e  

s e t t l e ,  more w a t e r  is r e q u i r e d  t o  m a i n t a i n  t h e  l i v a b i l i t y .  

The h y d r o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  i n d i v i d u a l  ecosys t ems  i n v o l v e d ,  

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

o f  t h e  aims o f  t h e  Water Decade, 

Where is t h e  r e q u i s i t e  w a t e r  t o  be  f o u n d ?  The a v a i l a b i l i t y  s t i l l  p l a y s  

a c e n t r a l  r o l e .  According t o  t h e  d i s c h a r g e  f r e q u e n c y  c u r v e s  o f  t h e  

r i v e r  Rhine a t  b b i t h ,  t h e  d i s c h a r g e  i n  a  2% d r y  y e a r  ( approx .  
3 1000 m / s e c . )  would be a s u f f i c i e n t  q u a n t i t y  t o  c o v e r  t h e  f i r s t  phase  

o f  t h e  a d d i t i o n a l  r e q u i r e m e n t s  i n  t h e  whole T h i r d  World. 

Throughout t h e  wor ld  a s  a  whole  t h e r e  i s  s u f f i c i e n t  w a t e r  t o  meet 

human's need b u t  u n f o r t u n a t e l y  n o t  a lways  i n  t h e  r i g h t  p l a c e ,  a t  t h e  

r i g h t  t i m e  o r  i n  a d e q u a t e  q u a n t i t i e s .  

How can  t h e  l o c a l  a v a i l a b i l i t y  o f  w a t e r  be c o n t r o l l e d  s o  t h a t  t h e  n e e d s  

a r e  f u l l y  met i n  a  c o n t i n u o u s  s u p p l y ?  

I n  t h e  Western World,  t h e  a v a i l a b l e  w a t e r  is  p redominan t ly  u s e d  f o r  

a g r i c u l t u r e ,  i n d u s t r y  and p r o d u c t i o n  o f  ene rgy  and o n l y  a small 

p r o p o r t i o n  f o r  d o m e s t i c  p u r p o s e s .  I n  t h e  d e v e l o p i n g  c o u n t r i e s ,  most o f  

t h e  a v a i l a b l e  water is  used f o r  a g r i c u l t u r e ,  b u t  t h e  development  o f  



i n d u s t r y  is  e x t r e m e l y  i m p o r t a n t  i n  t h e  framework o f  economic s e l f -  

r e l i a n c e  ( s e e  F i g u r e  1 ) .  However d o m e s t i c  w a t e r s u p p l y ,  i n  s p i t e  o f  a 

s m a l l  p a r t  o f  t h e  t o t a l  need ,  is o f  e q u a l  i m p o r t a n c e .  

F i g u r e  1 Deve lopmen tpa t t e rn  o f  w a t e r  consumption 

Even i f  wa te r  is s c a r c e ,  t h e  d o m e s t i c  need f o r  d r i n k i n g ,  cook ing  and 

washing w i l l  a lways  have  t o  be m e t .  

The r e d i s t r i b u t i o n  o f  t h e  a v a i l a b l e  w a t e r  o r  f l s o c i a l i z a t i o n  o f  w a t e r "  

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

I have  chosen  t h e  f o l l o w i n g  scheme f o r  t h e  h y d r o l o g i c a l  problems o r  

t h e  Water Decade ( F i g u r e  2 ) .  

I n  t h i s  l e c t u r e  t h e  i n t e r - r e l a t i o n s h i p  between s o u r c e  and consumer 

as w e l l  a s  between consumer and s o u r c e  is  i l l u s t r a t e d  e x c l u s i v e l y  

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

For w a t e r s u p p l i e s  w e  r e a d  t h e  t a b l e  from s o u r c e  t o  consumer.  When 

c o n s i d e r i n g  t h e  s a n i t a t i o n  a s p e c t ,  a  s o u r c e  i s  c r e a t e d  a round  t h e  

consumer l e a d i n g  t o  w a s t e  w a t e r ,  d r a i n a g e  and a f t e r  w a s t e  w a t e r  

t r e a t m e n t  f i n a l l y  back t o  a  s o u r c e .  



The p r o v i s i o n  o f  w a t e r s u p p l i e s  and s a n i t a t i o n  is a  i t e r a t i v e  p r o c e s s  

f o r  t h e  p h y s i c a l  a s  w e l l  a s  f o r  t h e  non-phys ica l  a s p e c t s ;  we w i l l  

come back t o  t h a t  l a t e r .  

The a s p e c t s  o f  t h e  h y d r o l o g i c a l  problems o f  t h e  Water Decade w i l l  be 

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

scheme. 

HYDROLOGY m 
PRIORITY 

/ I WATERBALANCE I / 

F i g u r e  2 Wate rcyc le  

2 SOURCES 

Which s o u r c e s  a r e  l o c a l l y  o r  r e g i o n a l l y  a v a i l a b l e ?  

These  s o u r c e s  a r e  g i v e n  i n  T a b l e  1 .  

Tab le  1 S u i t a b l e  s o u r c e s  

URBAN SEMI-URBAN 

+ 

+ 
+ 
PM. 

RAIN WATER 

SURFACE WATER 

GROUND WATER 

SEA(BRACKIW)WATER 

RURAL 

+ 

+ 

+ 
- 

- 

+ 
+ 
PM. 



Rain w a t e r ,  i n  g e n e r a l ,  is p r o b a b l y  n o t  a d e q u a t e  a s  a  s o u r c e  f o r  u rban  ---------- 
w a t e r s u p p l i e s ,  a l t h o u g h  it c a n  be  used  t o g e t h e r  w i t h  o t h e r  s o u r c e s ,  

o r  as a r e a l  a l t e r n a t i v e  i n  r u r a l  o r  semi-urban a r e a s ,  when t h e r e  is a  

l a c k  o f  ground o r  s u r f a c e  w a t e r .  Rain w a t e r  s y s t e m s  a r e  more c o s t -  

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

communi t ies .  

S u r f a c e  wa te r  s y s t e m s  have some n e g a t i v e  p o i n t s  i f  u s e d  i n  r u r a l  ------------- 
s i t u a t i o n s .  These a r e  t h e  need f o r  t r e a t m e n t ,  o p e r a t i o n  and ma in tenance  

f u l l y  by s k i l l e d  p e r s o n n e l  and r e l a t i v e l y  c o s t l i e r  p e r  c u b i c  m e t r e .  

Groundwater i s  u n q u e s t i o n a b l y  p r e f e r a b l e  a s  a  s o u r c e  f o r  d r i n k i n g w a t e r  ----------- 
s u p p l i e s .  

Sea  o r  b r a c k i s h  w a t e r  is i n c l u d e d  f o r  t h e  r e c o r d ,  b u t  s h o u l d  be used  ..................... 
o n l y  w h i l s t  l a c k i n g  o t h e r  s o u r c e s .  

I n  g e n e r a l  it c a n  be s t a t e d  t h a t  d a t a  c o n c e r n i n g  r a i n f a l l ,  s u r f a c e  

w a t e r  d i s c h a r g e s  and g roundwate r  b e a r i n g  f o r m a t i o n s  a r e  e i t h e r  

n o n - e x i s t e n t  o r  i n c o m p l e t e  i n  a l l  d e v e l o p i n g  c o u n t r i e s .  A t  t h e  same 

t i m e ,  t h e  e f f o r t  and money r e q u i r e d  f o r  i n t e n s i v e  s t u d i e s  o r  d a t a  

c o l l e c t i o n  a r e  n o t  a v a i l a b l e .  A c h o i c e  o f  s o u r c e  must however be made 

w i t h i n  a r e a s o n a b l e  t i m e  s p a n ,  i n  o r d e r  t o  e n a b l e  t h e  r e a l i s a t i o n  o f  

p r o j e c t  imp lemen ta t ion  f o r  w a t e r s u p p l y  s y s t e m s ,  w i t h i n  r e a s o n a b l e  

p r o j e c t  p l a n n i n g  t i m e  s c a l e s .  To t h i s  e n d ,  t h e  h y d r o l o g i s t ,  t a k i n g  

i n t o  a c c o u n t  soc io -economica l ,  c u l t u r a l ,  i n s t i t u t i o n a l ,  l e g a l ,  

p o l i t i c a l  and e n v i r o n m e n t a l  f a c t o r s  w i l l  have  t o  make s y s t e m a t i c a l l y  

a  r a p i d  a n a l y s i s  o f  t h e  w a t e r  p rob lems  i d e n t i f i e ?  w i t h i n  a  d e f i n e d  

a r e a  and make recommendat ions  c o n c e r n i n g  t h e  s e l e c t i o n s o f  s o u r c e s .  

T h i s  s h o u l d ,  i f  p o s s i b l e ,  be f o l l o w e d  by a preliminary h y d r o l o g i c a l  

s u r v e y .  

I n f o r m a t i o n  from t h e  l o c a l  p o p u l a t i o n  and t h e i r  d i r e c t  involvement  

i n  p r o j e c t s  from t h e  b e g i n n i n g ,  i . e .  a "bottom-up" approach  w i l l  

s i m p l i f y  t h e  t a s k  o f  t h e  h y d r o l o g i s t .  P h i t o r i n g  and e v a l u a t i n g  t h i s  

i n f o r m a t i o n  w i t h  m o d i f i c a t i o n  where r e q u i r e d  w i l l  a l l o w  t h e  

h y d r o l o g i s t  t o  make t h e  r i g h t  c h o i c e  o f  s o u r c e  ( e d u c a t e d  g u e s s ) .  
Depending on t h e  s c a l e  o f  t h e  w a t e r s u p p l y  s y s t e m ,  t h e  i n v e s t m e n t s  



i n v o l v e d  and h a v i n g  made t h e  c h o i c e  between s u r f a c e  w a t e r  o r  ground-  

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

Any t r e a t m e n t  and i n t a k e  works  c o n s t r u c t e d ,  i n  most c a s e s ,  need t o  be 

d e s i g n e d  t o  meet t h e  w a t e r  demands o f  t h e  p o p u l a t i o n  f o r  t h e  n e x t  

10-15 y e a r s ,  i n i t i a l  c o s t s  b e i n g  h i g h .  

However f o r  a  normal  g roundwate r  sys t em a more phased approach  c a n  be  

used  f o r  i n v e s t m e n t  w i t h  p h a s e s  o f  1 ,  2 o r  3 y e a r s .  T h e r e f o r e  t h e  

c h o i c e  o f  s u r f a c e  w a t e r  a s  a  s o u r c e  a p p e a r s  t o  be  open t o  m i s t a k e s ,  

more p rone  t o  m o d i f i c a t i o n s  e t c .  

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

f o r  s u r f a c e  w a t e r  a s  a s o u r c e .  

To a r r i v e  a t  a c h o i c e  o f  s o u r c e ,  t h e  f o l l o w i n g  l o c a l  and r e g i o n a l  

c h a r a c t e r i s t i c s  w i l l  have t o  be c o n s i d e r e d :  ( s e e  F i g u r e  3 )  

* c l i m a t o l o g y  

* eco logy  

* s o c i e t y  s t r u c t u r e  

* morphology 

* g e o l o g y .  

WATER SUPPLY 

F i g u r e  3 Scheme o f  t h e  h y d r o l o g i c a l  problems 



2.1 Cl imatology 

The b a s i c  w a t e r  r e s o u r c e  i s  r a i n .  In humid a r e a s  t h e  v a r i a t i o n s  i n  

q u a n t i t y  and t i m e  is small i n  compar ison w i t h  t h a t  o f  t h e  a r i d  a r e a s .  

The v a r i a t i o n  i n  mean y e a r l y  r a i n f a l l  makes s t a t i s t i c a l  a n a l y s i s  o f  

r a i n f a l l  d a t a  a l m o s t  i m p o s s i b l e  i n  d r y  a r e a s .  

The mean a n n u a l  r a i n f a l l  v a r i e s  f rom 500 t o  1500 mm. For t h e  Saha ra1  

r e g i o n  t h e  r a i n f a l l  i s  norma l ly  below 500 mmlyear: ( f rom 1968-1973 t h e  

r a i n f a l l  v a r i e d  from 100 t o  600 mm p e r  y e a r ,  which c a u s e d  e x c e s s i v e  

d r y i n g  i n  t h e  a r e a  ).  

I n  o t h e r  a r e a s  o f  t h e  world  t h e r e  may be no r a i n  a t  a l l  f o r  one o r  

more y e a r s .  On t h e  o t h e r  hand,  a r e a s ,  where r a i n f a l l  i s  e x c e s s i v e  

d u r i n g  a  few months  e a c h  y e a r ,  a r e  f l o o d e d  e . g .  Ganges,  Indus  and 

Mekong d e l t a s  i n  Asia. 

With t h e s e  two e x t r e m e s ,  t h e  p o s s i b i l i t y  o f  u s i n g  t h e  r a i n w a t e r  a s  a  

s o u r c e  is  l i m i t e d .  I n  some a r i d  a r e a s  w i t h  h i g h  t e m p e r a t u r e s  and 

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

r a i n f a l l .  

I n  Lac d e  Gu ie r s  i n  S e n e g a l ,  t h e r e  is  a  t o t a l  d e p t h  o f  w a t e r  o f  3  m 

o f  which 1; m e t r e s  e v a p o r a t e s  e a c h  y e a r .  

A s  t h e  bottom o f  t h e  l a k e  is  c o v e r e d  w i t h  one me te r  o f  s i l t ,  o n l y  

0 , 5  m o f  w a t e r  r ema ins  a v a i l a b l e  a s  a  w a t e r  s o u r c e  f o r  Dakar.  

2 . 2  Geology /morphology 

The h y d r o l o g i c a l  p rob lems  o f  a n  a r e a  a r e  c l o s e l y  r e l a t e d  t o  i t s  

g e o l o g i c a l ,  g e o h y d r o l o g i c a l  and h y d r o g e c l o g i c a l  s t r u c t u r e s ,  from s o f t  

r o c k ,  l i m e s t o n e  ( k a r s t )  t o  h a r d  r o c k ,  c o a s t a l  p l a i n s  t o  mounta in  

r e g i o n .  

Although d u r i n g  t h e  t r a i n i n g  o f  Dutch h y d r o l o g i s t s  and h y d r o g e o l o g i s t s ,  

a l l  t h e s e  a s p e c t s  a r e  be ing  s t u d i e d ,  i n  a  broad s p e c t r u m ,  t h e r e  is 

g e n e r a l l y  l i t t l e  empha-i-s on p r a c t i c a l  e x p e r i e n c e  i n  t h e  f i e l d  a p a r t  

from i n  s o f t  r o c k  e n g i n e e r i n g .  Even i n  s o f t  r o c k  a r e a s  t h e  g e o l o g i c a l  



s i t u a t i o n  c a n  be v e r y  d i f f e r e n t  f rom what we a r e  u s e d  t o  i n  o u r  d e l t a  

a r e a s ,  f o r  example due  t o  t h e  p r e s e n c e  o f  a  l o t  o f  silt and c l a y ,  

t o g e t h e r  w i t h  salt  ( b r a c k i s h ) - f r e s h  g roundwate r .  

Likewise  i n  v o l c a n i c  a r e a s ,  t h e r e  a r e  o f t e n  c o n s i d e r a b l e  amounts 

o f  heavy m e t a l s  i n  t h e  s u b - s o i l ,  which w i l l  be  a p p a r e n t  i n  g roundwate r  

a n a l y s i s .  

Also a  h i g h  f l u o r i d e  c o n t e n t  i n  g roundwate r  i s  q u i t e  normal .  

I n  The N e t h e r l a n d s ,  a p a r t  f rom l o c a l i s e d  s o i l  p o l l u t i o n ,  o n l y  i r o n ,  

manganese ammonia, c h l o r i d e s  e t c .  a r e  r e c o g n i z e d  wi th in  t h e  g roundwate r .  

Also because  o f  bu i ld -up  i n  s u r f a c e  d r a i n s ,  t h e r e  a r e  f a c t o r s  tb which 

we a r e  unaccustomed and t h e  h y d r o l o g i s t  i s  f a i l e d  o r  u n a b l e  t o  f i n d  

a  s o l u t i o n .  

The h y d r o g r a p h i c  p a t t e r n  o f  f l o o d  s t r e a m s  c a n  compr i se  peaks  and 

ex t r eme  s e a s o n a l  e f f e c t s .  Consequent ly  t h e  h y d r o l o g i s t  i s  u s i n g  

c a l c u l a t e d  g u e s s  work r a t h e r  t h a n  a b s o l u t e  d a t a .  

The h y d r o l o g i s t  s h o u l d  be a b l e  t o  make a n  e d u c a t e d  g u e s s  o r  u s i n g  

a p p r o p r i a t e  a l g o r i t h m s .  

2 - 3  Ecology 

The l o c a l ,  r e g i o n a l  and i n t e r n a t i o n a l  eco logy  is  a f f e c t e d  by bo th  

n a t u r a l  phenomena and a l s o  by human's a c t i v i t i e s .  

S o i l  e r o s i o n  h a s  e x t r e m e l y  i n c r e a s e d  i n  t h e  S a h e l  due t o  t h e  d r o u g h t ;  

t h i s ,  i n  t u r n ,  l e a d s  t o  t h e  f o r m a t i o n  o f  d e s e r t s .  The p r o c e s s  i s  

speeded  up by l a r g e  s c a l e  programmes f o r  w e l l  b o r i n g .  The p r e v i o u s l y  

nomadic p e o p l e  r ema in  c l o s e  t o  t h e  w e l l s  f o r  l o n g e r  p e r i o d s  c a u s i n g  

o v e r - p o p u l a t i o n  and o v e r - g r a z i n g .  Exhaus t ion  and e r o s i o n  o f  t h e  s o i l  

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

T r o p i c a l  r a i n  f o r e s t s  gove rn  e c o l o g i c a l  c o n d i t i o n s  on  a  w o r l d ' s  s c a l e .  

The e c o l o g i c a l  b a l a n c e  is t h e r e f o r e  t h r e a t e n e d  by d e f o r e s t a t i o n  d u e  t o  

u n c o n t r o l l e d  f e l l i n g  o f  t r e e s ,  a  consequence o f  t + -  i n c r e a s e  i n  

p o p u l a t i o n  and t h e  c o r r e s p o n d i n g  i n c r e a s e  i n  demand f o r  f o o d ,  wood f o r  



f u e l  and c h a r c o a l  ( ene rgy  s u p p l i e s )  

It is e s t i m a t e d  t h a t  i n  t h e  y e a r  2000 h a l f  o f  t h e  w o r l d ' s  f o r e s t s  

w i l l  have  d i s a p p e a r e d .  

In  i n d u s t r i a l i z e d  a r e a s  t h e  f o r e s t s  a r e  c o n t i n u o u s l y  t h r e a t e n e d  by 

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

w a t e r ,  f l o o d i n g  o f  r i v e r s  and r e d u c t i o n  o f  r a i n  w a t e r  i n f i l t r a t i o n  

i n t o  unde r  g r o u n d - s t r a t a .  

M a t e r i a l s  wich have a d e t r i m e n t a l  o r  dange rous  e f f e c t  on  t h e  p o p u l a t i o n  

o r  t h e  env i ronmen t ,  c a n  be f r e e l y  e x p o r t e d  t o  many d e v e l o p i n g  

c o u n t r i e s .  Due t o  l a c k  o f  a l t e r n a t i v e s ,  and i n  t h e  a b s e n c e  o f  good 

a g r i c u l t u r a l  t e c h n i q u e s ,  t h e  f a r m e r  is f o r c e d  t o  u s e  them and is l e f t  

w i t h  t h e  e n s u i n g  n e g a t i v e  c o n s e q u e n c e s .  

It i s  e s t i m a t e d  t h a t  e a c h  y e a r  900,000 p e o p l e  a r e  po i soned .  

Fur the rmore ,  t h e s e  s u b s t a n c e s ,  depend ing  on t h e i r  p e r s i s t a n c e ,  

p e r c o l a t e  t h r o u g h  t h e  s u b - s o i l  t o  c o n t a m i n a t e  t h e  g roundwate r  and v i a  

d r a i n a g e ,  t h e  s u r f a c e  w a t e r .  The u s e  o f  f e r t i l i z e r s ,  f o r  example ,  i n  

d e v e l o p i n g  c o u n t r i e s  i s  a l a r m i n g l y - ( I n  1975 14 m i l l i o n  t o n s  were used  

and t h e  e s t i m a t e  f o r  1990 is  4 8  m i l l i o n  t o n s . )  

2  -4  S o c i e t y  s t r u c t u r e  

The t endency  t o  u r b a n i z a t i o n  o f  t h e  w o r l d ' s  p o p u l a t i o n  (now 4O%, 

and e s t i m a t e d  a t  50% i n  t h e  y e a r  2 0 0 0 )  is p a r t i c u l a r l y  n o t i c e a b l 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 .  

I n  t h e  y e a r  2000 i t  i s  p r e d i c t e d  t h a t  t h e r e  w i l l  be a t  l e a s t  18 c i t i e s  

w i t h  p o p u l a t i o n s  o f  o v e r  10 m i l l i o n .  (Mexico C i t y  w i t h  30 m i l l i o n  and 

Tokyo and Sao Paulo  w i t h  26 m i l l i o n  a p p e a r  t o  be t h e  l a r g e s t  c i t i e s  

by p r e d i c t i o n .  ) 

I n c r e a s i n g  u r b a n i z a t i o n  p o s e s  many p rob lems  f o r  t h e  env i ronmen t  a s  

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

w a t e r  w i t h  t h e  c o n s e q u e n t  p o l l u t i o n  o f  s u r f a c e  w a t e r .  T h i s  w i l l  be 

s e r i o u s l y  d e t r i m e n t a l  t o  t h e  env i ronmen t .  



W r e  c o m p l i c a t e d  t r e a t m e n t  f o r  d r i n k w a t e r  and w a s t e  w a t e r  sys t ems  w i l l  

demand h i g h  i n v e s t m e n t  c o s t s .  A t  p r e s e n t  a p p r o x i m a t e l y  10 m i l l i o n  

c u b i c  m e t r e s  o f  w a t e r  a r e  s u p p l i e d  d a i l y  t o  u r b a n  a r e a s  i n  I n d i a .  

I n  t h e  y e a r  2000 39 m i l l i o n  c u b i c  m e t r e s  o f  w a t e r  w i l l  be r e q u i r e d  

e a c h  d a y .  A heavy demand on  w a t e r s o u r c e s  is  i n e v i t a b l e .  For example  i n  

J a k a r t a ,  t h e  g roundwate r  t a b l e  h a s  been lowered  by more t h a n  10 m e t r e s  

i n  t h e  p a s t  10 y e a r s .  

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

i n v o l v e d  w i t h  h y d r o l o g i c a l  p rob lems  w i t h o u t  a d e q u a t e  l e g a l  o r  c o n t r o l l i n g  

measures .  P u b l i c  Works, Water r e s o u r c e s ,  Agriculture, I r r i g a t i o n ,  H e a l t h  

e t c . :  a l l  w i t h  t h e i r  own p o l i t i c a l  v i ews  and c o n f l i c t i n g  i n t e r e s t s .  

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

t h a t  h e  o f t e n  h a s  t o  d e a l  w i t h  d e c e n t r a l i z e d  government  a g e n c i e s  a t  

n a t i o n a l ,  p r o v i n c i a l  and l o c a l  l e v e l s .  

The u n s t a b l e  p o l i t i c a l  s i t u a t i o n  i n  some d e v e l o p i n g  c o u n t r i e s  c a n  have 

a n  a d v e r s e  e f f e c t  on  p r o j e c t  p l a n n i n g .  

The problems w i t h  t h e  a v a i l a b i l i t y  o f  measur ing  d a t a  and i n f o r m a t i o n  

h a s  been ment ioned p r e v i o u s l y .  

3  POLICY 
Which p o l i c i e s  a r e  f o l l o w e d  i n  r e s p e c t i v e  c o u n t r i e s ?  

S i n c e  t h e  Uni ted  Na t ions  Conference on  Water i n  1977 a t  Mar-del -Pla ta  

and t h e  s u b s e q u e n t  i n a u g u r a t i o n  o f  t h e  Water Decade i n  November 1980 ,mos t  

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

o f  t h e  Water Decade. However what have  a l l  t h e  c o u n t r i e s  i n v o l v e d  

a c t u a l l y  done t o  r e a l i s e  t h e s e  o b j e c t i v e s ?  

An i m p o r t a n t  f i r s t  s t e p  must be t h e  e s t a b l i s h m e n t  o f  N a t i o n a l  Ac t ion  

Committees (NAC). By t h e  f i r s t  o f  J u l y  1981 t h e r e  were  commi t t ees  o f  

t h i s  k i n d  i n  48 d e v e l o p i n g  c o u n t r i e s .  The r e m a i n i n g  5 h  c o u n t r i e s  checked 

had a t  t h a t  s t a g e  no s u c h  commi t t ee .  Another i m p o r t a n t  p o i n t  i s  t h a t  

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

o r g a n i z a t i o n a l  and  i n s t i t u t i o n a l  a s p e c t s  t o  promote  a  n a t i o n a l  p o l i c y  

f o r  d r i n k i n g  w a t e r  and s a n i t a t i o n .  



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

t h e  many d e v e l o p i n g  c o u n t r i e s  is  s h a r e d  by d i v e r s  M i n i s t r i e s .  

A u t h o r i t y  is a l s o  o f t e n  d e l e g a t e d  t o  lower  government  a g e n c i e s  and 

o t h e r  r e l a t e d  i n s t i t u t i o n s .  

In o r d e r  t o  u n d e r t a k e  l o n g  t e rm p l a n n i n g  and e x e c u t i o n  o f  l a r g e  s c a l e  

w a t e r s u p p l y  and s a n i t a t i o n p r o g r a m m e s ,  it would a p p e a r  t h a t  t h e  o v e r a l l  

r e s p o n s i b i l i t y  s h o u l d  be r e s t e d  i n  o n e  m i n i s t r y  o r  i n s t i t u t i o n ,  which h a s  

t h e  a u t h o r i t y  and n a t i o n a l  r e c o g n i t i o n  t o  make d e c i s i o n s  which w i l l  

f a c i l i t a t e  t h e  e f f i c i e n t  imp lemen ta t ion  o f  any programme o r  p r o j e c t .  

G e n e r a l l y  s p e a k i n g  a t  t h i s  p o i n t  t h e  h y d r o l o g i s t  is  p l a c e d  i n  t h e  

i n v i d i o u s  p o s i t i o n  o f  h a v i n g  t o  change  h i s  recommendat ions  due t o  t h e r e  

b e i n g  no one o v e r a l l  c o n t r o l l i n g  o r g a n i z a t i o n  b u t  many, w i t h  c o n f l i c t i n g  

i n t e r e s t s .  

S e c t o r  P lann ing  s h o u l d  on t h e  one  hand f i t  t h e  r e q u i r e m e n t s  o f  n a t i o n a l  

and r e g i o n a l  government  f o r  macro-economical p l a n n i n g , w h i l s t  on t h e  

o t h e r  hand f i t  t h e  s e c t o r  p l a n n i n g  n e e d s .  

I n  p r a c t i s e ,  s e c t o r  p l a n n i n g  is  o f t e n  a  c o m p i l a t i o n  o f  p r o j e c t s ;  b u t  

s h o u l d  be more a coun t ry -wise  s e c t o r  deve lopmen t .  

Opera t ion  and ma in tenance  p r o c e d u r e s  on completed p r o j e c t s  a r e  some 

what l a c k i n g  and v e r y  o f t e n  t h e s e  non-phys ica l  a s p e c t s  a r e  n e g l e c t e d  

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

A g r e a t  d e a l  o f  a t t e n t i o n  must be g i v e n  t o  manpower t r a i n i n g  and 

development  i n  o r d e r  t o  a v o i d  t h e  s i t u a t i o n  where  w a t e r s u p p l y  s y s t e m s  

b r e a k  down f a s t e r  t h a n  new s y s t e m s  a r e  i n s t a l l e d ,  due  t o  poor  

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

It would a p p e a r  t h a t  manpower development  and t r a i n i n g  is i m p o r t a n t  

i n  e v e r y  p r o j e c t  i n  e v e r y  s e c t o r ,  e s p e c i a l l y  f o r :  

- governmen ta l  o r g a n i z a t i o n s  

- w a t e r  e n t e r p r i s e s  



- l o c a l  c o n s u l t a n t s  

- m a t e r i a l  s u p p l i e r s  

- m a n u f a c t u r e r s  

- c o n t r a c t o r s  

- non-governmental  o r g a n i z a t i o n s  (NGO). 

Regarding t h e  r u r a l  w a t e r  s u p p l y  a r e a s ,  it is p r e s e n t l y  proposed t o  

c o n c e n t r a t e  a s  a  p r i o r i t y  a r e a ,  on t h e  r e a l  w a t e r  u s e r s  i . e .  t h e  women- 

f o l k  who a r e  r e s p o n s i b l e  f o r  t h e i r  f a m i l y ' s  w a t e r s u p p l y .  

The women a p p e a r  t o  be g r e a t l y  conce rned  w i t h  t h e  e f f i c i e n c y  o f  r u r a l  

w a t e r  i n s t a l l a t i o n s .  

It may be c o n c l u d e d ,  h a v i n g  r ev iewed  many d e v e l o p i n g  c o u n t r i e s ,  

t h a t  no c o n s i s t e n t  p o l i c y  e x i s t s  f o r  che i m p l e m e n t a t i o n  o f  t h e  

o b j e c t i v e s  o f  t h e  Uni ted  Na t ions  Water Decade. 

4 PRIORITY 

Which p r i o r i t i e s  a r e  b e i n g  l a i d  down, and which s h o u l d  be l a i d  

down ? 

The main i s e r s  o f  w a t e r  have a l r e a d y  been men t ioned :  

- a g r i c u l t u r e  

- i n d u s t r y  

- ene rgy  p r o d u c t i o n  

- d i n k i n g w a t e r  s u p p l i e s .  

Which s e c t o r s  s h o u l d  be g i v e n  p r i o r i t y ,  i . e .  t o  which s e c t o r  s h o u l d  t h e  

prime s o u r c e s  i n  t h e  a r e a  be a l l o c a t e d ,  i f  t h e r e  is a s h o r t a g e  o f  

w a t e r ?  

In p r a c t i s e ,  t h e r e  i s  no ba lanced  p r i o r i t y  f o r m u l a .  

P o l i t i c i a n s  t e n d  t o  g i v e  p r i o r i t y  t o  t h e  a r e a  where  most v o t e s  c a n  be 

won. Even a r e a s  w i t h  d e s p a r a t e l y  u r g e n t  h e a l t h  p rob lems  ( such  a s  

e p i d e m i c s )  a r e  n o t  a lways  g i v e n  h i g h  p r i o r i t y .  

I f  f u n d s  f-r development  a r e  s c a r c e ,  a t t e m p t s  f o r  g r a d u a l  improvement 

o f  w a t e r s u p p l i e s  f o r  a s  many p e o p l e  as p o s s i b l e  on  a  c o s t - e f f e c t i v e  



b a s i s  must be made. 

Donor c o u n t r i e s  and i n t e r n a t i o n a l  i n s t i t u t i o n s  o f t e n  g i v e  p r e f e r e n c e  

t o  p a r t i c u l a r  s e c t o r s  and t h e r e f o r e  c a n  keep  t h e  l o c a l  c o n t r i b u t i o n  

t o  t h i s  s e c t o r  a t  a  r e a s o n a b l e  l e v e l ;  due  t o  i n f l a t i - ?  d u r i n g  t h e  

implemen ta t ion  p e r i o d  however,  l o c a l  c o n t r i ~ u t i o n  c o v e r s  v e r y  o f t e n  

t h e  g r e a t e r  p a r t  o f  e x p e n d i t u r e  on  w a t e r  

Most r e s i s t a n c e  t o  t h e  u s e  o f  g roundwate r  a s  a  s o u r c e  f o r  domes t i c  

w a t e r s u p p l i e s  comes f rom t h e  a g r i c u l t u r a l  s e c t o r .  

One must r e a l i s e  t h a t  man can  s u r v i v e  

- 5 m i n u t e s  w i t h o u t  a i r  

- 5 d a y s  w i t h o u t  w a t e r ,  and 

- 50 days  w i t h o u t  food  

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

above  a g r i c u l t u r e .  

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

recommendation i s  g i v e n :  

a s h o r t  t e r m :  a )  g r o u n d w a t e r ,  i f  d a t a  a r e  a v a i l a b l e ;  ----------- 
b )  s u r f a c e  w a t e r ;  

e l o n g  t e r m  : a )  g r o u n d w a t e r :  i n v e s t i g a t e  g roundwate r  p o t e n t i a l s  ----------- 
t h r o u g h  ex tended  g roundwate r  r e s o u r c e s  s u r v e y s ;  

b )  s u r f a c e  w a t e r ;  c o l l e c t  measur ing  d a t a  e t c .  

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

s a n i t a t i o n  i s  a  r e s u l t  o f :  

* development  o f  o t h e r  s e c t o r s ,  t o  o b t a i n  c o n s i s t a n t  i n t e g r a t e d  

development  o f  t h e  a r e a ;  

* r u r a l  v e r s u s  u r b a n  development  i n s t e a d  o f  b a l a n c e d  r e g i o n a l  

development ;  

* s h o r t a g e  o f  f u n d s  f o r  development ;  

* socio-economic and c u l t u r a l  f a c t o r s ;  c a n  t h e  consumer pay f o r  t h e  

s e r v i c e  and d o e s  h e  want t o  g i v e  p r i o r i t y  t o  h e l p i n g  t h e  

development  o f  t h e  s e r v i c e ?  

* s h o r t a g e  o f  t e c h n i c a l  and h y d r o l o g i c a l  i n f o r m a t i o n ;  



* s h o r t a g e  o f  ( an  ) i n s t i t u t i o n a l  o r g a n i z a t i o n  (s ); 

* s h o r t a g e  o f  t r a i n e d  p e r s o n n e l / s k i l l e d  manpower. 

QUANTITY 

What q u a n t i t i e s  a r e  we c o n s i d e r i n g  and what a r e  t h e  consequences  

o f  t h e s e  d e c i s i o n s ?  

I n  i n d u s t r i a l i z e d  c o u n t r i e s  t h e  w a t e r  consumption p e r  c a p i t a  p e r  day 

l i e s  between 100 and 500 l i tres.  The consumption p e r  c a p i t a  p e r  day  

i n  t h e  d e v e l o p i n g  c o u n t r i e s  l i e s  between 5  and 200 l i t r e s ,  debending on 

t h e  l o c a l  c i r c u m s t a n c e s  and t h e  w a t e r s u p p l y  sys t em ( r u r a l  o r  u r b a n ) .  

(For  p u b l i c  h y d r a n t s ,  5-40 l i t r e s  and yard-and house  c o n n e c t i o n s  

30-200 l i t r e s . )  I n  g e n e r a l ,  t h e s e  q u a n t i t i e s  a r e  n o t  e n s u r e d  d a i l y ,  

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

o f  w a t e r  o c c u r s  i n  t h e  s y s t e m ,  one  o r  more s u p p l y  a r e a s  a r e  b e i n g  

c u t  down f o r  some h o u r s  and somet imes  f o r  some d a y s .  

Th i s  d e s i g n e d  c a p a c i t y  f o r  consumpt ion  is  p r i m a r i l y  l i m i t e d  by t h e  

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

a v a i l a b l e  f o r  t h e  c o n s t r u c t i o n  o f  wa te rqupp ly  s y s t e m s .  

The a b i l i t y  and t h e  w i l l i n g n e s s  o f  t h e  consumers  t o  pay a t  l e a s t  f o r  

o p e r a t i o n  and ma in tenance  o f  t h e  sys t em s h o u l d  a l s o  be a  l i m i t i n g  

f a c t o r .  Because ,  i f  o p e r a t i o n  and ma in tenance  i s  n o t  e n s u r e d  by t h e  

c o n t r i b u t i o n  o f  t h e  consumers ,  t h e  sys t em w i l l  d e t e r i o r a t e  soon and  

b e g i n  o u t  o f  o r d e r  a f t e r w a r d s .  The i n s t a l l a t i o n  o f  s e w a g e / d r a i n a g e  

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

The World Bank h a s  d e s i g n e d  a l g o r i t h m s  f o r  t h e  c h o i c e  o f  s a n i t a t i o n  

t e c h n i q u e s  f o r  p i t  l a t r i n e s ,  s e p t i c  t a n k s  o r  s ewerage  s y s t e m s ,  

depend ing  on t h e  u s e  o f  more o r  l e s s  t h a n  50 l i t r e s  p e r  c a p i t a  p e r  d a y .  

QUALITY 

What q u a l i t y  o f  w a t e r  must be d e l i v e r e d  t o  t h e  consumer?  

The WHO q u a l i t y  g u i d e l i n e s  were  chosen  a s  s t a r t i n g  p o i n t s  f o r  t h e  

UN Water Decade. 



The b e l i e f  t h a t  s t a n d a r d s  shou ld  be lowered  a c c o r d i n g  t o  l o c a l  

c i r c u m s t a n c e s  and t h a t  t w i c e  t h e  number o f  s y s t e m s  s h o u l d  be 

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

Why s h o u l d  one  a d h e r e  t o  t h e  g u i d e l i n e s  o f  0 , 0 0  ... m g l l  o r  0.  

E.-Coli1100 m l ,  when t h e  l o c a l  p o p u l a t i o n  i n  d e v e l o p i n g  c o u n t r i e s  is  

used  t o  b o i l  t h e i r  d r i n k i n g  w a t e r  anyway, o r  c o u l d  be  t a u g h t  t o  do s o ?  

Due t o  d i r t y  b u c k e t s  t o  f e t c h  t h e  w a t e r  from t h e  p u b l i c  h y d r a n t s ,  

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

t h e  s u p p l y  sys t em c a u s i n g  c o n t a m i n a t i o n ,  one s h o u l d  a d m i t  t h a t  t h e  

b a c t e r i o l o g i c a l  q u a l i t y  o f  t h e  w a t e r  a t  t h e  consumers ,  i s  f a r  l ower  

t h a n  t h a t  d e l i v e r e d  f rom t h e  pumping s t a t i o n .  The Water ~ e c a d e '  

u n f o r t u n a t e l y  h a s  c o i n c i d e  w i t h  a  world  wide economic r e c e s s i o n  and 

i f  one  c l i n g s  t o  e x i s t i n g  WHO g u i d e l i n e s ,  i s  l i a b l e  t o  be a  f a i l u r e .  

It is t h e r e f o r e  l o g i c a l  p r a g m a t i c  t o  work t o  lower  y e t  recommended 

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

economic and h e a l t h  s i t u a t i o n .  I n  I n d o n e s i a ,  t h e  d i s t i n c t i o n  between 

t h e  s u p p l y  o f  I I A i r  B e r s i h "  ( c l e a n  w a t e r )  and " A i r  Minumrl ( d r i n k i n g -  

w a t e r )  is a l r e a d y  c l e a r l y  u n d e r s t o o d .  

The emphasis  on m a i n t a i n i n g  q u a l i t y  s h o u l d  be d i r e c t e d  t o  t h e  w a t e r  

e n t e r p r i s e s  and t o  t h e  consumers  a s  w e l l ,  by h e a l t h  e d u c a t i o n  

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

and h e a l t h  e d u c a t i o n ) .  

B e s i d e s  a t t e n t i o n  f o r  a n  a p p r o p r i a t e  w a t e r q u a l i t y  t h e  a im shou ld  a l s o  

be t o  p r o v i d e  enough w a t e r  f o r  b a t h i n g  and p e r s o n a l  h y g i e n e ,  t h u s  

r e d u c i n g  t h e  i n c i d e n c e  o f  w a t e r  washed,  such  a s  food-borne ,  eye  and 

s k i n  d i s e a s e s  and r o a d s  f o r  p a t h o g e n s .  

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

For example ,  from a  p o i n t  o f  v iew o f  o p e r a t i o n  and m a i n t e n a n c e ,  which 

is v e r y  o f t e n  n e g l e c t e d  i n  d e v e l o p i n g  c o u n t r i e s ,  i t  migh t  b e  c o n s i d e r e d  

t o  s u p p l y  s l i g h t l y  a g r e s s i v e  w a t e r ,  which h e l p s  t o  keep  t h e  d i s t r i b u t i o n  

s v s t e -  c l e a n .  



CONSUMER 

Beg inn ing  w i t h  t h e  consumer ,  u s i n g  t h e  i t e r a t i v e  p r o c e s s  f rom 

s o u r c e  t o  q u a l i t y ,  t h e  n e c e s s a r y  l i m i t a t i o n s  c a n  be  i d e n t i f i e d .  

In t h e  midd le  o f  t h e  6 0 ' s  w i t h  t h e  s e t t i n g  up o f  P k s t e r p l a n  and 

f e a s i b i l i t y  s t u d i e s  it h a s  been a t t e m p t e d  w i t h  s o c i o l o g i c a l  and economic 

s t u d i e s  t o  be  a s  a c c u r a t e  as p o s s i b l e  w i t h  t h e  r e q u i r e m e n t s  o f  t h e  

consumer ,  t h e  development  o f  w a t e r n e e d s  o v e r  a  p e r i o d  o f  t i m e  and t h e  

a b i l i t y  t o  pay f o r  t h e  w a t e r  ( a  t a i l o r e d  a p p r o a c h ) .  

P r e s e n t l y  i n  some d e v e l o p i n g  c o u n t r i e s ,  I n d o n e s i a  among o t h e r s ,  t h e  

f i r s t  phase  o f  w a t e r s u p p l y  development  is based on a  s t a n d a r d  approach  - 
t h e  B a s i c  Needs Approach. 

For I n d o n e s i a ,  t h e  Bas ic  Needs Approach is a s  f o l l o w s :  

* a t  maximum 60% o f  t h e  p o p u l a t i o n  i n  t h e  a r e a  w i l l  be  s u p p l i e d  

w i t h  w a t e r ;  

* a v e r a g e  consumption is 60 l / c . d a y  f o r  househo ld  c o n n e c t i o n s  

and 30 l / c . d a y  f o r  p u b l i c  h y d r a n t s ;  

* t h e  r a t i o  o f  house  c o n n e c t i o n s  t o  p u b l i c  t a p s  is 1  : l ;  

* s t a n d a r d  i n c r e a s e s ,  pe rcen tage -wise  f o r  i n d u s t r i e s / c o m m e r c i a 1  

consumption and l o s s e s  t h r o u g h  l e a k a g e .  

A f t e r  hav ing  de te rmined  t h e  s t a n d a r d i z e d  w a t e r  demand, t h e  c h o i c e  o f  

s o u r c e  h a s  t o  be made q u i c k l y  and t h e  p r o j e c t  implemented i n  a 

r e l a t i v e l y  s h o r t  t i m e  p e r i o d .  The s t a n d a r d  a p p r o a c h  f a c i l i t a t e s  f i rs t  

phase  d e s i g n s ,  c o s t  e s t i m a t e s  and b u d g e t t i n g ,  o r d e n i n g  o f  p i p e s ,  

a c c e s s o r i e s  and equ ipmen t ,  c h e c k i n g  o f  d e s i g n s  and s u p e r v i s i o n .  

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

d e s i g n ,  t endency  and i m p l e m e n t a t i o n .  I n  t h i s  way t h e r e  is a n  a p p a r e n t  

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

Combinat ions  o f  s e r v i c e  l e v e l  a g a i n s t  d a i l y  w a t e r  u s e  p e r  c a p i t a  a r e  

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

I n  t h e  West a 100% l e v e l  o f  s e r v i c e  is  e x p e c t e d :  

* s u f f i c i e n t  w a t e r  must be a v a i l a b l e  24 h o u r s  p e r  day ;  

* t h e r e  must be s u f f i c i e n t  p r e s s u r e ;  

* t h e  q u a l i t y  o f  t h e  w a t e r  must be up t o  WHO g u i d e l i n e s ,  i .e. 

d r i n k a b l e  from t h e  t a p .  

It s h o u l d  be ment ioned t h a t  i n  many Western c o u n t r i e s  t h e  100% s e r v i c e  

l e v e l ,  p a r t i c u l a r l y  r e g a r d i n g  t h e  q u a l i t y ,  is n o t  r e a c h e d .  I n  c o u n t r i e s  



s u c h  a s  S p a i n ,  Sou the rn  F rance ,  I t a l y ,  Greece e t c . ,  t h e  w a t e r  a t  t h e  t a p  

is c e r t a i n l y  n o t  a l d a y s  r e l i a b l e  d r i n k i n g w a t e r .  Why s h o u l d  t h a t  be t h e  

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

i n  d e v e l o p i n g  c o u n t r i e s  i n  t h e  framework o f  t h e  Water Decade? 

According t o  common p r a c t i c e  i n  d e v e l o p i n g  c o u n t r i e s ,  l e s s  w a t e r  is 

b e i n g  s u p p l i e d  o f  lower  q u a l i t y  u n d e r  lower  p r e s s u r e  and d i s t r i c t s  a r e  

b e i n g  c u t  down f o r  h o u r s l d a y s  i f  t h e r e  is  n o t  s u f f i c i e n t  w a t e r  a v a i l a b l e  

o r  due t o  a  breakdown a t  t h e  pumping s t a t i o n ;  r e p a i r  o f  equipment  is 

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

e t c .  Opera t ion  o f  a pumped s u p p l y  less t h a n  24 h o u r s  p e r  day i s  common 

p r a c t i c e .  I n  my o p i n i o n ,  i t  is  t h e r e f o r e  r e a l i s t i c  f o r  w a t e r s u p p l y  

s y s t e m s  i n  r u r a l ,  semi-urban and u r b a n  a r e a s  i n  d e v e l o p i n g  c o u n t r i e s ,  

depend ing  o f  c o u r s e  on  l o c a l  c o n d i t i o n s ,  t o  a c c e p t  a  l e v e l  o f  s e r v i c e  

lower  t h a n  i n  i n d u s t r i a l i z e d  c o u n t r i e s  i n  o r d e r  t o  be  t e c h n i c a l l y  and 

economica l ly  a t t a i n a b l e .  

T h i s  may mean: 

- l e s s  t h a n  24 h o u r s  p e r  day s u p p l i e d  w a t e r  from t h e  w a t e r  e n t e r p r i s e ;  

- lower  p r e s s u r e ;  

- l ower  w a t e r  q u a l i t y  s t a n d a r d s .  

A l l  must be w i t h i n  e a s y  r e a c h  o f  t h e  h y d r o l o g i c a l ,  socio-economic,  

b u d g e t a r y  and e x p l o i t a t i o n  c a p a c i t y  f o r  t h a t  a r e a  and its consumers .  

Through a  combina t ion  o f  a  s t a n d a r d  approach  and a  f l e x i b l e  s e r v i c e  

l e v e l ,  many more s y s t e m s  c a n  be i n s t a l l e d  more r a p i d l y  and a t  much 

lower  c o s t s .  In  T a b l e s  2 a  and 2b a n  example o f  t h e  q u a l i t y  and q u a n t i t y  

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

I 

Tab le  2a  Recommendations on q u a n t i t y  and q u a l i t y  and  s e r v i c e  l e v e l  

TYPE OF 
SYSTEM 

1 DEVELOPING COUNTRIES f 
WESTERN ~Mo-500 

Itp 
4 60-150 1 REDUCED 1 10-24 115 -25 1 $ CONNECTION 

QUANTITY 
1N L/C D 

PUBLIC 
y R A N s  I 10- 40 /REDUCED / 10-24 1 5 - 10 1 

GUIDELINE 

COMPLEYE 

QUALITY 
WHO 

24 

SERVICE 
HRSIDAY 

30 

PRESSURE 
IN MWC 



Table  2b  Recommendations on q u a n t i t y  and q u a l i t y  and s e r v i c e  l e v e l  

Flow r e s t r i c t i o n s ,  s c a t t e r e d  r e s e r v o i r  c a p a c i t y  i n  t h e  houses  and a s  t h e  

p u b l i c  t a p s ,  r educed  peak f a c t o r s  and r educed  d i a m e t e r s  o f  t r a n s p o r t  

and d i s t r i b u t i o n  ma ins  w i l l  r e d u c e  t h e  c a p i t a l  i n v e s t m e n t  c o s t  p e r  

c a p i t a .  

For compar ison o f  t h e  n e c e s s a r y  c a p i t a l  i n v e s t m e n t  i n v o l v e d ,  F i g u r e  4 
shows t h e  i n v e s t m e n t  p e r  head a t  a  r educed  s e r v i c e  l e v e l ,  i n d i c a t e d  

a, 100% 

SERVICE 
LEVEL IN 

TYPE OF SYSTEM 

DEEPWELLS/ 
HANDPUMPS 

RAINWATER 
COLLECTORS 

PRIVATE 
SYSTEMS 

I 1 I I 1 
i 8 

0.2 2 20 200 2000 

---+INSTALLED CAPACITY IN LITERS/ SEC. 

SERVICE 
HRS~DAY 

24 

24 

? 

F i g u r e  4 Inves tmen t  c o s t  f o r  r educed  and f11l l  s e r v i c e  l e v e l  

QUANTITY 
IN L/CD. 

= -I0 
? 

PRESSURE 
IN M.W.C. 

- 
- 

? 

QUALITY 

NOT CON- 
TROLLED 

NOT CON- 
TROLLED 

? 



a g a i n s t  t h e  inves tmen t  r e q u i r e d  p e r  head t o  a t t a i n  a 100% s e r v i c e  l e v e l .  

Depending on t h e  l o c a l  c i r c u m s t a n c e s ,  and a f t e r  t h e  socio-economic n e e d s  

and a b i l i t y  t o  pay t o  make t h e  sys tem s e l f  s u p p o r t i n g  have  been 

d e t e r m i n e d ,  t h e  i n i t i a l  sys tem i n s t a l l e d  by t h e  government s h o u l d  be 

c a p a b l e  o f  s e l f  development  and s e l f  f i n a n c i n g .  It i s  o b v i o u s  t h a t  good 

management o f  t h e  sys tem is i m p e r a t i v e .  The government must a l s o  c a t e r  

f o r  t h e  non-physical  a s p e c t s  o f  ma in tenance  and management s i m u l t a n e o u s l y  

w i t h  t h e  p h y s i c a l  i n s t a l l a t i o n  o f  a sys tem.  Th i s  and o t h e r  f a c t o r s  w i l l  

l e a d  t o  more even government e x p e n d i t u r e s  i n  t h e  s e c t o r a l  p l a n n i n g  and 

implementa t ion  o f  wa te r supp ly  schemes and s a n i t a t i o n .  

By r e d u c i n g  t h e  s u p p l y  r e q u i r e m e n t s  t o  a  l i m i t ,  t h e  problems o f  t h e  

UN Water Decade w i l l  be more r e a d i l y  s o l v e d .  

Although t h e  r e l a t i o n s h i p  w i t h  s a n i t a t i o n  h a s  a l r e a d y  been men t ioned ,  

one  must now t a k e  a  more d e t a i l e d  l o o k  at  t h i s  t o p i c .  A s  was s t a t e d  

p r e v i o u s l y  r e g a r d i n g  wa te r supp ly  and s a n i t a t i o n ,  i s  t h e  i t e r a t i v e  n a t u r e  

o f  t h e  p r o c e s s .  Water i n t a k e  from a  s o u r c e  o f  a  s u i t a b l e  q u a l i t y  and 

i n  t h e  r i g h t  q u a n t i t i e s ,  f i n a l l y  l e a d s  t o  t h e  consumer r e q u i r i n g  a 

d r a i n a g e  sewerage sys tem i n  o r d e r  t o  improve t h e  s a n i t a t i o n .  I n  t h i s  

c a s e  t h e  r u n  o f f  w a s t e  w a t e r  i n  combina t ion  w i t h  r a i n w a t e r  and s u r f a c e  

w a t e r  d r a i n s  w i l l  have a lways  t o  be c a r e f u l l y  c o n t r o l l e d .  

The r u n  o f f  o f  w a t e r  from t h e  consumer ,  whether  o r  n o t  combined, f i n a l l y  

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

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

Th i s  i t e r a t i v e  development  o f  w a t e r  c y c l e s  I have v i s u a l i z e d  i n  a  

s p i r a l ,  i n  F igure  5 a  s p i r a l i n g  p r o c e s s ,  between w a t e r s u p p l y  and 

s a n i t a t i o n .  I n  p r a c t i c e  t n e  r u r a l  sys tems  w i t h i n  t h e  s p i r a l  a p p e a r  

t o  l a g  t h e  urban s y s t e m s .  However it i s  most i m p o r t a n t  t o  s e e  t h a t  t h e  

s p i r a l  is w e l l  formed i n  which c a s e  t h e  h y d r o l o g i c a l  q u e s t i o n s  o f  t h e  

U N  Water Decade w i l l  be s o l v e d  i n  a r e a s o n a b l e  way. 

The s t a t e  o f  a f f a i r s a t  a  c e r t a i n  moment is i n d i c a t e d  by a  p o i n t  i n  one  o f  

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

of wa te r supp ly  and s a n i t a t i o n  development .  A s m a l l  s t e p  i n  t h e  development  

o f  wa te r supp ly  might  c r e a t e  a n  e q u a l  o r  b igger  s a n i t a t i o n  problem,  which 

h a s  t o  be s o l v e d  i n  due  t i m e .  

For e x i s t i n g  u rban  sys tems  it is g e t t i n g  t ime  t o  s o l v e  d i s c h a r g e  and 
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F i g u r e  5 I t e r a t i v e  development w a t e r  c y c l e  

s a n i t a t i o n  problems; a l t h o u g h  f o r  s m a l l  sys tems  t h e  a v a i l a b l e  f u n d s ,  

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

8 CONCLUDING REMARKS 

Hydrological  problems i n  t h e  Water Decade regime a  pragmatic  approach 

t o  b r i n g  t h e  UN Water Decade t o  r e a s o n a b l e ,  a c c e p t a b l e  r e s u l t s  i n  

1990. 

One should a c c e p t  a n  as good a s  p o s s i b l e  do ing  o f  t h e  job :  

* withou t  a l l  r e q u i r e d  d a t a  and measurements; 

* w i t h  f l e x i b l e  s o l u t i o n s  and s t a n d a r d  approaches /modules ;  

* making u s e  o f  t h e  a v a i l a b l e  r e s o u r c e s ,  d a t a ,  l o c a l  and 

e x p a t r i a t e  manpower, l o c a l  and f o r e i g n  f u n d s ;  



* p r e s s e d  by pol icy-makers  w i t h  p r i o r i t i e s  and g o a l s  set f o r ;  

* w i t h  f l e x i b l e  d e s i g n  c r i t e r i a  f o r  q u a n t i t y  and q u a l i t y ;  depend ing  

on l o c a l  c i r c u m s t a n c e s  somet imes  w i t h  emphas i s  on w a t e r  q u a n t i t y  

r a t h e r  t h a n  w a t e r  q u a l i t y ;  

* w i t h  t h e  consumers ,  conce rned  and t h e i r  w i l l i n g n e s s  and a b i l i t y  

t o  pay f o r  t h e  s e r v i c e s ;  

* w i t h  a p p r o p r i a t e  s e r v i c e  l e v e l ,  e t c .  

Waterwise p l a n n i n g  is  obv ious  f rom t h e  h y d r o l o g i c a l  p o i n t  o f  v iew.  

For t h i s  w a t e r  b a l l e t ,  t h e  h y d r o l o g i s t s  need l o c a l / r e g i o n a l  w a t e r  

b a l a n c e s  b e i n g  improved and s a f e  a g a i n s t  t h e  m u l t i t u d e  o f  d i s t u r b i n g  

f a c t o r s .  

The r e a l  w a t e r  b a l a n c e  i n  any a r e a  w i l l  be c o n t r o l l e d  by many f a c t o r s ,  

i n c l u d i n g  u n c o n t r o l l e d  g rowth  s t r u c t u r e s ,  cus toms  and r e g u l a t i o n s ,  

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

t e r m  v a r i a t i o n s  e t c .  

I n  o r d e r  t o  s o l v e  t h e  problems o f  t h e  Water Decade, o n e  must s t r i v e  

f o r  a  s y s t e m a t i c  improvement o f  t h e  w a t e r  b a l a n c e  i n  t h e  r e g i o n  o r  

c o u n t r y .  

New and a p p r o p r i a t e  methods a r e  a l s o  needed and h i g h l y  d e s i r a b l e ,  

making u s e  o f  t h e  b e s t  t e c h n i q u e s ,  i n c l u d i n g  c o m p u t e r s ,  a v a i l a b l e  

and d e v e l o p i n g  s c i e n c e s ,  which c a n  p roduce  r a p i d l y  e f f i c i e n t  and 

e f f e c t i v e  r e s u l t s  f o r  t h e  v a s t  number o f  schemes t o  be implemented 

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

T h i s  is  t h e  o n l y  s o u r c e ,  g i v i n g  u s  c e r t a i n t i e s  f rom u n c e r t a i n t i e s .  



THE ROLE OF HYDROLOGY IN THE WATER DECADE 

G .  SANTING 

ABSTRACT 

Although the general purposes of hydrological investigations for public 

water supply within the framework of the Water Decade are the same as 

those of such investigations in The Netherlands, the character of the 

investigations may be different. This is caused by two circumstances. 

In the developing countries emphasis will sometimes be laid differently 

with respect to the general purposes of the investigations; e.g. 

environmental effects of the exploitation of water resources will often 

not weigh as heavy as they do in The Netherlands and consequently they 

will need less investigations. The second factor affecting the character 

of the hydrological investigations is the difference in social, struc- 

tural and hydrological conditions under which the investigations have 

to be carried out. The hydrological character of the area of study, the 

availability of data, financial resources, manpower, experience, 

equipment etc. generally differ widely from those in The Netherlands. 

Consequently the character of hydrological investigations for water 

supply in developing countries may also differ in various respects from 

those in The Netherlands. As a rule the social and structural conditions 

of the country affect the type of hydrological investigations more 

profoundly than the hydrological conditions. 

A differentcharacterof the investigations may, in its turn, make 

different demands on the capabilities and experiences of the hydrologist, 



as compared with his colleagues in the home-country. 

1 AIMS OF HYDROLOGICAL INVESTIGATIONS FOR PUBLIC WATER SUPPLY 

As the purpose of the present paper is to treat of the typical character 

of hydrological investigations for water supply within the Water Decade. 

or more concretely, the differences and agreements in comparison with 

such investigations in The Netherlands, it is necessary to put down 

first the aims in general of the investigations. Although the subject 

of the investigations in question is public and sometimes also 

industrial water supply, it is clear that quite often multiple-purpose 

investigation programs, e.g. also for irrigation or water power, are 

carried out. In this paper, however, only investigations for public 

water supply, in rural areas sometimes including water supply for cattle, 

will be dealt with. 

The general aims of hydrological investigations for public water supply 

can be described as follows. 

- Finding suitable water sources and evaluating their yields and water 
quality for drinking water purposes. 

- Determining the suitable technical means (wells, intakes etc.) for 
water recovery. 

- Determining the best ways of controlling, managing and exploiting the 
water sources, both from the point of view of water recovery and with 

respect to the environment and the interests of other users of the 

water source. 

- Evaluating the effects of other human activities, such as defore- 
station, land reclamation and the discharge of waste water, on the 

yield and water quality of the water sources, and determining the 

measures to be taken to reduce the harmful effects. 

These general aims of hydrological investigations for public water 

supply hold good both for The Netherlands and for the Water Decade. 

However, the investigations themselves may differ in various respects. 

This is due to two causes. 

In the first place the emphasis with regard to the aims may be put 



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

o f t e n  be c o n s i d e r e d  as o f  minor i m p o r t a n c e ;  i n  o t h e r  i n s t a n c e s  t h e  need  

o f  w a t e r  may be s o  u r g e n t  t h a t  good management and development  o f  t h e  

w a t e r  s o u r c e  w i l l  n o t  immedia t e ly  g e t  s u f f i c i e n t  a t t e n t i o n .  

I n  t h e  second p l a c e  c o n d i t i o n s  i n  d e v e l o p i n g  c o u n t r i e s  w i l l  n e a r l y  a lways  

d i f f e r  w ide ly  f rom t h o s e  i n  The N e t h e r l a n d s .  Th i s  is  n o t  o n l y  t r u e  f o r  

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

A s  d i f f e r e n c e s  i n  t h e  c o n d i t i o n s  u n d e r  which t h e  i n v e s t i g a t i o n s  have t o  

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

p o i n t  w i l l  be e x a m i n e l  more c l o s e l y .  T h e r e f o r e  f i r s t  t h e  c o n d i t i o n s  i n  

The N e t h e r l a n d s  w i l l  be compared w i t h  t h o s e  i n  d e v e l o p i n g  c o u n t r i e s  

( C h a p t e r  2 . ) ;  a f t e r  t h a t  t h e  i n f l u e n c e  o f  t h o s e  d i f f e r e n c e s  on t h e  

h y d r o l o g i c a l  i n v e s t i g a t i o n s  w i l l  be  d i s c u s s e d  ( C h a p t e r  3 ) .  

2  CONDITIONS WHICH AFFECT THE CHARACTER OF HYDROLOGICAL INVESTIGATIONS 

2.1 C o n d i t i o n s  i n  The N e t h e r l a n d s  

A d i s t i n c t i o n  s h o u l d  be made between h y d r o l o g i c a l  c o n d i t i o n s  and t h o s e  

o f  a  s o c i a l  and s t r u c t u r a l  n a t u r e .  A s  t h e  l a t t e r  have  a g r e a t e r  

i n f l u e n c e ,  t h e y  w i l l  be  d e a l t  w i t h  f i r s t .  

- B a s i c  d a t a  o v e r  l o n g  p e r i o d s  a r e  a v a i l a b l e  and e a s i l y  a c c e s s i b l e .  

- A d e n s e  network o f  h y d r o l o g i c a l  o b s e r v a t i o n  s t a t i o n s  e x i s t s .  

- A s  a  r u l e  s u f f i c i e n t  f i n a n c i a l  means f o r  t h e  i n v e s t i g a t i o n s  a r e  

a v a i l a b l e .  

- S u f f i c i e n t  knowledge, e x p e r i e n c e ,  manpower and equipment  a r e  p r e s e n t .  

- There  is g e n e r a l l y  a good c o - o p e r a t i o n  between t h e  d i f f e r e n t  gove rn -  

ment o f f i c e s  and o t h e r  a g e n c i e s  o r  o r g a n i z a t i o n s  a c t i v e  i n  

h y d r o l o g i c a l  work. Even w i t h  n e i g h b o u r i n g  c o u n t r i e s  c o - o p e r a t i o n  

and exchange o f  i n f o r m a t i o n  a r e  good.  

- A g r e a t  d e a l  o f  a t t e n t i o n  h a s  t o  be p a i d  t o  t h e  e f f e c t s  o f  t h e  u s e  

o f  w a t e r  s o u r c e  on t h e  n a t u r a l  env i ronmen t  and t h e  consequences  f o r  

o t h e r  u s e r s  o f  t h e  same s o u r c e .  A t y p i c a l  f e a t u r e  i n  t h i s  c o n n e c t i o n  

is  t h e  p a r t l y  a r t i f i c i a l l y  c o n t r o l l e d  g roundwate r  l e v e l  n e a r  t o  

g r o u n d s u r f a c e ,  a s  r e q u i r e d  by t h e  f a r m e r s  i n  The N e t h e r l a n d s .  

Groundwater w i t h d r a w a l s  c a u s i n g  a l o w e r i n g  o f  t h e  g roundwate r  t a b l e ,  



are heavily opposed by the farmers. 

As to the general hydrological conditions prevailing in The Netherlands, 

the following picture, which of course must be very sketchy, can be 

given. 

- The general hydrological conditions in the country are known; the 
locations for new well fields are already approximately known before- 

hand. Hydrological investigations, therefore, are often rather local 

studies, in order to fill up the details in an already known general 

picture. 

- The Netherlands are a delta of powerful rivers which, during most of 
the Pleistocene era, built up mighty alluvial formations, generally 

2 of good permeability. Transmissivity values of more than 10,000 m I 

day are known. 

- Rainfall, averaging 750 mmlyear, is quite favourably distributed over 
the year; evapotranspiration leaves a useful yearly rainfall excess of 

some 200 - 300 mm. Annual variations are small. 
- The water sources, both groundwater and surface water, are of a 
permanent character; storage of water for public water supply is, 

from a quantitative point of view, not necessary, but is sometimes 

necessary for reasons of quality because of human-made pollution of 

the sources. 

- In the river watersheds and groundwater basins great changes rarely 
occur. (The recent Zuyderzee reclamation works and the construction 

of the long sea-walls in the Meuse and Scheldt river estuary are 

exceptions.) Discharge and sediment transport of the Rhine and other 

rivers, seen over longer periods, are fairly constant. It may be 

stated that a stable hydrological situation exists in The 

Netherlands; the water regime and the water balance are almost fixed 

data. 

2.2 Conditions in developing countries 

When dealing with this question, one should keep in mind that there is 

not a homogeneous group of developing or Third-World countries. 

Climatological, geological, hydrological, social, economic conditions 



show g r e a t  d i f f e r e n c e s .  D i f f e r e n c e s  and agreements  w i t h  c o n d i t i o n s  

i n  The Ne the r l ands  w i l l  v a r y  from c o u n t r y  t o  c o u n t r y .  I n  a  s h o r t  paper  

l i k e  t h e  p r e s e n t  o n e ,  i t  is  n o t  p o s s i b l e  t o  d e a l  w i t h  a l l  t h o s e  

v a r i a t i o n s ;  a c e r t a i n  g e n e r a l i z a t i o n  h a s  t o  be  i n t r o d u c e d ,  w i t h  t h e  

emphasis  on t h o s e  c h a r a c t e r i s t i c s  and  f e a t u r e s  which are o f  most i n t e r e s t  

i n  t h e  scope  o f  t h i s  paper .  T h i s  w i l l  mean t h a t ,  i f  i n  a c e r t a i n  i n s t a n c e  

i t  is s t a t e d  t h a t  h y d r o l o g i c a l  b a s i c  d a t a  are s c a n t y  i n  t h e  l o c a l  

a r c h i v e s ,  t h e r e  are a l s o  d e v e l o p i n g  c o u n t r i e s  which have  good a r c h i v e s  

and q u i t e  w e l l  f u n c t i o n i n g  h y d r o l o g i c a l  s e r v i c e s .  Such c a s e s ,  however,  

a r e  o f  less i n t e r e s t  i n  view o f  t h e  purpose  o f  t h i s  p a p e r .  

So,  i n  a  v e r y  g e n e r a l  way, t h e  f o l l o w i n g  c o n d i t i o n s  i n  deve lop ing  

c o u n t r i e s  can  b e  ment ioned,  f i r s t  t h e  s o c i a l  and s t r u c t u r a l  ones  and 

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

- Exped ien t s  g e n e r a l l y  a r e  l i m i t e d ;  few b a s i c  d a t a ,  few h y d r o l o g i c a l  

o b s e r v a t i o n  s t a t i o n s ,  few maps, i n s u f f i c i e n t  manpower en  e x p e r i e n c e ,  

poor  equipment ,  few r o a d s ,  i n a c c e s s i b l e  a r e a s .  

- Government o f f i c e s  o f t e n  work i n e f f i c i e n t l y  and s u f f e r  from bureau-  

c r a c y ;  government o f f i c i a l s  from t h e  c a p i t a l  may o b j e c t  t o  v i s i t i n g  

r u r a l  a r e a s  and d o i n g  f i e l d  work. The c o m p e t i t i o n  between d i f f e r e n t  

m i n i s t r i e s  and t h e  r e l u c t a n c e  o f  t h e  employees t o  t a k e  any  

r e s p o n s i b i l i t y  hamper t h e  a c q u i s i t i o n  o f  i n f o r m a t i o n  and d a t a  by t h e  

c o n s u l t a n t .  

- Co-operat ion w i t h  n e i g h b o u r i n g  c o u n t r i e s  is  n o t  a lways  p o s s i b l e  due  

t o  p o l i t i c a l  c o n t r o v e r s i e s .  I n  c a s e  r i v e r  o r  g roundwate r  b a s i n s  which 

be long  t o  more t h a n  one c o u n t r y ,  have  t o  be s t u d i e d ,  t h i s  l a c k  o f  

co -opera t ion  may s e r i o u s l y  hamper t h e  work. 

- P r o p r i e t a r y  r i g h t s  o f  l a n d  and  a l s o  o f  w a t e r  may be q u i t e  d i f f e r e n t  

from what is customary i n  The Ne the r l ands .  

It would n o t  be f a i r  t o  j u s t  men t ion  t h e s e  shor t comings  w i t h o u t  t r y i n g  

t o  e x p l a i n  how o r  why some o f  them have come i n t o  e x i s t a n c e .  

I n  t h e  l a s t  few y e a r s  b e f o r e  t h e i r  independence and i n  t h e  first y e a r s  

after  t h a t  d a t e  c o n d i t i o n s  i n  many fo rmer  c o l o n i e s  were  r a t h e r  

d i s o r d e r e d .  Arch ives  may have g o t  l o s t ,  o b s e r v a t i o n  s t a t i o n s  may have 

been d e s t r o y e d  o r  abandoned,  p e o p l e  i n  c h a r g e  may have moved o r  have  

d i s a p p e a r e d ,  f u n d s  t o  r e p a i r  damage o r  engage q u a l i f i e d  p e r s o n n e l  were 



l a c k i n g .  

Another problem is  caused by t h e  r a p i d  changes  i n  t h e  n a t u r a l  environment  

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

many p a r t s  o f  t h e  world .  Because o f  t h i s  f a c t  t h e  h y d r o l o g i c a l  r eg imes  

i n  t h e  a f f e c t e d  r e g i o n s  may have  changed t o o .  Consequent ly  t h e  l o n g  

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

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

a n a l y s i s  o f  p resen t -day  c o n d i t i o n s .  

S t i l l  a n o t h e r  problem which arises i n  v e r y  poor  r e g i o n s  i s  t h e  d i f f i c u l t y  

t o  m a i n t a i n  t h e  equipment o f  h y d r o l o g i c a l  o b s e r v a t i o n  s t a t i o n s .  

P a r t i c u l a r l y  t h e  metal p a r t s  o f  t h e  i n s t a l l a t i o n s  are sough t  a f t e r  by t h e  

l o c a l  p o p u l a t i o n  f o r  making k n i v e s  and o t h e r  t o o l s  o f .  

A f o u r t h  example t o  conc lude  w i t h :  many d e v e l o p i n g  c o u n t r i e s  are o v e r r u n  

w i t h  f o r e i g n  m i s s i o n s ,  c o n s u l t a n t s ,  e x p e r t s  e t c .  Now, because o f  l a c k  o f  

co -opera t ion  between t h e  d i f f e r e n t  m i n i s t r i e s  and government a g e n c i e s  o f  

t h e  c o u n t r y  i n  q u e s t i o n ,  t h - r e  is a  f a i r  chance t h a t  two m i s s i o n s  one 

a f t e r  a n o t h e r  and e a c h  one f o r  a  d i f f e r e n t  m i n i s t r y ,  v i s i t  t h e  same 

a r e a  a s k  t h e  same q u e s t i o n s ,  t r y  t o  g e t  t h e  same answers .  Moreover,  

most o f  t h e s e  v i s i t s  do  n o t  answer  t h e  e x p e c t a t i o n s  o f  t h e  l o c a l  r u r a l  

a u t h o r i t i e s  and peop le ,  v i z .  a r a p i d  improvement o f  t h e i r  l i v i n g  

s t a n d a r d .  Th i s  s i t u a t i o n  may e a s i l y  l e a d  t o  a  r e f u s a l  o f  t h e  peop le  

t o  co -opera te  w i t h  t h e  f o r e i g n  e x p e r t .  

Now, something h a s  t o  be s a i d  a b o u t  t h e  h y d r o l o g i c a l  c o n d i t i o n s  i n  t h e  

c o u n t r i e s  f o r  which i n  p a r t i c u l a r  t h e  Decade was s t a r t e d .  It is  c l e a r  

t h a t  t h e  h y d r o l o g i c a l  c o n d i t i o n s  may d i f f e r  i n  s o  many ways from t h o s e  

i n  The N e t h e r l a n d s ,  t h a t  i t  is  h a r d l y  p o s s i b l e  t o  g i v e  a  r e l a t i v e l y  

comple te  r ev iew o f  t h e s e  d i f f e r e n c e s  and agreements .  Moreover,  s u c h  a  

r ev iew would n o t  e s s e n t i a l l y  c o n t r i b u t e  t o  a  b e t t e r  u n d e r s t a n d i n g  o f  

t h e  f a c t  t h a t  h y d r o l o g i c a l  c o n d i t i o n s  have an  e f f e c t  upon t h e  c h a r a c t e r  

o f  h y d r o l o g i c a l  i n v e s t i g a t i o n s ,  t h a n  a  few t y p i c a l  and i n t e r e s t i n g  

examples  do.  

- One o f  t h e  most consp icuous  d i f f e r e n c e s  is  t h e  s i z e  o f  t h e  h y d r o l o g i c a l  

and h y d r o g e o l o g i c a l  u n i t s ,  t h e  r i v e r  and g roundwate r  b a s i n s .  I n  The 

Ne the r l ands  t h e y  a r e  s m a l l  and o f t e n  independen t  o f  e a c h  o t h e r ;  

i f  i n  It-Brabant l a r g e  amounts o f  groundwater  a r e  b e i n g  withdrawn,  

e f f e c t s  i n  t h e  nea rby  Veluwe are none,  a l d  v i c e  v e r s a  (p rov ided  t h a t  



t h e  amounts withdrawn i n  N-Brabant remain below t h e  l i m i t  o f  t h e  

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

r e s e r v o i r ) .  Such c o n d i t i o n s  o f  c o u r s e  a r e  a l s o  known i n  most o t h e r  

c o u n t r i e s .  However t h e r e  a r e  many r e g i o n s  i n  t h e  world  where t h e  

u n i t s  a r e  much l a r g e r .  Th i s  is  p a r t i c u l a r l y  s o  i n  a r i d  and semi -a r id  

r e g i o n s  where r i v e r s  and s u r f a c e  w a t e r  d i v i d e s ,  no rmal ly  c o n s t i t u t i n g  

boundar i e s  o f  h y d r o l o g i c a l  u n i t s ,  a r e  a b s e n t .  

Because o f  t h e  above-mentioned f e a t u r e  and o t h e r  ones  t h e  a r e a s  t o  be  

i n v e s t i g a t e d  by t h e  h y d r o l o g i s t s  g e n e r a l l y  a r e  much l a r g e r  t h a n  t h o s e  

i n  a small and d e n s e l y  popu la ted  c o u n t r y  l i k e  The N e t h e r l a n d s .  Moreover,  

g r e a t  d i f f e r e n c e s  i n  topography ,  g e o l o g y  and c l i m a t e  may e x i s t  w i t h i n  

a  s i n g l e  a r e a ,  whereas  on t h e  o t h e r  hand r e l a t i v e l y  l i t t l e  h y d r o l o g i c a l  

d a t a  o f  t h e  a r e a  is a v a i l a b l e .  

- A s  t o  t h e  s u b - s o i l  c o n d i t i o n s ,  it s h o u l d  be  remarked t h a t  i n  many 

p a r t s  o f  t h e  world  t h e  bedrock is  a l r e a d y  encoun te red  a t  a s h a l l o w  

d e p t h  below ground s u r f a c e  (e.g. t h e  Precambrian s h i e l d  i n  A f r i c a ,  

Sou th  America and  Asia 1. 

F i g u r e  1 Outcrops  o f  bedrock i n  s a v a n n a ,  Kano S t a t e ,  Nor the rn  N i g e r i a  
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T r a n s m i s s i v i t y  o f  t h e s e  f o r m a t i o n s  and o f  t h e  t h i n  c o v e r i n g  l a y e r s  

o f t e n  be ing  small, groundwater  r e s o u r c e s  i n  s u c h  a r e a s  are g e n e r a l l y  

q u i t e  poor  and  r i v e r s  depend main ly  on r a i n f a l l ;  i n  d r y  p e r i o d s  

t h e y  c a r r y  l i t t l e  o r  no  w a t e r  whereas  i n  t h e  wet s e a s o n  t h e y  may 

c a u s e  wide-spread and sometimes d e v e s t a t i n g  f l o o d s .  

Thick u n c o n s o l i d a t e d  s e d i m e n t s ,  on t h e  o t h e r  hand,  d o  n o t  a lways  

g u a r a n t e e  t h e  p r e s e n c e  o f  good groundwater  r e s e r v o i r s ,  even i n  

c o u n t r i e s  w i t h  abundant  r a i n f a l l .  E.G. i n  t h e  Nor the rn  c o a s t a l  p l a i n  

of t h e  i s l a n d  o f  J a v a ,  I n d o n e s i a ,  Q u a t e r n a r y  mar ine  and v o l c a n i c  

sed imen t s  o f  s e v e r a l  hundred metres t h i c k n e s s  have  a t r a n s m i s s i v i t y  
2 

o f  o n l y  a few hundred m day .  

- The p h y s i c a l  and  chemica l  p r o p e r t i e s  o f  g roundwate r  may a s k  s p e c i a l  

a t t t e n t i o n  i n  c o n n e c t i o n  w i t h  w a t e r  s u p p l y  p r o j e c t s .  I n  t r o p i c a l  
o a r e a s  a w a t e r  t e m p e r a t u r e  o f  30 C is  s t i l l  q u i t e  f a v o u r a b l e ,  b u t  

much h i g h e r  t e m p e r a t u r e s ,  e s p e c i a l l y  o f  w a t e r  f rom deep  a c q u i f e r s  

a l s o  o c c u r  f r e q u e n t l y .  

The groundwater  may have c e r t a i n  unexpected c h e m i c a l  p r o p e r t i e s ,  which 

a r e  unknown i n  The Ne the r l ands .  I n  Upper-Volta,  e . g . ,  g roundwate r  w i t h  

1600 mic rogr .  o f  a r sen icum p e r  l i t r e  was found i n  newly d r i l l e d  wells 

f o r  a r u r a l  w a t e r  s u p p l y  p r o j e c t .  The a r sen icum o r i g i n a t e d  from 

p y r i t e  and a r s e n o - p y r i t e  i n  t h e  Precambrian bedrock below t h e  

a q u i f e r .  

S t i l l  l e s s  known is  s i l e n i u m ,  whjch was encoun te red  a s  a s a l t  i n  h igh  

and dangerous  c o n c e n t r a t i o n s  ( >  50 ppm) i n  g roundwate r  from a d e p t h  

o f  200 m a t  Ba l ikpapan ,  I n d o n e s i a .  Also f l u o r i d e s  and  heavy m e t a l s  

s h o u l d  be ment ioned.  

Another phenomenon which a f f e c t s  t h e  chemica l  q u a l i t y  o f  t h e  ground-  

w a t e r ,  i s  a consequence o f  t h e  rise o f  t h e  sea l e v e l  by some 

100 m c t r e s  a t  t h e  beg inn ing  o f  t h e  Holocene p e r i o d ,  t e n  m i l l e n n i a  

ago.  The phenomenon t o  be d e s c r i b e d  t a k e s  p l a c e  where t h i c k  s e d i m e n t s  

a r e  p r e s e n t  below t h e  bottom o f  a l i t t o r a l  sea. I f  t h e  t o p  l a y e r s  o f  

t h e s e  s e d i m e n t s  c o n s i s t  o f  c l a y  o r  o t h e r  almost impermeable m a t e r i a l s ,  

t h e  weight  o f  t h e  r i s i n g  sea w a t e r  c a u s e s  a compress ion  o f  t h e  

u n d e r l y i n g  s e d i m e n t s ,  t h e r e b y  e x p e l l i n g  p a r t  o f  t h e  ( g e n e r a l l y  s a l t )  

wa te r  c o n t a i n e d  t h e r e i n . T h i s  e x p e l l e d  w a t e r  w i l l  be  pushed landward 

th rough  t h e  more permeable  s t r a t a ,  may c o n t a m i n a t e  f r e sh -wa te r  

b e a r i n g  a q u i f e r s  i n  t h e  c o a s t a l  l a n d  a r e a  and e x p l a i n s  t h e  p r e s e n c e  
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o f  b r a c k i s h  w a t e r  i n  a q u i f e r s  f a r  i n l a n d  where n e v e r  t h e  s e a  h a s  

been s i n c e  t h e  end o f  t h e  P l e i s t o c e n e .  

- S t i l l  o t h e r  i n f l u e n t i a l  h y d r o l o g i c a l  c o n d i t i o n s  have t o  be ment ioned.  

I n  d e v e l o p i n g  c o u n t r i e s  t h e  h y d r o l o g i s t  w i l l  more o f t e n  t h a n  i n  The 

Ne the r l ands  b e  f a c e d  w i t h  s i t u a t i o n s  i n  which t h e  w a t e r  s o u r c e  o r  

t h e  environment  h a s  g o t  i n t o  a bad o r  even  dangerous  c o n d i t i o n  due  

t o  improper  management and e x p l o i t a t i o n  o f  t h e  s o u r c e .  The h y d r o l o g i c a l  

wor ld ,  even i n  t h e  Western p a r t ,  i s  f u l l  o f  examples  o f  bad management 

o r  bad d e s i g n s ,  as e . g .  s i l t e d - u p  r e s e r v o i r s ,  a q u i f e r s  con tamina ted  

by s a l i n e  i n t r u s i o n s ,  a r e a s  s u f f e r i n g  from s u b s i d e n c e ,  and i r r i g a t e d  

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

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

s e n s i t i v e  t o  human i n t e r f e r e n c e .  I f  e . g .  i n  a n  a r i d  a r e a  a  town g e t s  

a p u b l i c  w a t e r  s u p p l y  s y s t e m ,  t h e  i n e v i t a b l e  l e a k a g e s  and t h e  

d i s c h a r g e  o f  was te  w a t e r  may c o n s t i t u t e  a n  i m p o r t a n t  new r e p l e n i s h m e n t  

of t h e  g roundwate r  and t h i s  i n  i t s  t u r n  may r e s u l t  i n  a  q u i t e  

unexpected rise o f  t h e  g roundwate r  t a b l e  o f  s e v e r a l  m e t r e s .  

R a i s i n g  t h e  ground s u r f a c e  i n  new b u i l d i n g s  areas i n  a r i d  o r  semi -a r id  

r e g i o n s ,  t h e r e b y  r e d u c i n g  e v a p o r a t i o n  l o s s e s  from fo rmer  marshy 

a r e a s ,  may a l s o  r e s u l t  i n  a n  u n f o r e s e e n  rise o f  t h e  g r o u n d w a t e r t a b l e .  

To i l l u s t r a t e  t h e  impor tance  o f  t h i s  phenomenon it is  p o i n t e d  o u t  

t h a t  t h e  e l i m i n a t i o n  o f  a n  e v a p o t r a n s p i r a t i o n  l o s s  o f  10 mm/day o v e r  
2 a r e a  of e . g .  500 x  500 m a l r e a d y  c o r r e s p o n d s  w i t h  a n  e x t r a  

3 r e p l e n i s h m e n t  o f  t h e  g roundwate r  o f  100 m / h o u r ,  which is  q u i t e  

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

- F i n a l l y  someth ing  s h o u l d  be s a i d  a b o u t  boundary c o n d i t i o n s ,  a  v e r y  

i m p o r t a n t  i t e m .  (Boundary c o n d i t i o n s  are t h e  c ~ r ~ d i t i o n s  o f  i n f l o w ,  

o u t f l o w ,  w a t e r  l e v e l s  e t c .  t h a t  are p r e s e n t  a t  t h e  boundar i e s  o f  t h e  

b a s i n  o r  a q u i f e r  and t h a t  g o v e r n  t h e  w a t e r  movement th rough  i t . )  

I n  The N e t h e r l a n d s  boundary c o n d i t i o n s  a r e  r a t h e r  c o n s t a n t ,  a p a r t  

from s e a s o n a l  and s m a l l  y e a r l y  v a r i a t i o n s .  The e f f e c t s  o f  human 

i n t e r f e r e n c e s  g e n e r a l l y  a r e  small and o f  o n l y  l o c a l  impor tance ;  t h e i r  

i n f l u e n c e  on t h e  h y d r o l o g i c a l  regime and t h e  w a t e r  ba lance  c a n  be 

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

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

q u i t e  s t a b l e .  Hydrau l i c  and o t h e r  w a t e r - r e l a t e d  e n g i n e e r i n g  works c a n  

be  d e s i g n e d  w i t h  a h i g h  d e g r e e  o f  a c c u r a c y  w i t h o u t  g r e a t  unexpec ted  



r i s k s  o f  f a i l u r e .  

T h i s  i s  n o t  t h e  c a s e  i n  many o f  t h e  d e v e l o p i n g  c o u n t r i e s .  There t h e  

n a t u r a l  environment  is chang ing  r a p i d l y ,  o f t e n  a t  a n  a l a r m i n g  r a t e .  

Consequent ly  a l s o  t h e  h y d r o l o g i c a l  c o n d i t i o n s  are r a p i d l y  chang ing .  

The c a u s e s  a r e  well-known: e x c e s s i v e  p o p u l a t i o n  g r o w t h ,  d e c r e a s e  o f  

f o r e s t  a r e a s ,  g i v i n g  up o f  t r a d i t i o n a l  a g r i c u l t u r a l  methods and 

t r a d i t i o n s  o f  c o n s e r v a t i o n  o f  n a t u r a l  r e s o u r c e s ,  l a r g e - s c a l e  u r b a n i z a t i o n ,  

w a r s ,  t h e  c o n s t r u c t i o n  o f  huge dams i n  t h e  b i g  r i v e r s  o f  t h e  wor ld ,  e t c .  

To i l l u s t r a t e  t h e  magni tude of t h e s e c a u s e s , a  few f i g u r e s .  The r a p i d  

p o p u l a t i o n  growth i n  some o f  t h e  d e v e l o p i n g  c o u n t r i e s  w i l l  r e s u l t  i n  

d o u b l i n g  t h e  number of i n h a b i t a n t s  w i t h i n  20 o r  30 y e a r s ,  which w i l l  

r e q u i r e  a d u p l i c a t i o n  o f  j o b s ,  towns ,  and a l l  o t h e r  i n f r a - s t r u c t u r a l  

m a t t e r s .  

Year ly  D u p l i c a t i o n  o f  

p o p u l a t i o n  g rowth  p o p u l a t i o n  i n  

2% 35 y e a r s  

3% 25 y e a r s  

4% 19 y e a r s  

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

and g r a z i n g  g rounds  i n  many p a r t s  o f  t h e  Th i rd  World f o r c e s  t h e  f a r m e r s  

t o  c u l t i v a t e  l e s s  s u i t a b l e  g rounds  and  t o  c u t  down t h e  f o r e s t s .  T h i s  i n  

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

The u s e  o f  wood f o r  f u e l  f o r  cook ing  a l s o  c o n s t i t u t e s  a  t h r e a t  t o  t h e  

p r e s e r v a t i o n  o f  f o r e s t s  i n  t h e  d r i e r  r e g i o n s  o f  t h e  wor ld .  It i s  

e s t i m a t e d  t h a t  i n  a  semi -a r id  and s p a r s e l y  popu la ted  c o u n t r y  l i k e  

Niger t h e  need o f  f u e l  f o r  f i r e s  and  o t h e r  domes t i c  purposes  amounts 
3  t o  0.6 m p e r  head and  p e r  y e a r .  I n  t h a t  c o u n t r y  t h e  p r o d u c t i o n  o f  wood 

3 from n a t u r a l  f o r e s t s  and savannes  is a b o u t  0 .2  m /ha  p e r  y e a r .  The 

t o t a l  p o p u l a t i o n  o f  Nige r ,  numbering 5 , 5  m i l l i o n ,  t h e r e f o r e ,  would need 

1 6 , 5  m i l l i o n  ha  f o r  t h e i r  f u e l  demands, a n  a r e a  e q u a l l i n g  more t h a n  4x 

The Ne the r l ands .  A s  t h e  f o r e s t  a r e a  is s m a l l e r  t h a n  needed ,  t h e r e  is 

o v e r - h a r v e s t i n g  o f  wood and t h e  f o r e s t  a r e a  i s  d e c r e a s i n g .  The a r e a s  i n  

t h e  world  covered  by t r o p i c a l  f o r e s t s  a r e  a l s o  r a p i d l y  d e c r e a s i n g ;  

e v e r y  minute  some 20 ha o f  t r o p i c a l  r a i n f o r e s t  i s  b u r n t  o r  c u t  down, 

which makes 10 m i l l i o n  ha  p e r  y e a r  o r  3x The N e t h e r l a n d s .  It i s  o b v i o u s  

t h a t  s u c h  r a p i d  and widespread changes  w i l l  have a n  e f f e c t  upon t h e  



h y d r o l o g i c a l  c o n d i t i o n s  i n  t h e  a f f e c t e d  a r e a s  and w i l l  c r e a t e  chang ing  

boundary c o n d i t i o n s .  

Many o f  t h e  items mentioned above  make h y d r o l o g i c a l  work i n  t h e  

deve lop ing  c o u n t r i e s  more c o m p l i c a t e d  and d i f f i c u l t  t h a n  t h a t  i n  The 

Ne the r l ands .  There  a r e ,  however,  a l s o  c o n d i t i o n s  which f a c i l i t a t e  t h e  

work o f  t h e  h y d r o l o g i s t .  For i n s t a n c e  s e p a r a t e  wet a n d  d r y  s e a s o n s  

e n a b i e  t h e  h y d r o l o g i s t  t o  measure  a c c u r a t e l y  t h e  dry-weather  d i s c h a r g e  

o f  a  r i v e r  and t o  c a l c u l a t e  from t h a t  d a t a  t h e  g roundwate r  r e p l e n i s h m e n t  

by r a i n f a l l .  Sometimes ground s u r v e y  and g e o l o g i c a l  r e c o n n a i s s a n c e  a r e  

made e a s i e r  because  o f  a b s e n c e  o f  v e g e t a t i o n ;  a l s o  d e e p l y  e roded  v a l l e y s  

h e l p  i n  g i v i n g  i n f o r m a t i o n  on g e o l o g i c a l  c o n d i t i o n s .  

3 HYDROLOGICAL INVESTIGATIONS AS AFFECTED BY CONDITIONS I N  THE 

COUNTRIES OF STUDY 

A t  f i r s t  s i g h t  one  might  t h i n k  t h a t  t h e  p r e v a i l i n g  h y d r o l o g i c a l  

c o n d i t i o n s  i n  t h e  c o u n t r y  have  a g r e a t e r  i n f l u e n c e  on t h e  c h a r a c t e r  o f  , 
h y d r o l o g i c a l  i n v e s t i g a t i o n s  t h a n  t h e  s o c i a l  and s t r u c t u r a l  c o n d i t i o n s .  

However, t h e  la t ter  o f t e n  have  a n  as g r e a t  o r  even  g r e a t e r  e f f e c t  t h a n  

t h e  f i r s t .  T h i s  w i l l  become clear i n  t h e  p r e s e n t  c h a p t e r .  

F i r s t  t h e  e f f e c t s  o f  t h e  s o c i a l  and s t r u c t u r a l  c o n d i t i o n s  w i l l  be d e a l t  

w i t h .  

3.1 E f f e c t s  by s o c i a l  and s t r u c t u r a l  c o n d i t i o n s  

3.1.1 Lack of data 

One o f  t h e  most i m p o r t a n t  a s p e c t s  is t h e  l a c k  o f  s u f f i c i e n t  b a s i c  d a t a .  

I n  The N e t h e r l a n d s  d a t a g e n e r a l l y  a r e  s o  p l e n t i f u l  and e a s i l y  a c c e s s i b l e ,  

t h a t  many h y d r o l o g i c a l  s t u d i e s  c a n  be c a r r i e d  o u t  a t  t h e  o f f i c e  d e s k .  

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

f i e l d  a r e  i n d i s p e n s a b l e .  Even t h e n ,  t h e  number and q u a l i t y  o f  t h e  d a t a  

a r e  l i m i t e d .  Of ten  i n f o r m a t i o n  w i l l  have t o  be  used  which i n  The 

Nethe r l ands  n e v e r  would be c o n s i d e r e d  as d a t a :  r emains  o f  f l o o d s  i n  



the branches of trees, indicating the height of the water; signs of 

erosion; remains of demarcations of fields, showing that in the past 

the land was cultivated and that afterwards climatic or other conditions 

have changed. As good maps may be lacking, it will be necessary to make 

one's own maps of field data, such as land use, type of vegetation and 

crops, irrigation, other water use. Therefore, aerial and landsat 

photographs are so very helpful and almost indispensable in these 

countries. 

Another consequence of the scarcity of data is the necessity to apply 

as many hydrological methods of analysis and calculation as possible, 

in order to arrive at the most reliable conclusions. Not only modern 

advanced methods should be used; because of the scarcity of data just 

some simple old methods could substantially contribute to getting an 

insight into the hydrological conditions of the area, such as e.g. 

analysis of the fluctuations of the groundwater head caused by rainfall, 

the study of rainfall-runoff relations by means of empirical 

approximative formulas, water-balance studies etc. 

Figure 3 Example of a complicated hydrological situation. Wet rice 

f~eids, B a l l ,  Indonesia: springs, rivers, irrigation canals, 

terraced inundated fields, and groundwater 



It should be remarked that due to the scarcity of data and the often 

complicated hydrological conditions, the risk of failure in these 

countries is greater than in The Netherlands. If e.g. the nearest 

rainfall gauge is at a distance of 100 km, the use of the data of that 

gauge may bring along the possibility of serious mistakes. 

3.1.2 Type of water sources needed 

A second aspect of the social and structural conditions in the Third- 

World countries concerns the requirements to be met by the water sources 

for water supply; these requirements too affect the character of the 

hydrological investigations. 

a The sources should allow for a simple type of exploitation and use; 

water treatment generally is too expensive and often not feasible 

because of lack of qualified personnel. 

The sources should preferably be perennial, water storage generally 

being too expensive. 

0 The sources should as little as possible be susceptible to pollution, 

as protective measures will hardly be possible or effective. Particular 

attention should be given to the practice of excessive use of highly 

poisonous pesticidesand fertilizers in agriculture. 

a The autochthonous or traditional ways of fetching and using water also 

influence the selection of the type of source. In the Third-World 

countries the majority of the population still lives widely dispersed 

in the rural areas. The water sources to be used will, therefore, also 

have to be dispersed over large areas. 

c In regions with little water often springs and aquifers will have to 

be used which in The Netherlands would never deserve consideration, 

as being too small, but which will do for small rural water supply 

systems (e.g. shallow wells provided with handpumps for a village of 
3 500 people, needing 500 x 100 litreslday or 50 m /day). 

Even desert areas, at first thought considered to be of no value at 

all with respect to water resources, may offer certain possibilities. 

Although the average annual precipitation is extremely small, rain 

generally falls in local heavy showers, of which a fair percentage 

may reach the groundwater reservoir. An average yearly replenishment 



of  t h e  groundwater  o f  s a y  10 mm c o u l d  e a s i l y  r e s u l t  f rom t h i s  t y p e  of  
2 p r e c i p i t a t i o n .  Over a n  area o f  1000 km t h i s  y i e l d s  a n  amount of 

3 10 m i l l i o n  m / y e a r ,  which c o u l d  r e p r e s e n t  a n  i n t e r e s t i n g  w a t e r  s o u r c e  

i n  a s p a r s e l y  p o p u l a t e d  a r e a .  

e I n  c e r t a i n  cases a temporary w a t e r  s o u r c e  might  be needed t o  b r i d g e  

a p e r i o d  i n  which a permanent w a t e r  supp ly  system is  b u i l t .  Under 

t h e s e  c i r c u m s t a n c e s  groundwater  r e s e r v o i r s  might  be  u s e d  wich d o  n o t  

o r  h a r d l y  r e c e i v e  n a t u r a l  r e c h a r g e  and which t h e r e f o r e ,  by be ing  u s e d ,  

w i l l  be mined. I n  The Ne the r l ands  mining o f  a g roundwate r  r e s e r v o i r  

would n o t  be c o n s i d e r e d  as a n  a c c e p t a b l e  procedure .  However, i f  min ing  

o f  g r o u n d - w a t e r  would n o t  be d e t r i m e n t a l  t o  t h e  environment  and i f  

o t h e r w i s e  t h e  g roundwate r  r e s o u r c e  would remain u s e l e s s ,  t h e r e  is  no 

r e a s o n  why s u c h  a r e s o u r c e  s h o u l d  n o t  b e  used .  I n  s e v e r a l  d e s e r t  a r e a s  

huge groundwater  b o d i e s  a r e  known t o  e x i s t ,  which up t o  t h e  p r e s e n t  

d o  n o t  s e r v e  a n y  purpose  o r  a r e  j u s t  a t  t h e  beg inn ing  of be ing  

e x p l o i t e d .  

e The e f f e c t s  o f  t h e  u s e  o f  a w a t e r  s o u r c e  w i t h  r e s p e c t  t o  t h e  

environment  have t o  be k e p t  as s m a l l  a s  p o s s i b l e ,  s i n c e  compensatory 

o r  n e u t r a l i z i n g  measures  a s  are customary i n  The N e t h e r l a n d s ,  w i l l  

g e n e r a l l y  be t o o  e x p e n s i v e .  

3 . 2 . 3  Direct effects 

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

d e v e l o p i n g  c o u n t r i e s  i s  a f f e c t e d  by t h e  s o c i a l  and s t r u c t u r a l   condition^ 

i n  t h e s e  c o u n t r i e s .  

The i n v e s t i g a t i o n s  have t o  be c a r r i e d  o u t  i n  a n  i n e x p e n s i v e  way w i t h  

l i m i t e d  manpower, e x p e r i e n c e  and equ ipment ,  and t h e  w a t e r  s o u r c e s  

have t o  be l o c a t e d  and e v a l u a t e d  w i t h i n  l i t t l e  time. E.g. comple te  

pumping t e s t s  w i t h  a s p e c i a l l y  d r i l l e d  pumped well and  2 s e r i e s  o f  

o b s e r v a t i o n  wells w i l l  seldom f i g u r e  i n  t h e  working programme; 

g e n e r a l l y  t h e  h y d r o l o g i s t  w i l l  have  t o  manage w i t h  tests on s i n g l e  

e x i s t i n g  w e l l s ,  b o t h  d r i l l e d  smal l -d iamete r  w e l l s  and wide dug 

w e l l s .  D i scharge  measurements i n  small wa te r  c o u r s e s  o f t e l  havn t o  

be  c a r r i e d  o u t  i n  a r a t h e r  p r i m i t i v e  way, e . g .  w i t h  t h e  a i d  o f  small 

p o r t a b l e  w e i r s  dug i n  i n t o  t h e  c h a n n e l  bed,  o r  w i t h  sa l t ,  a p a i l  



and a  c o n d u c t i v i t y  meter, o r  s i m p l y  w i t h  a s t r a w  thrown i n t o  t h e  

runnin,  ~1;l;ier LO ,,!easure i ts  v e l o c i t y .  Many more s i m i l a r  examples  

c o u l d  be men t ioned .  

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

p o s s i b i l i t i e s  o f  r a p i d l y  c h a n g i n g  boundary c o n d i t i o n s  and improper  

e x p l o i t a t i o n  o f  t h e  s o u r c e  s h o u l d  be t a k e n  i n t o  a c c o u n t  and t h e i r  

consequences  s t u d i e d .  

3.2 E f f e c t s  ~ y  t h e  l o c a l  h y d r o l o g i c a l  c o n d i t i o n s  

S i n c e  h y d r o l o g i c a l  c o n d i t i o n s  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 t e n  d i f f e r  

g r e a t l y  from t h o s e  i n  The N e t h e r l a n d s ,  t h e  q u e s t i o n  a r i s e s  i n  how f a r  

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

A s  t o  t h i s  q u e s t i o n ,  some i m p o r t a n t  a s p e c t s  w i l l  be  d e a l t  w i t h  i n  t h e  

p a p e r s  by M r .  Amesz and M r .  Campen. Moreover,  some o f  t h e  r ema in ing  

i t e m s  need h a r d l y  be  e l u c i d a t e d ;  it is  o b v i o u s  t h a t  i n  a  semi -a r id  

c o u n t r y  e . g .  much more a t t e n t i o n  w i l l  have t o  be  p a i d  t o  t h e  e v a l u a t i o n  

o f  e v a p o t r a n s p i r a t i o n  t h a n  i n  a c o u n t r y  w i t h  a  wet c l i m a t e .  The re  

r ema in ,  however ,  a  few p o i n t s  which have  t o  b e  men t ioned-  These p o i n t s  

r e g a r d  t h e  n a t u r a l  env i ronmen t .  

The h y d r o l o g i s t  w i l l  have t o  pay a t t e n t i o n  t o  t h e  e x p e c t e d  e f f e c t s  of 

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

s u p p l y  sys t em on t h e  env i ronmen t  i n  t h a t  a r e a .  The h y d r o l o g i s t s  i s  t h e  

one  who h a s  t o  i n f o r m  t h e  a u t h o r i t i e s  and t h e  p e o p l e  a b o u t  t h e s e  

e f f e c t s .  G e n e r a l l y  n o  o t h e r  p e r s o n  w i l l  t h i n k  o f  i t ;  p e o p l e  g e n e r a l l y  

have  n o t  t h e  f a i n t e s t  n o t i o n  a b o u t  s u c h  e f f e c t s  o r  a r e  n o t  i n t e r e s t e d  

a t  a l l .  What i s  r e f e r r e d  t o  h e r e  a r e  e . g .  t h e  s p r e a d i n g  o f  m a l a r i a ,  

b i l h a r z i a  and o t h e r  w a t e r - r e l a t e d  d i s e a s e s  a s  a consequence  o f  human 

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

a s p e c t s  o f  p u b l i c  h e a l t h  do n o t  b e l o n g  t o  t h e  h y d r o l o g i s t ' s  f i e l d  o f  

work,  b u t  h e  s h o u l d  pay a t t e n t i o n  t o  it and n o t i f y  t h e  h e a l t h  

a u t h o r i t i e s  o f  t h e  c o u n t r y .  

Another example  is t h e  c o n s t r u c t i o n  o f  b e t t e r  w a t e r i n g - p l a c e s  f o r  

c a t t l e ,  which may a t t r a c t  large h e r d s .  I n  a r e a s  where  t h e  e c o l o g i c a l  

e q u i l i b r i u m  is v e r y  s e n s i t i v e  t o  f o r e i g n  i n f l u e n c e s ,  s u c h  as i n  t h e  

S a h e l i a n  r e g i o n ,  t h e  c o n c e n t r a t i o n  o f  l a r g e  amounts  o f  c a t t l e  w i l l  



r e s u l t  i n  trampled-down and over -g razes  v e g e t a t i o n  i n  wide a r e a s  around 

t h e  w a t e r i n g - p l a c e ,  which i n  i ts  t u r n  may l e a d  t o  e r o s i o n  and 

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

3.3 F i n a l  remark 

It s h o u l d  be p o i n t e d  o u t  t h a t  on t h e  one  hand h i g h l y  advances  equipment 

and methods a r e  used  i n  h y d r o l o g i c a l  s t u d i e s  i n  t h e  Water Decade 

- s a t e l l i t e  pho tographs ,  g e o p h y s i c a l  i n v e s t i g a t i o n  methods,  

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

e t c .  - and on t h e  o t h e r  hand r a t h e r  p r i m i t i v e  methods i n  f i e l d  work 

and d a t a  a n a l y s i s .  Th i s  combina t ion  i s  more c h a r a c t e r i s t i c  f o r  

i n v e s t i g a t i o n s  i n  t h e  Third-World c o u n t r i e s  t h a n  i n  The Ne the r l ands .  

4 SPECIAL REQUIREMENTS TO BE MET BY THE HYDROLOGIST 

When t h e  h y d r o l o g i s t  h a s  t o  work u n d e r  d i f f e r e n t  c o n d i t i o n s  and t h e  

h y d r o l o g i c a l  work i s  d i f f e r e n t  from t h a t  i n  t h e  home-country, it is  

e v i d e n t  t h a t  t h e  h y d r o l o g i s t  w i l l  have t o  meet d i f f e r e n t  r e q u i r e m e n t s .  

The l a c k  of s u f f i c i e n t  d a t a  and e x p e r i e n c e d  a s s i s t a n t s  w i l l  make h i g h  

demands on h i s  o r  h e r  i n s i g h t ,  knowledge, i m a g i n a t i o n  and i n v e n t i v i t y .  

Of ten  i t  w i l l  n o t  be  p o s s i b l e  t o  u s e  s t a n d a r d  methods and s t a n d a r d  

s o l u t i o n s ;  t h e  h y d r o l o g i s t  w i l l  have  t o  improv i se  more t h a n  i n  The 

N e t h e r l a n d s .  F i e l d  work w i l l  t a k e  a much l a r g e r  p o r t i o n  o f  h i s  t ime  

t h a n  a t  home and it w i l l  p r e s e n t  more o b s t a c l e s .  A f i e l d  v i s i t  o f t e n  

r e q u i r e s  s p e c i a l  p e r m i t s  from t h e  n a t i o n a l ,  l o c a l  o r  m i l i t a r y  

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

v i l l a g e  c h i e f  and p a l a v e r s  w i t h  o t h e r  i m p o r t a n t  peop le .  It i s  seldom 

t h a t  one c a n  j u s t  walk i n t o  t h e  f i e l d s  w i t h  h i s  i n s t r u m e n t s  and c a r r y  

o u t  h i s  work. T h e r e f o r e  t h e  h y d r o l o g i s t  shou ld  n o t  l a c k  p a t i e n c e  and 

t a c t .  He a l s o  s h o u l d  p r e f e r a b l y  have a good g e o l o g i c a l  background i n  

o r d e r  t o  r e c o g n i z e  i m p o r t a n t  h y d r o l o g i c a l  and g e o l o g i c a l  

c h a r a c t e r i s t i c s  ( t e r r a c e s ,  f a u l t s ,  g r a b e n s ,  p l a y a s ,  v o l c a n i c  f e a t u r e s ,  

e t c . )  d u r i n g  h i s  f i e l d  v i s i t s  o r  from a i r  pho tographs .  Some hydro- 

m e t e o r o l o g i c a l  and a g r o h y d r o l o g i c a l  knowledge t o o  is n e c e s s a r y  i n  o r d e r  



to make reliable estimates of evapotranspiration, evaporation losses in 

reservoirs and lakes, rainfall excess and recharge of the groundwater, 

storm run-off of rivers etc. Sometimes he must know something about 

water-conservation methods, in order to be able to give a justified 

advice. 

As generally time, money, equipment and manpower are limited, it is 

essential with repect to the field work that much attention is paid 

to the selection of the many items one would like to study in the 

field and to determine what can be left to be done by the local people 

or what can be done later. A well defined program is essential, even 

more so than in The Netherlands, as returning to the field in order to 

study a forgotten feature will hardly ever be possible. 

The large amount of field work will bring the hydrologist frequently 

in contact with the local population. Through talks with them he will 

have to get information which in addition to his own measurements 

and observations can complete the hydrological picture. It is, 

therefore, useful if he knows something of their language and in 

particular of their manners and customs; conducts that hurt the local 

feelings might have unpleasant consequences. Addressing a woman in 

the village, stroking boy over his hair, passing something to somebody 

with the left hand, and the like, should be avoided in certain countries. 

Equally wrong would it be to take a bucket of water from a village 

well, analyse a sample and, for reasons of economy, throw the remaining 

water back into the well. People may suspect the hydrologist of 

poisoning or profaning the well. Many more examples of mistakes in 

eonduct can be given. 

Since women are often the ones who take care of water supply, talks 

with them can be very useful. For this reason it may help to include 

a female hydrologist or field worker in the team, as in quite a few 

countries men are not permitted to speak to a woman which is not one 

of his relatives. Questions to local people have to be worded in such 

a way that a reliable answer is received. This may not easy at all. 

Often people give such an answer as they assume the other one will 

like to hear. Moreover the rural people rarely know the dimensions 

of a metre or the time of an hour. Quite often they have got bad 

experiences with authorities or officials from the towns, and 

consequently are hardly inclined to give information. 



F i g u r e  4 Often t h e  h y d r o l o g i s t  w i l l  f i n d  many r e a d y  hands t o  c a r r y  

h i s  t h i n g s .  Ba l ikpapan ,  I n d o n e s i a  

F i g u r e  5 E a s i e s t  method o f  t a k i n g  a w a t e r  sample  f rom a  r i v e r :  

a s k i n g  a  v i l l a g e r  t o  jump i n t o  t h e  w a t e r  and f i l l  a  

j e r r y c a n .  West-Java, I n d o n e s i a  



On t h e  o t h e r  hand t h e  h y d r o l o g i s t  sometimes mee t s  w i t h  a s t o n i s h i n g  

c a s e s  o f  c o - o p e r a t i v e n e s s .  He is a d m i t t e d  i n  t h e  a r c h i v e s  t o  l o o k  

h i m s e l f  f o r  d a t a ;  even  comple te  f i l e s  and un ique  maps are l e n t  o u t  

t o  him w i t h o u t  r e c e i p t .  I want t o  stress s t r o n g l y  t h e  n e c e s s i t y  t h a t  

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

r e t u r n s  t h e  documents.  By n o t  d o i n g  s o  h e  n o t  o n l y  would d e s t r o y  t h e  

good image o f  t h e  f o r e i g n  c o n s u l t a n t  b u t  he  a l s o  would make working 

c o n d i t i o n s  f o r  h i s  s u c c e s s o r s  much more d i f f i c u l t .  

A well-known problem i n  many d e v e l o p i n g  c o u n t r i e s  is  t h e  l a c k  o f  a. 

good follow-up a f t e r  t h e  d e p a r t u r e  o f  t h e  c o n s u l t a n t  and  h i s  f i e l d  

team. T h e r e f o r e  t h e  h y d r o l o g i s t  h a s  t o  conv ince  t h e  a u t h o r i t i e s  and 

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

measurements s t a r t e d  by h i s  team and  o f  m a i n t a i n i n g  t h e  gauges  and 

o t h e r  h y d r o l o g i c a l  f i e l d  equipment .  The d a t a  c o l l e c t e d  t h a t  way may 

form t h e  beg inn ing  o f  h y d r o l o g i c a l  a r c h i v e s  i n  c a s e  t h e y  d o  n o t  y e t  

e x i s t .  Th i s  i m p l i e s  a c e r t a i n  e d u c a t i o n a l  t a s k  o f  t h e  h y d r o l o g i s t .  

It i s  c l e a r  t h a t  f o r  t h a t  purpose t o o  some knowledge o f  t h e  l o c a l  

l anguage  and customs is  u s e f u l  o r  r a t h e r  i n d i s p e n s a b l e .  

A f i n a l  remark h a s  t o  be made t o  c o r r e c t  t o o  romant i c  i d e a s  t h a t  

might  e x i s t  w i t h  r e s p e c t  t o  t h e  h y d r o l o g i s t ' s  work. G e n e r a l l y  t h e  

h y d r o l o g i s t  and h i s  team working i n  a Third-World c o u n t r y  a r e  no 

l o n g e r  peop le  l e f t  a l o n e  i n  a  s a v a g e  r e g i o n  f o r  many days  o r  weeks 

l i k e  former  e x p l o r e r s .  Now t h e r e  are p o r t a b l e  r a d i o s  f o r  communications 

i n  t h e  f i e l d ,  r a d i o  c o n n e c t i o n s  w i t h  t h e  f i e l d  b a s e ,  t h e  l o c a l  o f f i c e  

o r  t h e  l o c a l  r e p r e s e n t a t i v e  i n  t h e  c a p i t a l .  There a r e  t e l e x  and 

t e l e p h o n e  c o n n e c t i o n s  w i t h  t h e  main o f f i c e  i n  t h e  home c o u n t r y ,  

t h r o u g h  which a l m o s t  immediate ly  t h e  h y d r o l o g i s t  can  g e t  a d v i c e  and 

s u p p o r t  from t h e  head o f f i c e ' s  l a b s ,  computer s e c t i o n  e t c .  What 

r emains  a r e  some p h y s i c a l  h a r d s h i p s ,  due  t o  c l i m a t e ,  topography ,  t h e  

l o c a l  f o o d ,  l a c k  o f  s a f e  wa te r  e t c .  

The g r e a t e s t  r i s k  is caused by t r o p i c a l  o r  w a t e r - r e l a t e d  d i s e a s e s .  

T h i s  r i s k ,  however,  i s  s u f f i c i e n t l y  compensated by t h e  h i g h l y  

i n t e r e s t i n g  work and t h e  s t i m u l u s  c r e a t e d  by t a k i n g  p a r t  i n  t e c h n i c a l  

a s s i s t a n c e ,  p r o v i d i n g  w a t e r  t o  peop le  s u f f e r i n g  from l a c k  o f  i t .  



Figure 6 The hydrologist's luxurious lodgings, Kankalaba, Upper-Volta; 

a hut vacated by the owners by order of the village chief 
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ABSTRACT 

Hydrogeo log ica l  i n v e s t i g a t i o n s  a r e  a  p r e r e q u i s i t e  i f  a  n a t i o n  is t o  

r a t i o n a l l y  d e v e l o p  and manage its l i m i t e d  g roundwate r  r e s o u r c e s ,  

b u t  few Th i rd  World c o u n t r i e s  have  o p t i m a l l y  f u n c t i o n i n g  r e s e a r c h  

i n s t i t u t e s  t o  do t h e s e  i n v e s t i g a t i o n s ,  l a r g e l y  because  o f  t h e  low 

p r i o r i t y  g i v e n  t o  h y d r o g e o l o g i c a l  r e s e a r c h  i n  t h e  p a s t .  A s  p a r t  o f  The 

Ne the r l ands  b i l a t e r a l  a i d  programme, r e s e a r c h  p r o j e c t s  have  been 

c a r r i e d  o u t  j o i n t l y  by Groundwater Survey TNO and s i s t e r  i n s t i t u t e s  

i n  L a t i n  America,  A f r i c a  and Asia .  The s t r e n g t h e n i n g  o f  r e s e a r c h  

i n s t i t u t e s  is t h e  main o b j e c t i v e  o f  t h e s e  j o i n t  p r o j e c t s .  A second 

o b j e c t i v e  is  t h e  r a t i o n a l  development  and management o f  w a t e r  r e s o u r c e s  

i n  a  s p e c i f i c  r e g i o n .  Both o b j e c t i v e s  a r e  mainly  a c h i e v e d  by 

t r a i n i n g  p e r s o n n e l  and by d o i n g  h y d r o g e o l o g i c a l  i n v e s t i g a t i o n s .  

During t h e s e  j o i n t  p r o j e c t s  it h a s  been obse rved  t h a t  t h e r e  a r e  

c e r t a i n  c o n s t r a i n t s ,  common t o  most c o u n t r i e s ,  t h a t  hamper t h e  e n t i r e  

w a t e r  s e c t o r .  A t  t h e  n a t i o n a l  l e v e l  t h e s e  c o n s t r a i n t s  a r e :  t h e  l a c k  

o f  a  p o l i c y  f o r  t h e  r a t i o n a l  development  and management o f  w a t e r ,  

t h e  c o n f l i c t i n g  t a s k s  o f  m i n i s t r i e s  and o r g a n i z a t i o n s  (whe the r  

gove rnmen ta l  o r  p r i v a t e )  and t h e  l a c k  o f  c o - o r d i n a t i o n  between t h e s e  

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

weak management and t h e  l a c k  o f  q u a l i f i e d  p e r s o n n e l .  

The s t r e n g t h e n i n g  o f  r e s e a r c h  i n s t i t u t e s  is  undoub ted ly  i m p o r t a n t .  

However, i f  t h e  w a t e r  s e c t o r  i n  t h e  Th i rd  World is t o  be s t r u c t u ~ a l l y  

improved,  t h i s  must be accompanied by a  s t r e n g t h e n i n g  o f  w a t e r  
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development  o r g a n i z a t i o n s  and e d u c a t i o n a l  i n s t i t u t i o n s .  

1 HYDROGEOLOGICAL INVESTIGATION 

Hydrogeo log ica l  i n v e s t i g a t i o n s  c a n  be c l a s s i f i e d  a c c o r d i n g  t o  s c a l e  

i n t o  na t ion -wide ,  r e g i o n a l  and l o c a l  s u r v e y s .  

Nation-wide s u r v e y s  f o c u s  upon t h e  c o l l e c t i o n ,  p r o c e s s i n g  and 

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

- t o  i d e n t i f y  t h e  main h y d r o m e t e o r o l o g i c a l  and h y d r o g e o l o g i c a l  

f e a t u r e s ;  

- t o  d e f i n e  h y d r o g e o l o g i c a l  b o u n d a r i e s ;  

- t o  i d e n t i f y  a r e a s  whose w a t e r  development  o r  w a t e r  management may 

c a u s e  problems ; 

- t o  s e t  p r i o r i t i e s ;  

- t o  d r a f t  a  long- term programme f o r  s y s t e m a t i c  r e g i o n a l  h y d r o g e o l o g i c a l  

i n v e s t i g a t i o n s .  

A na t ion -wide  i n v e s t i g a t i o n  u s u a l l y  t a k e s  a  r e l a t i v e l y  s h o r t  t i m e  

( 6  months )  and is  done by an  e x p e r i e n c e d  h y d r o g e o l o g i s t ,  a s s i s t e d  by 

some j u n i o r  p r o f e s s i o n a l s .  The a c c e s s i b i l i t y  o f  t h e  d a t a  w i l l  ma in ly  

d e t e r m i n e  t h e  t i m e  r e q u i r e d .  While t h e  i n v e s t i g a t i o n  i s  i n  p r o g r e s s ,  

work can  beg in  on s e t t i n g  up a  d a t a  base  and a n  o b s e r v a t i o n  ne twork .  

Regional  o r  l o c a l  s u r v e y s  aim t o  a c q u i r e  a d d i t i o n a l  d a t a .  G e n e r a l l y ,  

d a t a  a r e  s c a r c e  and t h e r e f o r e  f i e l d w o r k  is v i t a l :  t h i s  r e q u i r e s  

c o n s i d e r a b l e  manpower, equipment  and f u n d s .  

Depending on t h e  s t a g e  o f  w a t e r  development ,  r e g i o n a l  o r  l o c a l  s u r v e y s  

c a n  i n v o l v e  t h e  e x p l o r a t i o n  o r  a s s e s s m e n t  o f  w a t e r  r e s o u r c e s  (Annex 1 ).  

I n i t i a l  wa te r  development  demands e x p l o r a t i o n ,  i . e .  t h e  i d e n t i f i c a t i o n  

and l o c a t i o n  o f  a q u i f e r s .  I n c r e a s i n g  development  r e q u i r e s  t h e  

a s s e s s m e n t  o f  w a t e r  r e s o u r c e s ,  i - e .  t h e  i d e n t i f i c a t i o n  o f  g roundwate r  

s y s t e m s  and t h e  d e s c r i p t i o n  o f  f a c t o r s  t h a t  d e t e r m i n e  t h e  q u a n t i t y  

and q u a l i t y  o f  w a t e r  and g roundwate r  r e s o u r c e s .  

Most o f  t h e  j o i n t  p r o j e c t s  done  by Groundwater Survey TNO i n  

c o - o p e r a t i o n  w i t h  s i s t e r  i n s t i t u t e s  i n  t h e  Th i rd  World conce rn  t h e  

s y s t e m a t i c  r e g i o n a l  a s s e s s m e n t  o f  w a t e r  r e s o u r c e s .  These p r o j e c t s  



r e q u i r e  two o r  t h r e e  y e a r s ,  t o  c o l l e c t ,  p r o c e s s  and e v a l u a t e  a v a i l a b l e  

d a t a ,  t o  a c q u i r e ,  p r o c e s s  and e v a l u a t e  a d d i t i o n a l  d a t a  and  t o  d r a f t  

r e p o r t s .  

The j o i n t  p r o j e c t s  c a r r i e d  o u t  w i t h i n  t h e  framework of t h e  b i l a t e r a l  

a i d  programma o f  The Ne the r l ands  a r e  o u t l i n e d  below. - 
Fur the rmore  an  a t t e m p t  h a s  been made t o  h i g h l i g h t  t h e  main c o n s t r a i n t s  

t h a t  hamper t h e  w a t e r  s e c t o r  i n  most c o u n t r i e s  and t h a t  d i r e c t l y  o r  

i n d i r e c t l y  i n t e r f e r e  w i t h  t h e  p r o j e c t s .  

2 JOINT PROJECTS 

2.1 P r o j e c t  o b j e c t i v e s  

The long- term o r  development  o b j e c t i v e s  o f  t h e s e  c a n  be summarized a s  

f o l l o w s  : 

- b u i l d i n g  up i n s t i t u t i o n s ;  

- e n s u r i n g  t h e  e f f e c t i v e  u s e ,  r a t i o n a l  development  and p r o p e r  management 

o f  w a t e r  r e s o u r c e s .  

T h e r e f o r e  t h e  s h o r t - t e r m  o r  immediate  o b j e c t i v e s  a r e :  

- manpower t r a i n i n g ;  

- a s s e s s m e n t  o f  w a t e r  r e s o u r c e s .  

The manpower t r a i n i n g  i n c l u d e s :  on - the - job  t r a i n i n g ,  s h o r t  c o u r s e s  and 

f e l l o w s h i p s  f o r  t r a i n i n g  i n  The N e t h e r l a n d s .  The on- the - job  t r a i n i n g  

i s  c o n s i d e r e d  t o  be t h e  most i m p o r t a n t  and is  donk d u r i n g  t h e  

h y d r o g e o l o g i c a l  i n v e s t i g a t i o n s .  In  f a c t ,  c o n t i n u o u s  on - the - job  

t r a i n i n g  o c c u r s  because  o f  t h e  n a t u r e  o f  t h e  o r g a n i z a t i o n a l  s e t - u p :  

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

i n v e s t i g a t i o n s ,  whereas  Groundwater Survey TNO b e a r s  t h e  r e s p o n s i b i l i t y  

f o r  a d e q u a t e  t r a i n i n g ,  i n s t r u c t i o n  and a d v i c e .  Consequen t ly  t h e  

on - the - job  t r a i n i n g  c o v e r s  a l l  a s p e c t s  o f  i n v e s t i g a t i o n :  i n v e n t o r y ,  

a c q u i s i t i o n  and p r o c e s s i n g  o f  d a t a ,  and t h e  r e p o r t i n g  o f  t h e  

r e s u l t s .  

While t h e  p r o j e c t  is i n  p r o g r e s s ,  s h o r t  c o u r s e s  a r e  o r g a n i z e d .  These 

a r e  g e n e r a l l y  n o t  o n l y  a t t e n d e d  by t h e  p r o j e c t  team b u t  a l s o  by 

p r o f e s s i o n a l s  o r  t e c h n i c i a n s  f rom o t h e r  d e p a r t m e n t s ,  i n s t i t u t e s  o r  



u n i v e r s i t i e s  i n  t h a t  p a r t i c u l a r  c o u n t r y .  

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

f o r m a l i z e d  and bo th  t h e  o r g a n i z a t i o n  and t h e  l e c t u r i n g  a r e  g r a d u a l l y  

t a k e n  o v e r  by t h e  s i s t e r  i n s t i t u t e .  

2.2 S e l e c t i o n  o f  p r o j e c t  a r e a  

The a r e a  o f  s t u d y  s h o u l d  be s e l e c t e d  u s i n g  t h e  f o l l o w i n g  c r i t e r i a :  

- its p r i o r i t y  f o r  w a t e r  development  o r  w a t e r  management; 

- i t s  s u i t a b i l i t y  a s  a  c a s e  s t u d y  f o r  t r a i n i n g  l o c a l  p e r s o n n e l ;  

- whether  it is a  r e p r e s e n t a t i v e  b a s i n ;  

- c o s t  b e n e f i t  r a t i o ;  

- a c c e s s i b i l i t y ,  s a f e t y ,  a v a i l a b i l i t y  o f  maps,  e t c .  

In a d d i t i o n ,  t h e  p o l i c y  o f  t h e  n a t i o n a l  government  and t h e  s t r a t e g y  o f  

The Ne the r l ands  b i l a t e r a l  development  c o - o p e r a t i o n  w i l l  d e t e r m i n e  

t h e  a r e a  t o  be s e l e c t e d .  

P r o j e c t  a r e a s  a r e  f r e q u e n t l y  s i t u a t e d  &I r emote  and i s o l a t e d  r e g i o n s .  

T h e r e f o r e  p r o j e c t  p l a n n i n g  must be tho rough  and must a n t i c i p a t e  

problems o f  t r a n s p o r t ,  communicat ion,  h o u s i n g ,  f u e l ,  s p a r e  p a r t s ,  

m o t i v a t i o n  o f  p e r s o n n e l ,  e t c .  

2 .3 b i n  a c t i v i t i e s  

2.3.1 General 

The main a s p e c t s  t o  be s t u d i e d  and t h e  r e l a t e d  i n v e s t i g a t i o n  t e c h n i q u e s  

a r e  summarized i n  Annex 2 .  A s c h e d u l e  o f  a c t i v i t i e s  i s  p r e s e n t e d  i n  

Annex 3. An e x p l a n a t i o n  and some r e l a t e d  i s s u e s  f o l l o w .  

2.3.2 Data coZZection 

h c h  t i m e  i s  r e q u i r e d  t o  c o l l e c t  t h e  a v a i l a b l e  d a t a ,  because  t h e y  a r e  

u s u a l l y  n o t  e a s i l y  a c c e s s i b l e .  



The f o l l o w i n g  d i f f i c u l t i e s  o c c u r :  

- d a t a  a r e  found t o  b e  wide ly  d i s t r i b u t e d  among v a r i o u s  d e p a r t m e n t s ,  

o r g a n i z a t i o n s  o r  i n s t i t u t e s ;  

- o f f i c i a l  l e t t e r s  a r e  r e q u i r e d  t o  o b t a i n  a c c e s s  t o  t h e  d a t a ,  b u t  t h i s  

a u t h o r i z a t i o n  is n o t  a lways  g i v e n ;  

- documenta t ion  is poor  and l o c a t i o n  maps a r e  l a c k i n g ;  

- t h e r e  a r e  no f a c i l i t i e s  f o r  making c o p i e s .  

It is  v i t a l  t o  e s t a b l i s h  an  o p t i m a l l y  f u n c t i o n i n g  d a t a  b a s e ,  n o t  o n l y  

t o  improve a c c e s s i b i l i t y  t o  d a t a  b u t  a l s o  t o  p r e v e n t  i n v a l u a b l e  d a t a  

be ing  l o s t .  

2.3.3 Well inventory 

Although n o t  a  s p e c t a c u l a r  a c t i v i t y ,  a  t ho rough  w e l l  i n v e n t o r y  may 

p roduce  a  c o n s i d e r a b l e  amount o f  d a t a .  O f t e n ,  t h i s  t ime-consuming 

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

An example o f  a  w e l l  i n v e n t o r y  d a t a  s h e e t  is g i v e n  i n  Annex 4 :  it comes 

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

t h e  Yemen Arab R e p u b l i c .  During a p p r o x i m a t e l y  f o u r  months 1800 w e l l s  

were  i n v e n t o r i z e d  . 

2.3.4 Establishment and operation o f  networks 

O n c e w e l l s h a v e  been s e l e c t e d ,  a  ne twork  n e e d s  t o  be  e s t a b l i s h e d  t o  

mon i to r  r roundwate r  l e v e l s .  An o b s e r v a t i o n  network i s  a l s o  o f t e n  

r e q u i r e d  t o  mon i to r  r a i n f a l l  and r i v e r  d i s c h a r g e .  Sometimes a  

m e t e o r o l o g i c a l  s t a t i o n  h a s  t o  be set u p .  S e t t i n g  up s u c h  n e t w o r k s ,  

e s p e c i a l l y  e n s u r i n g  t h a t  t h e y  o p e r a t e  smoo th ly ,  i s  a  t ime-consuming 

t a s k .  To s e c u r e  c o n t i n u i t y  a f t e r  t h e  l i f e s p a n  o f  t h e  p r o j e c t ,  t h e  

o p e r a t i o n  o f  t h e  ne tworks  s h o u l d  be  t a k e n  o v e r  by l o c a l  b o d i e s  a s  

soon  as p o s s i b l e .  

Most c o u n t r i e s  g e n e r a l l y  l a c k  a  g roundwate r  o b s e r v a t i o n  ne twork .  

Yet w a t e r  management c a n n o t  be r e l i a b l y  p l anned  w i t h o u t  l o n g  t ime-  

s e r i e s  o f  d a t a  a s  g roundwate r  l e v e l s .  



2.3.5 GeophysicaZ operations 

The r e l i a b i l i t y  o f  g e o p h y s i c a l  s u r v e y s  depends  on  t h e  method a p p l i e d ,  

t h e  q u a l i t y  o f  t h e  i n s t r u m e n t s  and t h e  amount and q u a l i t y  o f  t h e  

a d d i t i o n a l  d a t a .  S p e c i a l i z e d  e x p e r t s  and r e l i a b l e  i n s t r u m e n t s  a r e  

r e q u i r e d .  Geophys ica l  o p e r a t i o n s  are e x p e n s i v e  b u t  t h e  s a v i n g s  r e s u l t i n g  

from them c a n  more t h a n  ou twe igh  t h e i r  c o s t .  

S e t t i n g u p  a n  i n s t r u m e n t  workshop and r e l a t e d  manpower t r a i n i n g  i s  

a n  i n e v i t a b l e  c o n c o m i t a n t  o f  g e o p h y s i c a l  s u r v e y s .  I n  most Th i rd  World 

c o u n t r i e s  t h e  ma in tenance  and r e p a i r  o f  g e o p h y s i c a l  and o t h e r .  

i n s t r u m e n t s  g e n e r a l l y  l e a v e  much t o  be d e s i r e d .  

D r i l l i n g  is  o f t e n  t h e  major  p r i o r i t y ,  because  a v a i l a b l e  b o r e h o l e  d a t a  

a r e  s c a r c e  and u n r e l i a b l e .  The d r i l l i n g  method and t h e  d r i l l i n g  r i g  

w i l l  be d e t e r m i n e d  by t h e  d e p t h  o f  d r i l l i n g  t h e  o b j e c t i v e s  o f  t h e  

d r i l l i n g  programme, what f a c i l i t i e s ,  a r e a v a i l a b l e  f o r  ma in tenance ,  c o s t s ,  

and t h e  a v a i l a b i l i t y  o f  f u e l .  Impor t an t  i s s u e s  i n  d r i l l i n g  o p e r a t i o n s  

a r e :  t h e  u s e  o f  d r i l l i n g  f l u i d  a d d i t i v e s ,  t h e  sampl ing  o f  r o c k s ,  

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

t h e  comple t ion  o f  t h e  w e l l s  and t h e i r  s u b s e q u e n t  deve lopmen t .  

G e n e r a l l y ,  a n  e x p e r i e n c e d  d r i l l i n g  s u p e r v i s o r  is  e s s e n t i a l .  

2.3.7 Geophysical well logging 

Geophysical  w e l l  l o g s  p r o v i d e  c o n t i n u o u s  and o b j e c t i v e  r e c o r d s  t h a t  

a r e  c o n s i s t e n t  i n  t ime  and p l a c e ,  and do n o t  v a r y  a c c o r d i n g  t o  t h e  

t e rmino logy  o f  d i f f e r e n t  d r i l l e r s  and g e o l o g i s t s .  Proper  g e o p h y s i c a l  

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

t o  be c o r r e l a t e d  w i t h i n  a r e g i o n  o f  g e o l o g i c a l  c o h e r e n c e .  

Our u n d e r s t a n d i n g  o f  t h e  g e o l o g y  and hydrogeo logy  o f  some c o u n t r i e s  

would be c o n s i d e r a b l y  improved i f  g e o p h y s i c a l  w e l l  l o g s  c o u l d  be run  



a s  a  m a t t e r  o f  r o u t i n e  i n  10% o f  t h e  b o r e h o l e s  d r i l l e d .  I n  some 

c o u n t r i e s  o v e r  1000 w e l l s  a r e  d r i l l e d  p e r  y e a r .  

' 2.3.8 Aquifer t e s t s  

An a q u i f e r  t e s t  o r  pumping t e s t  is one  o f  t h e  most u s e f u l  means 

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

conr ' in ing beds .  However, t h e  d e p t h  t o  t h e  g roundwate r  l e v e l  is o f t e n  

c o n s i d e r a b l e :  t h i s  makes it e x p e n s i v e  t o  d r i l l  o b s e r v a t i o n  b o r e h o l e s .  

I n  most c a s e s  w e l l  tests (pumping and o b s e r v a t i o n  i n  t h e  same 

b o r e h o l e )  c a n b e c a r r i e d  o u t ,  r e s u l t i n g  i n  r e l i a b l e  t r a n s m i s s i v i t y  d a t a .  

Exper i ence  i s  r e q u i r e d  t o  c a r r y  o u t  a q u i f e r  t e s t s  p r o p e r l y  and t o  

i n t e r p r e t  t h e  r e s u l t s .  

2.3.9 HydrochemicaZ investigations 

The f r equency  o f  sampl ing  and t h e  amount o f  w a t e r  s a m p l e s  t o  be 

c h e m i c a l l y  a n a l y s e d ,  u s u a l l y  depend on t h e  c a p a c i t y  o f  t h e  a v a i l a b l e  

l a b o r a t o r y  and somet imes  on t h e  a v a i l a b i l i t y  o f  c h e m i c a l  r e a g e n t s  o r  

s p a r e  p a r t s  f o r  equipment .  It is  r a r e l y  p o s s i b l e  t o  do b a c t e r i o l o g i c a l  

a n a l y s i s  o f  w a t e r  s amples  from remote  a r e a s ,  a s  t h e s e  samples  c a n n o t  

be s e n t  t o  t h e  l a b o r a t o r y  i n  t i m e .  Some d a t a  on t h e  c h e m i c a l  

c o m p o s i t i o n  o f  t h e  w a t e r  and some q u a l i t a t i v e  i n f o r m a t i o n  on 

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  can  be o b t a i n e d  u s i n g  f i e l d  k i t s .  

2.4 Requirements  

2.4.1 Manpower requirements 

The ach ievemen t  o f  t h e  o b j e c t i v e s  ment ioned above r e q u i r e s  c o n s i d e r a b l e  

manpower o f  t h e  s i s t e r  i n s t i t u t e :  5 - 10 p r o f e s s i o n a l s .  10 - 20 

s u b p r o f e s s i o n a l s  and 20 - 40 a s s i s t a n t s ,  d r i v e r s ,  d raugh t smen ,  

a u x i l i a r i e s ,  e t c .  In a d d i t i o n ,  a d m i n i s t r a t i v e  s u p p o r t  is r e q u i r e d  t o  

s o l v e  l o g i s t i c a l  p rob lems .  

The t r a i n i n g  needs  t o  be implemented by a  team o f  r e s i d e n t s  c o n s i s t i n g  



of a hydrogeologist (who is also co-manager of the project,) a 

hydrologist, a geophysicist and a technician. 

In addition experts seconded for short periods are required to cover 

special fields of interest such as: supervising drilling operations, 

specifying the data base, setting up an instrument workshop, 

implementing modelling techniques, running special training courses, 

etc . 
Without experienced experts and adequate technical backstopping the 

projects cannot be properly implemented. 

2.4.2 Equipment 

Much equipment is required for intensive field survey: vehicles, a 

drilling rig, computer facilities, and hydrogeological, hydro- 

meteorological and geophysical equipment. The Netherlands contribution 

to the projects partly covers the equipment requirements. 

2.4.3 OperationaZ costs 

Field surveys in remoteareas require funds to cover the operational 

costs of: transport, operation and maintenance of vehicles and 

drilling rig; housing and office facilities; field allowances etc. 

The operational costs are considerable. Generally they are financed 

entirely by the sister institute. 

2.5 Orga~ization and responsibilities 

Often a research institute begins systematic, regional hydrogeological 

investigations as a direct result of the project, yet neither the 

project nor the project activities fit into the organizational structure 

of the institute. Generally, the project at least partly overlaps the 

activities of existing sections or divisions in the local research 

institute (e.g. drilling, groundwater, surface water). If the main 

task of the project - the systematic regional hydrogeological 



i n v e s t i g a t i o n  - is t o  proceed smooth ly ,  t h e n  t h e  r o l e  t h e  r e s e a r c h  

i n s t i t u t e  can  p l a y  must be c l e a r l y  and f o r m a l l y  d e f i n e d .  The p r o j e c t  o r  

a  s e r i e s  o f  p r o j e c t s  shou ld  f i n a l l y  be f o r m a l i z e d  i n  a p r o p e r l y  

f u n c t i o n i n g  o r g a n i z a t i o n a l  u n i t .  

Both TNO and its l o c a l  p a r t n e r  i n  t h e  p r o j e c t  must be commit ted  t o  

e n s u r i n g  t h e  c o n t i n u i t y  o f  t h e  p r o j e c t .  Th i s  i m p l i e s  t h a t  t h e  s i s t e r  

i n s t i t u t e  s h o u l d  be responsible f o r  d o i n g  t h e  h y d r o g e o l o g i c a l  

i n v e s t i g a t i o n  c o l l e c t i n g a n d  e v a l u a t i n g  d a t a ,  and d r a f t i n g  r e p o r t s ) ,  

whereas  Groundwater Survey TNO s h o u l d  be r e s p o n s i b l e  f o r  t r a i n i n g  

l o c a l  s t a f f  and  f o r  g i v i n g  a d v i c e  s n d  i n s t r u c t i o n s .  

The Ne the r l ands  team is s u p e r v i s e d  by t h e  N e t h e r l a n d s  co-manager;  t h e  

c o u n t e r  p a r t  team is s u p e r v i s e d  by t h e  co-manager o f  t h e  sister 

i n s t i t u t e .  

J o i n t  p r o j e c t s  c a n n o t  succeed  u n l e s s  t h e r e  is a good r e l a t i o n s h i p  

between t h e  t w o t 5 a m s ,  e s p e c i a l l y  between t h e  two co-managers.  

3 CONSTRAINTS 

3.1 I n t r o d u c t i o n  

I n  t h e  c o u r s e  o f  j o i n t  p r o j e c t s  i n  c o u n t r i e s  i n  L a t i n  America,  A f r i c a  

and A s i a ,  c e r t a i n  c o n s t r a i n t s  have  been found t o  s e v e r e l y  hamper 

t h e  e x e c u t i v e  and a d m i n i s t r a t i v e  pe r fo rmance  o f  t h e  w a t e r  s e c t o r  i n  

g e n e r a l  and t h e r e b y ,  t o  i n t e r f e r e  w i t h  t h e  p r o j e c t s .  It g o e s  w i t h o u t  t 

s a y i n g  t h a t  t h e  c o n s t r a i n t s  ment ioned below do n o t  a p p l y  t o  a l l  

c o u n t r i e s .  

3 .2  C o n s t r a i n t s  a t  n a t i o n a l  l e v e l  

Genera l  awareness  o f  t h e  need f o r  w a t e r  management is a r e c e n t  

phenomenon: i n  t h e  p a s t  r e s e a r c h  o r i e n t e d  a c t i v i t i e s  r e c e i v e d  low 

p r i o r i t y .  In most c o u n t r i e s  emphas i s  was o r  is g i v e n  t o  w a t e r  

development .  G e n e r a l l y ,  t h e  p o l i c y  is  t o  p r o v i d e  f u l l  r u r a l  w a t e r  

c o v e r a g e  by t h e  y e a r  2000. 



Goodwil l ,  i n t e n t i o n s  t o  improve r u r a l  l i f e ,  voluminous  t e c h n i c a l  

r e p o r t s  from t h e  Uni ted  N a t i o n s ,  and enormous f i n a n c i a l  and t e c h n i c a l  

s u p p o r t  from many donor  c o u n t r i e s ,  have a l l  c o n t r i b u t e d  t o  t h i s  

commitment. But t h e  r e s u l t i n g  t a s k  f a r  e x c e e d s  t h e  c a p a c i t y  o f  t h e  

r e s p o n s i b l e  d e p a r t m e n t s  and a g e n c i e s .  Moreover,  t h e l a c k o f  p l a n n i n g ,  

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

f o r e i g n  a g e n c i e s  o f t e n  p r e v e n t s  w a t e r  s u p p l y  s y s t e m s  f rom b e i n g  

e s t a b l i s h e d  q u i c k l y  and  p r o p e r l y .  

In most c o u n t r i e s  v a r i o u s  m i n i s t r i e s  ( A g r i c u l t u r e ,  H e a l t h ,  Housing, 

P u b l i c  Works, Environment ,  L i v e s t o c k ,  Fnergy , Tourism e t c  . ) and 

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

s u p p l y  and u s e .  Of t en  r e s p o n s i b i l i t i e s  o v e r l a p  and t h e r e  is d u p l i c a t i o n  

o f  e f f o r t  and c o n f l i c t  o f  a u t h o r i t y .  G e n e r a l l y ,  t h e r e  is no c o - o r d i n a t i o n  

o r  communication between t h e  v a r i o u s  d e p a r t m e n t s  and a g e n c i e s .  

F a c i l i t i e s  f o r  t r a i n i n g  and e d u c a t i o n  a r e  l i m i t e d  i n  most c o u n t r i e s .  

U n i v e r s i t i e s  se ldom s p e c i a l i z e  i n  hydrogeo logy ,  hydro logy  o r  g e o p h y s i c s .  

Only a  few c o u n t r i e s  can  o f f e r  p o s t  g r a d u a t e  c o u r s e s  i n  t h e s e  s u b j e c t s ,  

o r  t r a i n i n g  f a c i l i t i e s  a t  p r o f e s s i o n a l  and s u b - p r o f e s s i o n a l  l e v e l s .  

3.3 C o n s t r a i n t s  a t  t h e  i n s t i t u t i o n a l  l e v e l  

A t  t h e  i n s t i t u t i o n a l  l e v e l  t h e  main c o n s t r a i n t s  r e l a t e  t o  weak 

o r g a n i z a t i o n ,  poor  management, and  a  s h o r t a g e  o f  q u a l i f i e d  manpower, 

equipment  and f u n d s .  The o r g a n i z a t i o n  is o f t e n  p i e c e m e a l :  t h e  emphas i s  

is u s u a l l y  on  a d m i n i s t r a t i v e  management r a t h e r  t h a n  on  b u i l d i n g  up  good 

r e l a t i o n s  between t h e  s t a f f  o f  t h e  i n s t i t u t e  and between t h e  i n s t i t u t e  

and o t h e r  i n s t i t u t i o n s  o r  government  d e p a r t m e n t s .  The drawing up 

o f  t e c h n i c a l  p l a n s  and t h e i r  imp lemen ta t ion  a r e  a l s o  o f t e n  i g n o r e d .  

The most common d e f i c i e n c i e s  i n  management a r e :  

- f a i l u r e  t o  t r a n s f o r m  government p o l i c y  i n t o  implemen ta t ion  p l a n s ;  

- emphasis  on  s h o r t  t e rm a c t i v i t i e s  r a t h e r  t h a n  on c o n s i d e r i n g  l o n g  

t e r m  n e e d s  and p o t e n t i a l s ;  

- l a c k  o f  i n t e r a c t i o n  and communicat ion between o r g a n i z a t i o n a l  u n i t s .  



Management p o s t s a r e  o f t e n  occup ied  by s e n i o r  administrators/politicians 

whose t e n u r e  r a r e l y  lasts more t h a n  o n e  y e a r .  

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

marke t  and t h e  low government s a l a r i e s ,  j o b  m o b i l i t y  is h i g h .  In  some 

c o u n t r i e s  t h e  a n n u a l  t u r n o v e r  o f  newly r e c r u i t e d  p r o f e s s i o n a l s  is  25%, 

which i m p l i e s  a  comple te  r ep lacemen t  o f  a l l  p r o f e s s i o n a l s  d u r i n g  a 

p e r i o d  o f  5 y e a r s .  

S y s t e m a t i c  r e g i o n a l  h y d r o g e o l o g i c a l  i n v e s t i g a t i o n  r a r e l y  fo rms  an  

i n t e g r a l  p a r t  o f  t h e  a c t i v i t i e s  o f  r e s e a r c h  i n s t i t u t e s ,  because  o f  t h e  

low p r i o r i t y ,  g i v e n  t o  r e s e a r c h  i n  t h e  p a s t .  Fu r the rmore  t h e r e  is  a 

s h o r t a g e  o f  q u a l i f i e d  manpower, and equipment  and o f  f u n d s  t o  c o v e r  

t h e  o p e r a t i o n a l  c o s t s .  

In s p i t e  o f  t h e  h i g h  p r i o r i t y  g i v e n  t o  w a t e r  development  i n  most 

c o u n t r i e s ,  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  do n o t  f u n c t i o n  o p t i m a l l y .  

Grea t  improvements c o u l d  be made i n  e x p l o r a t i o n  and e x p l o i t a t i o n  

methods .  

4 SOME CONCLUSIONS AND RECOMMENDATIONS 

e In  most c o u n t r i e s  t h e r e  is  a n  u r g e n t  need t o  e s t a b l i s h  a  government 

p o l i c y  t h a t  i s  o r i e n t e d  t o  t h e  r a t i o n a l  development  and management 

o f  w a t e r  r e s o u r c e s .  

In g e n e r a l ,  t o o  many a g e n c i e s  a r e  i n v o l v e d  i n  making d e c i s i o n  and i n  

c a r r y i n g  o u t  w a t e r  s u p p l y  programmes, and t h e s e  a g e n c i e s  have 

c o n f l i c t i n g  t a s k s  and r e s p o n s i b i l i t i e s .  A r a t i o n a l  r e o r g a n i z a t i o n  

and c o - o r d i n a t i o n  o f  w a t e r  programmes c o u l d  c o n s i d e r a b l y  improve t h e  

w a t e r  s e c t o r .  

e Top management p o s t s  a r e  o f t e n  h e l d  by s e n i o r  a d m i n i s t r a t o r s 1  

p o l i t i c i a n s  whose a v e r a g e  t e n u r e  i s  s h o r t .  Such management p o s t s  

s h o u l d  be o c c u p i e d  by s e n i o r  o f f i c e r s  who have p roven  a b i l i t y  i n  

t e c h n i c a l  management. 



o There is  a  s e v e r e  s h o r t a g e  o f  q u a l i f i e d  manpower a t  a l l  l e v e l s .  

There is a n  u r g e n t  need t o  s t r e n g t h e n  t h e  f a c i l i t i e s  t o  t r a i n  and 

e d u c a t e  p e r s o n n e l  i n  t h e  w a t e r  s e c t o r .  Such t r a i n i n g  and e d u c a t i o n  

c o u l d  improve t h e  demand and s u p p l y  r e l a t i o n  o n  t h e  l a b o u r  marke t  

and would r e d u c e  e x c e s s i v e  j o b  m o b i l i t y .  

The c a p a b i l i t i e s  o f  o r g a n i z a t i o n s  r e s p o n s i b l e  f o r  w a t e r  s u p p l y  and 

u s e  need t o  be s t r e n g t h e n e d ,  e s p e c i a l l y  r e g a r d i n g :  

- d r i l l i n g  t e c h n i q u e s ;  

- d e s i g n ,  c o m p l e t i o n  and development  o f  w e l l s ;  

- d e s i g n ,  c o n s t r u c t i o n ,  o p e r a t i o n  and ma in tenance  o f  w a t e r  s u p p l y  

s y s t e m s .  

c The c a p a b i l i t i e s  o f  r e s e a r c h  i n s t i t u t e s  need t o  be s t r e n g t h e n e d  w i t h  

emphasis  o n :  

- s y s t e m a t i c  r e g i o n a l  h y d r o g e o l o g i c a l  i n v e s t i g a t i o n s ;  

- t h e  e s t a b l i s h m e n t  o f  a n  o p t i m a l l y  f u n c t i o n i n g  d a t a  b a s e ;  

- t h e  e s t a b l i s h m e n t  and ma in tenance  o f  o b s e r v a t i o n  ne tworks .  



STAGES O F  WATER RESOURCES DEVELOPMENT AND 

SUPPORTING A C T I V I T I E S  

OPTIMIZATION SYSTEM ANALYSIS 

CONSERVATION CONTROL 

INCREASING DEVELOPMENT ASSESSMENT 

I N I T I A L  DEVELOPMENT EXPLORATION 



b i n  a s p e c t s  

MAIN ASPECTS AND RELATED TECHNIQUES OF 

INVESTIGATION 

I .  Geometric configuration 

o f  aquifers 

Techniques o f  i n v e s t i g a t i o n  

d r i l l i n g ,  g e o p h y s i c s ,  h y d r o l o g i c a l  

mapping, c r o s s  s e c t i o n s  

2.  Boundaries o f  grouncbater system h y d r o g e o l o g i c a l  maps, c r o s s  s e c t i o n s  

- h y d r o g e o l o g i c a l  b o u n d a r i e s  wa te r  l e v e l  map 

- h y d r a u l i c  g roundwate r  d i v i d e  

3. Mechanism of replenishment 

- from r a i n  

- from r i v e r s  

- s u b s u r f a c e  i n f l o w  

- f o s s i l  wa te r  

- o t h e r s  

4. Mechanism o f  naturaZ outflow 

- t h rough  s p r i n g s  

- i n t o  r i v e r s ,  l a k e s  

- e v a p o t r a n s p i r a t i o n  

- s u b s u r f a c e  o u t f l o w  

5. Estimate of  average monthly/ 

annwzZ rep Zenishment 

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

l e v e l  hydrographs  and maps, 

o b s e r v a t i o n  o f  r i v e r  f l o w ,  

g e o c h e m i ~ ~ a l  methods,  i s o t o p e  

methods 

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

l e v e l  maps, s a l i n i t y  maps, 

geochemical  methods,  i s o t o p e  

methods a i r  p h o t o s  

w a t e r b a l a n c e  methods,  w a t e r  l e v e l  

map, pumping t e s t s  



6. Pattern of flow 

7. Water resources 

Quantity 

- present water consumption 
- future water demand 
- available water resources 

Quality 

- groundwater types 
- groundwater salinity 
- groundwater pollution 
- bacteriological contamination 

geohydrological inferences, 

water level maps, pumping 

tests, geochemical methods 

well inventory 

projections; additional study 

geohydrological inferences; 

modelling for evaluation of 

exploitable yield, geochemical 

methods 

geochemical methods 

bacteriological analysis 



ANNEX 3 

SCBEDULE OF ACTIVITIES 

1. Data collection/ 

evaluation 

- maps, photos 
- geology, hydrology 
- hydrometeorology 
- water supply and demand 
- aquifer types 
- identification of aquifer 
system 

2. Field activities 

- well inventory 
- establishment of network 
. groundwater level 
. river discharge 
. rainfall 
. met. station 

- monitoring of network 
- geophysical operations 
- drilling 
- geophysical well logging 
- aquifer tests 
- hydrochemical investigation 

3. Evaluation 

- aquifer geometry 
- boundaries of aquifer 
system 

- replenishment 
- natural outflow 
- flow patterns 
- water resources 

4. Reporting 

- Interim report 
- Final report 



WELL INVENTORY DATA SHEET 

A .  Well i d e n t i f .  n o :  Owner : 

Loca t ion  : ( l o c a t i o n  s k e t c h  a t  s h e e t  2 )  

C o o r d i n a t e s  : O t I I N  
O I 11E 

E l e v a t i o n  : m + m s l  ( m a p l a l t i m e t e r  / l e v e l  ) 

A i r  photo  r u n :  Photo n o .  : 

B. Type o f  w e l l :  d u g / d r i l l e d  When c o n s t r u c t e d  : 

Number o f  t i m e s  deepened : When and how much: 

T o t a l  d e p t h :  m (measured ) Diameter : 

Casing d e p t h  : Casing m a t e r i a l  

Sc reen  d e p t h  ( s )  and d i a m e t e r  ( s )  : 

Type o f  r o c k :  from 0  t o  m :  

from t o  m :  

from t o  : 

m ( a t  s u r f a c e )  

C. Method o f  w a t e r  l i f t :  pump/bucket /  

Type o f  pump: Capac i ty  o f  pump : HP 

Type o f  e n g i n e :  Capac i ty  o f  e n g i n e :  HP 

Pump i n t a k e  a t :  m Pump r u n s  d r y :  no / y e s  

a f t e r  h r s l m i n  . 
Yield  ( e s t i m l m e a s . )  11s  Drawdown (e s t im/meas  . m 

D. Water u s e :  d o m e s t i c  - a p p r o x .  no o f  p e r s o n s  : 

i r r i g a t i o n  - a r e a  + main c r o p s :  

o t h e r  u s e s .  



Average pumpage d u r a t i o n :  

h r s l d a y ,  days lwk ,  months lyea r  (months : t h r o u g h  

h r s l d a y  , days lwk ,  months lyea r  (months : t h rough  

E. O r i g i n a l  d e p t h  t o  ( s t a t i c )  wa te r  l e v e l :  m 

Actual  d e p t h  (meas. I e s t i m  . ) t o  wa te r  l e v e l  : m 

Est imated s e a s o n a l  v a r i a t i o n  o f  wa te r  l e v e l :  m 

F. Groundwater q u a l i t y  a c c o r d i n g  t o  u s e r s :  g o o d l f a i r l b a d  

( f r e s h l b r a c k i s h l s a l i n e )  

E l e c t r i c a l  c o n d u c t i v i t y  PS/cm a t  2 5 ' ~  

Temperature O c 

G. S u i t a b i l i t y  o f  w e l l  f o r  i n v e s t i g a t i o n  p u r p o s e s :  

g e o p h y s i c a l  l o g g i n g :  y e s  /no 

pump t e s t  yes /no  

groundwater  l e v e l  m o n i t o r i n g :  y e s l n o  

wa te r  q u a l i t y  sampl ing :  y e s  /no 

H.  I n v e n t o r y  made by: 

Date : 

I. Remarks : 

J, Loca t ion  s k e t c h  



WATERSUPPLY OF SMALL URBAN CENTRES IN UPPER-VOLTA 

N. A. AMESZ AND F. J .  H. DIRKS 

ABSTRACT 

Within  t h e  framework o f  t h e  Dutch-Vol ta ique b i l a t e r a l  c o - o p e r a t i o n ,  

I n t e r n a t i o n a l  Water Supply  C o n s u l t a n t s  IWACO B.V. (Ro t t e rdam,  

The N e t h e r l a n d s )  was cha rged  t o  s t u d y  t e c h n i c a l  and  economic f e a s i b i l i t y  

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

Upper-Vol ta .  

The s t u d i e s ,  c a r r i e d  o u t  by IWACO's permanent r e g i o n a l  b ranch  o f f i c e  

f o r  Western A f r i c a  i n  Upper-Vol ta ,  c o n s i s t e d  o f  f o u r  main 

components : 

1 ) demographic  and socio-economic s u r v e y s ;  

2 )  h y d r o g e o l o g i c a l  i n v e s t i g a t i o n s ;  

3 ) t e c h n i c a l  d e s i g n s  ; 

f i n a n c i a l  and economic e v a l u a t i o n  

The f i r s t  p a r t ,  t h e  demograph ica l  and socio-economic s u r v e y s ,  s e r v e d  

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

t h e i r  f u t u r e  deve lopmen t s  a n d ,  s e c o n d l y ,  t o  which e x t e n t  t h e y  would 

become c l i e n t  o f  t h e  f u t u r e  p u b l i c  w a t e r  s y s t e m ,  t h i s  i n  r e l a t i o n  t o  

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

w a t e r .  6 

A s  t h e  h y d r o g e o l o g i c a l  s i t u a t i o n  o f  Upper-Volta is complex,  t h e  second 

p a r t  n o t a b l y  g roundwate r  i n v e s t i g a t i o n s  c o n s t i t u t e d  a  b a s i c  component.  



Water i n  s u f f i c i e n t  q u a n t i t i e s  is  o n l y  a v a i l a b l e  i n  f a u l t s  and 

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

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

subsequen t  pumping t e s t  were  r e q u i r e d  t o  c o n f i r m  t h e  p r e s e n c e  o f  

e x p l o i t a b l e  g roundwate r  r e s o u r c e s .  

The t e c h n i c a l  l ay -ou t  o f  t h e  s y s t e m s  shou ld  be s u c h  t h a t  a t  minimum 

c o s t s  one c o u l d  o b t a i n  a  maximum o f  r e l i a b i l i t y  and a n  e f f i c i e n t  

o p e r a t i o n  and ma in tenance  i n  combina t ion  w i t h  a s  low a s  p o s s i b l e  

r e c u r r e n t  c o s t s  ( f u e l s ,  p e r s o n n e l  e t c . ) .  

The l a s t  i t e m ,  t h e  f i n a n c i a l  and economic a n a l y s e s  s e r v e d  t o  i n v e s t i g a t e  

how t h e  s y s t e m s  would have  t o  be  i n c o r p o r a t e d  w i t h i n  t h e  N a t i o n a l  

Water O f f i c e  and how t h e i r  c a s h  f l o w  would be a f f e c t e d  i n  t h e  n e x t  coming 

d e c a d e s .  

The s t u d i e s  were  completed by mid 1982. I n  a l l  c e n t r e s  g roundwate r  

r e s e r v e s  were  conf i rmed  t o  be a v a i l a b l e  i n  q u a n t i t i e s  s u f f i c i e n t l y  

t o  c o v e r  t h e  demand up t o  t h e  y e a r  2005. However, from t h e  f i n a n c i a l  

a n a l y s i s  it appea red  t h a t  c o s t s  o f  w a t e r  i n c r e a s e d  r a p i d l y  when t h e  

s i z e  o f  t h e  scheme becomes s m a l l e r .  In  o r d e r  n o t  t o  j e o p a r d i z e  t h e  

f i n a n c i a l  s i t u a t i o n  o f  t h e  N a t i o n a l  Water O f f i c e  it was recommended 

t o  pos tpone  t h e  c o n s t r u c t i o n  i n  t h r e e  o f  t h e  c e n t r e s  a n d ,  s e c o n d l y ,  

t o  i n c r e a s e  t h e  n a t i o n a l  w a t e r r a t e s  s u b s t a n t i a l l y .  Both recommendat ions  

were a c c e p t e d  by t h e  V o l t a i q u e  Government and t h e  j o i n t  a p p r a i s a l  

mis s ion  o f  t h e  BOAD and t h e  Dutch Government e a r l y  1983. 

1 INTRODUCTION 

Within  t h e  framework o f  t h e  b i l a t e r a l  c o - o p e r a t i o n  between Upper-Vol ta  

and The N e t h e r l a n d s ,  I n t e r n a t i o n a l  Water Supply  C o n s u l t a n t s  IWACO was 

cha rged  t o  e x e c u t e  a  p r e p a r a t o r y  s t u d y  on  t h e  t e c h n i c a l  and f i n a n c i a l  

f e a s i b i l i t y  t o  i n t r o d u c e  and e x p l o i t  p u b l i c  w a t e r s u p p l y  s y s t e m s  i n  

10 s m a l l  u rban  c e n t r e s  i n  Upper-Volta.  The r e s u l t s  o f  t h e  s t u d i e s  

were t o  be s u b m i t t e d  t o  a  c o n s o r t i u m  o f  f u n d i n g  a g e n c i e s ,  among which 

The N e t h e r l a n d s ,  i n  o r d e r  t o  r a i s e  t h e  n e c e s s a r y  f u n d s  f o r  c o n s t r u c t i o n .  

The s t u d y  was c a r r i e d  o u t  by IWACO's Regional  Branch O f f i c e  f o r  



West Africa in Upper-Volta, and consisted of four main components: 

- a socio-economic and demographic study; 
- hydrogeological investigations; 
- technical design; 
- financial and economic analyses. 

The surveys started early 1981 and were completed by mid 1982. 

2 BOUNDARY CONDITIONS 

The physical and socio-economic conditions of Upper-Volta are rather 

typical for the larger part of Sahelian and sub-Sahelian Western 

Africa. As these boundary conditions have determined both the selected 

methodology of the study and the final evaluation of the results, a 

brief outline of the locally prevailing conditions is given below. 

Figure 1 Location map, precipitation lines 
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F i g u r e  2 R a i n f a l l  p a t t e r n  a t  Kaya 



2 .1  Cl imate  

Tne a v e r a g e  a n n u a l  r a i n f a l l  v a r i e s  f rom 400 mm i n  t h e  n o r t h e r n  p a r t  

o f  t h e  c o u n t r y  ( S a h e l i a n  c o n d i t i o n s )  t o  1100 mm i n  t h e  s o u t h e r n  p a r t .  

See a l s o  F i g u r e  1. Almost a l l  r a i n f a l l  is c o n c e n t r a t e d  i n  a  3 t o  5 

months  p e r i o d  (&y-September) ;  t h e  r e m a i n i n g  7 t o  9  months a r e  a l m o s t  

c o m p l e t e l y  d r y .  

Apar t  from t h i s  g e o g r a p h i c a l  v a r i a t i o n  t h e r e  a r e  v e r y  d i s t i n c t  y e a r l y  

f l u c t u a t i o n s .  An e x a m ~ l e  is shown i n  F i g u r e  2 :  t h e  p r e c i p i t a t i o n  

p a t t e r n  a t  Kaya. The uppe r  g r a p h  shows t h e  r a t h e r  i r r e g u l a r  a n n u a l  

p a t t e r n  o v e r  t h e  p e r i o d  1925-1980. The a v e r a g e  is  704 mm, w h i l e  t h e  

minimum and maximum v a l u e s  a r e  450 and 1000 mm r e s p e c t i v e l y .  The lower  

g r a p h  r e p r e s e n t s  t h e  moving a v e r a g e  ( 7  y e a r s )  and i n d i c a t e s  c l e a r l y  

t h e  s u c c e s s i o n  o f  l o n g e r  d r y  and wet p e r i o d s .  The s e v e r e  d r o u g h t  o f  t h e  

e a r l y  s e v e n t i e s  i s  r a t h e r  d i s t i n c t ,  w h i l e  t h e  s u q c e e d i n g  wet p e r i o d  is 

o n l y  a  modera t e  o n e .  Some o t h e r  s t a t i o n s  i n  Upper-Volta show a  

s i m i l a r i t y ,  w h i l e  a t  o t h e r  s t a t i o n s  t h e  o s c i l l a t i o n  is  l e s s  i m p o r t a n t  

and somet imes  dominated by a c o n t i n u o u s  d e c l i n e  o f  r a i n f a l l .  The 

e v a p o r a t i o n  i s  h i g h :  a round  200 mm p e r  y e a r .  

2  - 2  Hydrogeology 

About 85 p e r c e n t  o f  Upper-Volta is s i t u a t e d  on c r y s t a l l i n e  r o c k s  

which a r e  p a r t  o f  t h e  s o - c a l l e d  West Af r i can  p recambr ian  s h i e l d  

( s e e  F i g u r e  3 a ) .  The s u b s t r a t u m  is  g e n e r a l l y  composed o f  e i t h e r  

i n t r u s i v e  o r  metamorphic  r o c k s .  A t y p i c a l  g e o l o g i c a l  p r o f i l e  is  shown 

i n  F i g u r e  3b.  The topmost  p a r t  o f  t h e s e  r o c k s  is wea the red  t o  a n  

a v e r a g e  d e p t h  o f  20 t o  30 m bu t  somet imes  up t o  a  d e p t h  o f  o v e r  

50 m e t r e s .  I n  g e n e r a l  t h e s e  wea the red  zones  have a  poor  p o r o s i t y  

and p e r m e a b i l i t y .  However, i n  many l o c a t i o n s  dug w e l l s  w i t h  a 

c a p a c i t y  o f  a n  a v e r a g e  o f  5  c u b i c  m e t r e s  p e r  day c a n  be i n s t a l l e d .  
3 Higher  y i e l d i n g  w e l l s  ( s a y :  up t o  10 m / h o u r )  can  o n l y  be  d r i l l e d  i n  

l o c a l  v e r t i c a l  o r  s u b - v e r t i c a l  f r a c t u r e d  zones  a round  f a u l t s  i n  t h e  

h a r d  r o c k s .  However, t h e s e  f r a c t u r e s  z o n e s  a r e  n o t  immedia t e ly  v i s i b l e ;  

l o c a t i o n  is o n l y  p o s s i b l e  by means o f  s - ? c i a 1  i n v e s t i g a t i o n  methods,  



F i g u r e  3 a  l ' r e c a ~ l b r i a n  s h i e l d  i n  TJestern A f r i c a  

which w i l l  be d i s c u s s e d  l a t e r  o n .  Nine o u t  o f  t h e  t e n  c e n t r e s  a r e  

s i t u a t e d  on t h e  c r i s t a l l i n e  s h i e l d .  One ( O r o d a r a )  i s  l o c a t e d  on more 

r e c e n t  s e d i m e n t s  ( s a n d s t o n e  m a i n l y )  t h a t  c o v e r  t h e  r ema in ing  15 p e r c e n t  

o f  Upper-Volta.  

It is  t o  be e x p e c t e d  t h a t  t h e  m u l t i - y e a r l y  f l u c t u a t i o n s  i n  r a i n f a l l  

w i l l  a f f e c t  t h e  h y d r o g e o l o g i c a l  s y s t e m .  For i n s t a n c e ,  it is known 

from i n c i d e n t a l  o b s e r v a t i o n s  t h a t  g roundwate r  l e v e l s  have lowered 

l o c a l l y  up t o  10 m e t r e s  d u r i n g  t h e  l a s t  d e c a d e s ,  w i t h  d i s a s t r o u s  

e f f e c t s  on many t r a d i t i o n a l  dug w e l l s .  However, s p e c i f i c  d a t a  on t h e  

magni tude o f  t h i s  l o w e r i n g  o f  t h e  g r o u n d w a t e r l e v e l s  and i ts  r e g i o n a l  

e x t e n t  a r e  n o t  r e a d i l y  a v a i l a b l e .  The same g o e s  f o r  t h e  r a t e  o f  

r e c o v e r y  (if a n y )  o f  t h e  g roundwate r  l e v e l s  d u r i n g  a  wet p e r i o d .  

In o r d e r  t o  p r o v i d e  t h e  answer  t o  s e v e r a l  o f  t h e s e  fundamen ta l  q u e s t i o n s ,  

a  b a s i c  s t u d y  o f  t h e  n a t i o n a l  g roundwate r  b a l a n c e  h a s  been s t a r t e d  

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

r a t i o n a l  p l a n n i n g  and development  o f  t h e  c o u n t r y ' s  s c a r c e  w a t e r  

r e s o u r c e s .  

The s t u d y  is b e i n g  f i n a n c e d  by The N e t h e r l a n d s ,  w h i l e  t h e  i n v e s t i g a t i o n  

programme w i l l  be c a r r i e d  o u t  by IWACO i n  c l o s e  c o l l a b o r a t i o n  w i t h  t h e  





D i r e c t o r a t e  o f  H y d r a u l i c s  and Rural  I n f r a s t r u c t u r e s  o f  t h e  M i n i s t r y  

o f  Rural  Development o f  Upper -Volts. 

2.3 Hydrology 

Upper -Vol t a ' s  d r a i n a g e  p a t t e r n  i s  r e l a t i v e l y  d e n s e .  The d r a i n a g e  b a s i n s  

a r e  g e n e r a l l y  f l a t ,  t h e  v e g e t a t i o n  is  r a t h e r  s c a r c e  and t h e  t o p s o i l s  

g e n e r a l l y  have  poor  h y d r a u l i c  p r o p e r t i e s .  A s  a  consequence  r u n - o f f s  a r e  

immediate  a n d ,  due  t o  t h e  f a c t  t h a t  s t o r a g e  w i t h i n  t h e  b a s i n  is 

v i r t u a l l y  a b s e n t ,  t h e r e  is  no b a s e  f l o w .  

The o n l y  permanent  s t r e a m s  i n  Upper-Volta a r e  t h o s e  t h a t  d r a i n  t h e  

s a n d s t o n e  p l a t f o r m s  i n  t h e  sou th -wes te rn  p a r t  o f  t h e  c o u n t r y .  I n  t h e  

main p a r t  o f  t h e  c o u n t r y  permanent  s u r f a c e  w a t e r  is  o n l y  found t h e r e  

where it h a s  been r e t a i n e d  by s m a l l  dams. However, due  t o  t h e i r  s m a l l  

c a p a c i t i e s  and t h e  h i g h  e v a p o r a t i o n  r a t e  t h e s e  r e s e r v o i r s  do n o t  a l l o w  

f o r  e x p l o i t a t i o n  on a  r e a s o n a b l e  s c a l e .  

2  - 4  Socio-economic s i t u a t i o n  

Upper- Vo l t a  is c o m p l e t e l y  l a n d - l o c k e d ,  t h e  n e a r e s t  s e a h a r b o u r  b e i n g  a t  

a  d i s t a n c e  o f  100 kms; t h u s  impor t ed  goods  a r e  e x p e n s i v e .  The n a t i o n a l  

economy i s  a l m o s t  e n t i r e l y  based on a g r i c u l t u r e .  Other  n a t u r a l  

r e s o u r c e s  a r e  v i r t u a l l y  a b s e n t .  Some 90 p e r c e n t  o f  t h e  6 m i l l i o n  

i n h a b i t a n t s  l i v e  i n  s m a l l  r u r a l  v i l l a g e s ,  s u b s i s t i n g  ma in ly  On t h e i r  

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

s e l f - s u f f i c i e n c y .  

A supp lemen ta ry  p r o d u c t i o n  o f  some c a s h  c r o p s  somet imes  p r o v i d e s  a 

modest monetary  income.  However, w i t h  a  t o t a l  r u r a l  income o f  

US $ 200,- -  p e r  c a p i t a  t h e  c o u n t r y  be longs  t o  t h e  p o o r e s t  o f  t h e  w o r l d .  

The t o t a l  b i l a t e r a l  and m u l t i l a t e r a l  a i d ,  c o n s i s t i n g  o f  g r a n t s  and 

s o f t  l o a n s ,  h a s  a n  a n n u a l  volume o f  US $ 200 m i l l i o n .  A s  a  consequence ,  

t h e  n a t i o n  becomes more and more dependen t  on  t h e  i n d u s t r i a l i z e d  

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

b u t  a l s o  - which is  more a l a r m i n g  - f o r  t h e  f i n a n c i n g  o f  t h e  a n n u a l  

r u n n i n g  c o s t s  o f  a p r o j e c t  . 



Recen t ly  a n  i n t e r n a t i o n a l  m e e t i n g ,  c o n c e r n i n g  t h e s e  s o - c a l l e d  

" r e c u r r e n t  c o s t s ' '  was h e l d  between t h e  S a h e l  c o u n t r i e s ,  

One o f  t h e  most i m p o r t a n t  c o n c l u s i o n s  was t h a t  f o r  any  new p r o j e c t ,  

d e t a i l e d  c a s h  f l o w s  w i l l  have t o  be p r e d i c t e d  f o r  10 t o  20 y e a r s  

ahead w h i l e  t h e  r e c u r r e n t  c o s t s  s h o u l d  be minimized.  

It was a g r e e d  t h a t  a s  a minimum r e q u i r e m e n t  f o r  t h e  p r e s e n t  p r o j e c t  

t h e  consumers  o f  w a t e r  would a t  l e a s t  have t o  be a b l e  t o  c o v e r  t h e  

o p e r a t i n g  c o s t  o f  t h e  sys t ems  ( f u e l ,  p e r s o n n e l ,  c h e m i c a l s ,  ma in tenance  

and r e p a i r )  and a l s o  t h a t  t h e  i n s t a l l a t i o n s  would be d e s i g n e d  s u c h  a s  

t o  minimize  t h e s e  c o s t s .  

3 WATER DEMAND PROJECTIONS 

E x t e n s i v e  s u r v e y s  were  c a r r i e d  o u t  i n  o r d e r  t o  e s t a b l i s h  a  r e l i a b l e  

f o r e c a s t  o f  t h e  w a t e r  consumption i n  e a c h  o f  t n e  t e n  c e n t r e s ,  s e r v i n g  

two p u r p o s e s  : 

- t o  a v o i d  c a p i t a l  consuming ove r -d imens ion ing  and 

- t o  e s t a b l i s h  a  r e a l i s t i c  c a s h  f l o w  p r o j e c t i o n .  

S e v e r a l  f a c t o r s  w i l l  d e t e r m i n e  t h e  f u t u r e  w a t e r  consumpt ion .  

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

immediate  s u r r o u n d i n g s ,  had t o  be d e t e r m i n e d .  O f f i c i a l  c e n s u s  d a t a  

were  u s e d  which were  s u b s e q u e n t l y  v e r i f i e d  by s t u d y  o r  a e r i a l  

pho tographs  o f  a p p r o p r i a t e  s c a l e .  In -dep th  s t r a t i f i e d  sampl ing  o f  

h o u s e h o l d s  h a s  p r o v i d e d  d a t a  on m i g r a t i o n  p a t t e r n s  d u r i n g  t h e  p a s t  

t e n  y e a r s ,  on  househo ld  s i z e s ,  on p r i o r i t i e s  and on  t h e  a c t u a l  

w a t e r  consumption.  

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

would be  i n c l i n e d t o  u s e  t h e  f u t u r e  p u b l i c  schemes had t o  be c a r r i e d  

o u t .  It %!as supposed t h a t  t h e  b e h a v i o u r  would depend o n  two main 

f a c t o r s  : 

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

- t h e  a v a i l a b l e  monetary  income. 





P u b l i c  schemes i n  c e n t r e s  where d i g g i n g  o r  d e e p e n i n g  o f  w e l l s  is 

r e l a t i v e l y  e a s y ,  p r o b a b l y  would n o t  a t t r a c t  many pay ing  c l i e n t s ,  

w h i l e  i n  o t h e r  c e n t r e s  where p e o p l e  draw t h e i r  w a t e r  f rom s h a l l o w  mud 

p o o l s  a t  a  r e s p e c t a b l e  d i s t a n c e ,  because  t h e  g r a n i t e  r o c k s  do n o t  a l l o w  

f o r  d i g g i n g  o r  because  t h e  g roundwate r  t a b l e  is  t o o  f a r  o f ,  s u c h  

a  p u b l i c  sys t em would be  wanted and  u s e d .  Th i s  d e c i s i o n  problem h a s  

been s c h e m a t i c a l l y  r e p r e s e n t e d  i n  F i g u r e  4 .  

However, t h e  a v a i l a b l e  income may c a u s e  a r e s t r i c t i o n .  In Upper-Volta 

w a t e r  is  s o l d  a t  t h e  p u b l i c  h y d r a n t  a t  a b o u t  FCFA 200 p e r  m 3 

(US $ 0.70) which amount i n c l u d e s  t h e  f e e  f o r  t h e  permanent  a t t e n d a n t .  

With an  a v e r a g e  consumption o f  e . g .  20 l i t r e s  p e r  c a p i t a  p e r  day 

d u r i n g  t h e  n i n e  d r y  months o f  t h e  y e a r ,  t h e  a n n u a l  w a t e r  expenses  

would amount t o  US $ 4.00 which r e p r e s e n t s  10 t o  20 p e r c e n t  o f  t h e  

a v e r a g e  monetary  r u r a l  income; however ,  i n  p o o r e r  r e g i o n s  o f  t h e  

c o u n t r y  it would be even more t h a n  t h a t ,  and t h i s  would i n  many c a s e s  

r e s t r i c t  t h e  p o t e n t i a l  w a t e r  consumpt ion .  

The f o l l o w i n g  f o r e c a s t s  were e v e n t u a l l y  used  bo th  f o r  t h e  hydro- 

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

C e n t r e  

Dj ibo 

Manga 

Zabre' 

Boussk 

Kongoussi 

Yako 

Gourcy 

Toma 

Reo 

Orodara  
-- 

1995 
# 

2005 

Water- 
demand 
(m3/day ) 

311 

169 

166 

121 

213 

168 

179 

95 

54 

230 

P o p u l a t i o n  Water- 
demand 
(m3/day)  

634 

2 72 

322 

206 

362 

319 

285 

163 

115 

476 

( t o t a l  ) 

9 100 

11 700 

10 650 

6 200 

11 000 

10 250 

13 110 

5 300 

4 700 

12 700 

P o p u l a t i o n  

( c l i e n t s  

8800 

4360 

3915 

3410 

5950 

4050 

4 100 

2400 

950 

3900 

( t o t a l  ) 

1 2 3 5 0  

13 750 

13 350 

7 4 0 0  

13 500 

11 950 

1 4 5 5 0  
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4 HYDROGEOLOGICAL STUDIES 

The purpose  o f  t h e  h y d r o l o g i c a l  s u r v e y s  i s  t o  l o c a l i z s  r enewab le  

g roundwate r  r e s e r v o i r s  h a v i n g  c a p a c i t i e s  t o  meet tr ie w a t e r  demand o f  

1995, p r e f e r a b l y  w i t h i n  a  c l o s e  r a n g e  o f  t h e  towns.  

A s  t h e  r e q u i r e d  c a p a c i t y  o f  g roundwate r  c a n  be o n l y  e x p e c t e d  i n  

f r a c t u r e d  zones  i n  t h e  h a r d  r o c k s ,  t h e  methods o f  i n v e s t i g a t i o n  were  

s u c h  t h a t  ( s u b ) v e r t i c a l  f r a c t u r e d  zones  i n  t h e  s u b s t r a t u m ,  unde r  t h e  

c o v e r  o f  wea the red  h o r i z o n s ,  c a n  be l o c a t e d .  The h y d r o g e o l o g i c a l  

c h a r a c t e r i s t i c s  o f  t h e  a q u i f e r s  were  t o  be d e t e r m i n e d  i n  o r d e r  t o  be  

a b l e  t o  p r e d i c t  and t o  q u a n t i f y  any  changes  i n  t h e  h y d r o g e o l o g i c a l  

sys t em due t o  t h e  expec ted  e x p l o i t a t i o n .  

I n  t h i s  c h a p t e r  t h e  subsequen t  s t e p s  o f  t h e  s t u d i e s  a r e  d i s c u s s e d  and 

some t y p i c a l  examples  a r e  shown. 

4.1 P r e p a r a t o r y  phase  

A t  f i r s t ,  t h e  e x i s t i n g  d a t a  s u c h  a s  t o p o g r a p h i c a l  and g e o l o g i c a l  

maps ;c l ima to log ica l  and g e o l o g i c a l  d a t a ,  r e p o r t s ,  e t c .  were c o l l e c t e d  

and s t u d i e d .  

Second ly ,  d e t a i l e d  t o p o g r a p h i c a l  and h y d r o g e o l o g i c a l  maps were 

d e s i g n e d ,  based upon i n t e r p r e t a t i o n  o f  s a t e l l i t e  images  ( L a n d s a t )  

and a e r i a l  p h o t o g r a p h s .  The l a t t e r ,  a t  a  s c a l e  o f  1 : 30 000, were  

produced e s p e c i a l l y  f o r  t h e  p r o j e c t .  

These new t o p o g r a p h i c a l  maps c o n t a i n  up- to-date  i n f o r m a t i o n  c o n c e r n i n g  

topography ,  hydrography ,  l a n d - u s e ,  o c c u p a t i o n ,  e t c .  The h y d r o g e o l o g i c a l  

map c o n t a i n s  i n f o r m a t i o n  on geo logy  ( o u t c r o p s ) ,  morphology,  hydrography ,  

c o v e r i n g  l a y e r s  ( l a t e r i t i s a t i o n )  and it shows t h e  l i n e a m e n t s  a s  d e r i v e d  

from t h e  i n t e r p r e t a t i o n  o f  t h e  s a t e l l i t e - i m a g e s  and f rom t h e  

s t e r e o s c o p i c  i n t e r p r e t a t i o n  o f  t h e  a e r i a l  p h o t o g r a p h s .  

Based on t h i s  i n f o r m a t i o n ,  a  p r e l i m i n a r y  s e l e c t i o n  was f i n a l l y  made 

o f  s o - c a l l e d  t a r g e t - a r e a s :  zones  where ,  f o r  v a r i o u s  r e a s o n s ,  t h e  

p r e s e n c e  o f  g roundwate r  is  l i k e l y  and which,  a s  a  consequence ,  j u s t i f y  

f u r t h e r  p r o s p e c t i n g .  



4.2 Field surveys 

The aim of this phase of the studies was the actual location of the 

aquifers and the determination of their hydrogeological characteristics, 

as soon as their existence was confirmed. 

%is paragraph summarizes the various kinds of fieldinvestigations 

which were subsequently carried out. 

4.2.1 Fie Ld reconnaissance and grouncfwater Leve L observations 

A field reconnaissance was executed by the hydrogeologist in order to 

confirm and to complete the newly designed maps. Geological outcrops 

were examined in detail. Existing dugwells and boreholes (if any) 

Figure 5 Groundwater level fluctuation 
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were examined,  w a t e r  l e v e l s  were  measured and w a t e r  s amples  were  t a k e n  

f o r  q u a l i t y  c o n t r o l .  The d a t a  t h u s  c o l l e c t e d  were  added t o  t h e  

h y d r o g e o l o g i c a l  map. Based on  t h e  f i e l d f i n d i n g s ,  t h e  a e r i a l  pho tographs  

were  r e - i n t e r p r e t a t e d  when n e c e s s a r y .  

I n  t h e  second p h a s e ,  a  programme o f  measurements  was s e t  up t o  m o n i t o r  

c l o s e l y  t h e  w a t e r - t a b l e  f l u c t u a t i o n s .  Water l e v e l s  were  measured i n  

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

a v a i l a b l e ,  b o r e h o l e s .  'These measuremen t snave  been r e p e a t e d  weekly o v e r  

a  p e r i o d  o f  a t  l e a s t  one  y e a r .  

Some t y p i c a l  s e a s o n a l  f l u c t u a t i o n s  a r e  r e p r e s e n t e d  i n  F i g u r e  5 .  

4.2.2 GeophysicaZ surveys 

A g e o p h y s i c a l  s u r v e y  was t h e n  c a r r i e d  o u t  on  a number o f  p r e - s e l e c t e d  

a r e a s .  The a im o f  t h e  g e o p h y s i c a l  s u r v e y  is  t o  d i s c o v e r  whether  

f r a c t u r e d  zones  a r e  p r e s e n t  i n  t h e  s u b s t r a t u m  a n d ,  i f  s o ,  t o  d e t e r m i n e  

t h e i r  a c c u r a t e  l o c a t i o n .  Moreover,  by means o f  t h e s e  g e o p h y s i c a l  

measurements ,  t h e  t h i c k n e s s  and t h e  n a t u r e  o f  t h e  ove rburden  a s  w e l l  

a s  t h e  n a t u r e  o f  t h e  ha rd  r o c k  i t s e l f  can  be d e t e r m i n e d .  

Two d i f f e r e n t  methods  were a p p l i e d :  

- t h e  well-known g e o - e l e c t r i c a l  method, and 

- t h e  e l e c t r o m a g n e t i c  S l ing ram method. 

The g e o - e l e c t r i c a l  method c o n s i s t s  o f  a p p a r e n t  r e s i s t i v i t y  p r o f i l e s  

measured w i t h  t h e  Schlumberger  o r  Wenner a r r a y ,  a s  w e l l  a s  g e o - e l e c t r i c a l  

s o u n d i n s s  w i t h  t h e  Schlumberger  a r r a y .  

The e l e c t r o - m a g n e t i c  S l ing ram method,  known from o r e p r o s p e c t i n g  

s u r v e y s ,  h a s  r e c e n t l y  s u c c e s s f u l l y  been i n t r o d u c e d  by IWACO i n  

h y d r o g e o l o g i c a l  s t u d i e s  i n  West A f r i c a .  

E lec t ro -magne t i c  measurements were  made u s i n g  d i f f e r e n t  f r e q u e n c i e s  

and a l o n g  p r o f i l e s  which were  somet imes  p r e v i o u s l y  measured geo-  

e l e c t r i c a l l y .  The methodology o f  t h e  measurements  w a s - s u c h  t h a t  f i r s t  

some r e c o n n a i s s a n c e  g e o - e l e c t r i c a l  s o u n d i n g s  were  made. Based on  t h e  

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



o f  t h e  p r o f i l e s  c o u l d  be e s t a b l i s h e d  

Whenever p o s s i b l e ,  i s o - r e s i s t i v i t y  maps and v e r t i c a l  s e c t i o n s  were  

drawn u p .  Examples o f  a  t y p i c a l  g e o p h y s i c a l  p r o f i l e  and a n  i s o -  

r e s i s t i v i t y  map a r e  shown i n  F i g u r e s  6 and  7 .  

F i g u r e  6 G e o p h y s i c a l  p r o f i l e  
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F i g u r e  7 I s o - r e s i s t i v i t y  map 



4.2.3 res t  driZling 

Based on d a t a  t h u s  c o l l e c t e d  a  s e l e c t i o n  was made o f  p romis ing  s i t e s  

f o r  t e s t  d r i l l i n g .  

With t h e  r o t a r y  p e r c u s s i o n  method (hammer-down-the-hole) d r i v e n  by 

compressed a i r ,  165 mm d i a m e t e r  h o l e s  were  d r i l l e d  i n t o  t h e  h a r d  

r o c k  up  t o  a  d e p t h  o f  80 m .  

The d r i l l i n g  was c l o s e l y  mon i to red  i n  o r d e r  t o  c o l l e c t  as much 

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

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

t h e  d e p t h  o f  w a t e r  e n t r a n c e ,  e t c .  A t y p i c a l  b o r e l o g  i s  g i v e n  i n  

F i g u r e  8. 

When t h e  b o r e h o l e  was a t  d e p t h ,  h i g h  s t r e n g t h  PVC t u b e s  w i t h  a n  

i n t e r n a l  d i a m e t e r  o f  125 mm were  lowered  i n t o  t h e  b o r e h o l e .  A t  a  

c e r t a i n  d e p t h  o p p o s i t e  t h e  f r a c t u r e d  z o n e s ,  t h e s e  t u b e s  a r e  s l o t t e d  

t o  a l l o w  g roundwate r  t o  e n t e r .  The a n n u l a r  s p a c e  a round  t h e  PVC was 

f i l l e d  w i t h  g r a v e l  and  s e a l e d  w i t h  a c l a y  p a c k ,  F i n a l l y ,  t h e  b o r e h o l e  

was c l e a n e d  and a n  e s t i m a t e  o f  t h e  w e l l - y i e l d  was made by c o n t i n u o u s  

blowing a t  a  c o n s t a n t  r a t e .  

Wi th in  t h e  d r i l l i n g  programme, a  l i m i t e d  number o f  o b s e r v a t i o n  w e l l s  

was made. These w e l l s ,  s i t u a t e d  i n  t h e  v i c i n i t y  o f  a p o s i t i v e  

r e c o n n a i s s a n c e  b o r e h o l e ,  shou ld  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h e  

c o n f i g u r a t i o n  and h y d r a u l i c  behav iour  o f  a q u i f e r s  i n  h a r d  r o c k s  a r e a s  

and was t o  c o n f i r m  e x p e c t e d  inhomogenei ty  o f  t h e  s u b s t r a t u m  o r  changes  

i n  t h e  l i t h o l o g y .  An example is  g i v e n  i n  F i g u r e  9 .  Here,  t h e  g e o p h y s i c a l  

s u r v e y s  i n d i c a t e d  t h e  p r o b a b l e  e x i s t e n c e  o f  s c h i s t  bands  w i t h i n  g r a n i t e  

r o c k .  Tes t  d r i l l i n g  a t  s i t e s  SB1 and  SB3, w i t h  o b s e r v a t i o n  w e l l s  SB4 

and SB6 conf i rmed  t h i s  h y p o t h e s i s .  





Figure 9a 
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F igure  9b  Geological  s e c t i o n  



The r e s u l t s  o f  t h e  t e s t  d r i l l i n g  programme a r e  shown i n  t h e  f o l l o w i n g  

t a b l e .  

* )  Not i n c l u d e d  i n  d r i l l i n g  programme 

Yield  m3/hour 
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Step-draw-down t e s t s  were  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  h y d r a u l i c  

p r o p e r t i e s  of t h e  b o r e h o l e .  These were  fo l lowed  by a  pumping t e s t  

which l a s t e d  s e v e r a l  days  up t o  o n e  week. 

A t  some o f  t h e  c e n t r e s  s e v e r a l  p i e z o m e t r e s  were  i n s t a l l e d  a t  d i f f e r e n t  
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d i s t a n c e s  from t h e  p r o d u c t i o n  w e l l s .  The main o b j e c t i v e  was t o  a c q u i r e  

more i n f o r m a t i o n  a b o u t  t h e  c o n t i n u i t y  o f  t h e  a q u i f e r ,  i ts hydraulic 

p r o p e r t i e s  and its a n i s o t r o p y .  S p e c i f i c  d a t a  on  a q u i f e r  behav iour  

i n  Upper-Volta a r e  s c a r c e  w h i l e  a q u i f e r  t e s t s  o f  l o n g  d u r a t i o n ,  a s  

performed w i t h i n  t h e  s c o p e  o f  t h e  p r e s e n t  p r o j e c t ,  a r e  r a h t e r  u n i q u e  

up  till now. 

F i g u r e s  10 and 1 1  r e p r e s e n t  some i n t e r e s t i n g  r e s u l t s  o f  t h e  a q u i f e r  

test  a t  Bousse'. For a p e r i o d  o f  6  d a y s  SB3 h a s  been pumped w i t h  a  
3  c o n t i n u o u s  r a t e  o f  7.0 m / h o u r .  Four o b s e r v a t i o n  w e l l s ,  i n  d i f f e r e n t  

d i r e c t i o n s  and d i s t a n c e s  (17 .5 ;  38.5;  49 and 250 m r e s p e c t i v e l y )  were  

mon i to red  c l o s e l y  d u r i n g  t h i s  p e r i o d .  The g e o l o g i c a l  s i t u a t i o n  is 

h e t e r o g e n e o u s :  t h e  e x i s t e n c e  o f  s c h i s t  bands w i t h i n  t h e  g r a n i t e  r o c k s  

was conf i rmed  by t h e  d r i l l i n g  programme. SBI ,  SB3 and SB7 a r e  w e l l  

w i t h i n  t h e  s c h i s t s  w h i l e  SB4 and SB6 are s i t u a t e d  i n  t h e  f r a c t u r e d  

g r a n i t e  r o c k s .  

It was expec ted  t h a t  t h e  s c h i s t  a q u i f e r  would be h i g h l y  a n i s o t r o p i c ,  

and would be d i s c o n t i n u e d  p e r p e n d i c u l a r l y  t o  t h e  g e o l o g i c a l  d i r e c t i o n .  

However, t h e  drawdown d a t a  seem t o  i n d i c a t e  a n  a x i a l  symmetr ic  drawdown 

p a t t e r n  which seems t o  c o r r e s p o n d  w i t h  a  r a d i a l  f l o w  o f  g roundwate r  i n  
2  

a  homogeneous a q u i f e r  hav ing  a  un i fo rm t r a n s m i s s i v i t y  o f  20 m / day .  

The low v a l u e s  found f o r  t h e  e l a s t i c  s t o r a g e  i n d i c a t e  a  semi-conf ined 

a q u i f e r ;  f o r  t h e  s c h i s t  a q u i f e r  a  v a l u e  o f  5 .7  x  was f o u n d ,  which 

is  s u b s t a n t i a l l y  s u p e r i o r  t o  t h o s e  o f  t h e  g r a n i t e s .  

4.2.5 WaterquaZity investigations 

P h y s i c a l  and c h e m i c a l  a n a l y s e s  were  e x e c u t e d  on  w a t e r  s amples  c o l l e c t e d  

f rom t h e  t e s t - h o l e s  d u r i n g  t h e  pumping t e s t s  and on  s a m p l e s  from 

e x i s t i n g  wa te r  p o i n t s .  Analyses  were  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  t y p e  

o f  g roundwate r  and i t s  q u a l i t y  i n  v iew o f  human consumpt ion .  

S p e c i a l  a t t e n t i o n  was p a i d  t o  d e t e r m i n e  t h e  a r s e n i c  c o n t e n t s  a s  v e r y  

h i g h  n a t u r a l  a r s e n i c  c o n t e n t s  o f  g roundwate r  i n  metamorphic  r o c k s  

have  been r e g i s t e r e d  r e c e n t l y  i n  Upper-Volta (AVV-IWACO, E tudes  

h y d r o g e b l o g i q u e s ,  1979-1980).  







A piper diagram is shown in Figure 12. All groundwater encountered in 

this project is of the sodium or calcium bicarbonate type 

N O  IWACO Descr ie t ion  ----------------- ---- 
1 Dl10 Borehol e 
2 SD2' Borehol e 
3 Dl00 Borehole 
4 Dl16 Borehol e 
5 Dl07 Dug well 
6 Dl13 Lake 

Figure 12 Piper diagram 



1 D l00  DEEPWELL (2513181) 
2 Dl01 DUGWELL 
3 D l 0 3  DUGWELL 
4 Dl06  DUGWELL 
5 Dl07 DUGWELL 
6 Dl 10  DEEPWELL 
7 D l 1 3  LAKE 

F i g u r e  13 Isotopic investigations at Dj ibo  



4.2.6 Isotopic investigations 

I s o t o p e  a n a l y s e s  were  performed on s e l e c t e d  w a t e r  s a m p l e s .  S t a b l e  

i s o t o p e s  18-0 and 2-H c o n t e n t s  have  been d e t e r m i n e d  t o  g a i n  i n f o r m a t i o n  

c o n c e r n i n g  t h e  o r i g i n  o f  t h e  g roundwate r .  Fu r the rmore ,  t h e  r a d i o - a c t i v e  

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

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

The s t a b l e  i s o t o p e s  18-0 and 2-H o c c u r  n a t u r a l l y  i n  w a t e r  i n  known 

r a t i o ' s .  Based on world-wide measurements ,  r a t i o ' s  f o r  p r e c i p i t a t i o n s  

a r e  p l o t t e d  and an  a v e r a g e  l i n e  i s  c o n s t r u c t e d  ( s e e  F igure  1 3 ) .  Due t o  

e v a p o r a t i o n ,  t h e  18-0 and 2-H c o n t e n t  o f  s u r f a c e  w a t e r  i n c r e a s e s  and 

t h e i r  r a t i o  c h a n g e s .  F igu re  1 3  shows t h r e e  samples  w i t h  v a l u e s  c l e a r l y  

d e v i a t i n g  from t h e  p r e c i p i t a t i o n  l i n e .  

Sample n r .  7 h a s  been t a k e n  a t  a n  a r t i f i c i a l  l a k e  which is exposed t o  

a h i g h  r a t e  o f  e v a p o r a t i o n .  R e s u l t s  o f  sample  n r .  6,. t a k e n  from a  

b o r e h o l e  a t  a  c l o s e  d i s t a n c e  o f  t h e  l a k e ,  c l e a r l y  i n d i c a t e  t h a t  t h e  

w a t e r ,  a t  l e a s t  p a r t l y ,  h a s  been exposed t o  e v a p o r a t i o n  which a l l o w s  

t o  advance t h e  h y p o t h e s i s  t h a t  g roundwate r  i n f i l t r a t e s  from t h e  

a r t i f i c i a l  l a k e .  The same a p p l i e s  t o  w a t e r  s ample  n r .  3 t a k e n  from 

a d u g w e l l .  

Due t o  the rmo-nuc lea r  e x p l o s i o n s  between 1958 and 1963,  t h e  t r i t i u m  

c o n t e n t  o f  t h e  p r e c i p i t a t i o n  h a s  i n c r e a s e d  a b o u t  Chousand-fold.  

Town Sample n r .  

Orodara 
Ya ko 
Gourcy 
Djibo 
Djibo 
Bousse' 

Date T r i t i u m  
c o n t e n t s  

SO1 
Y143 
G I  02 
S D2 
D 110 
SB3 

01-04-1982 
-03-1 982 

10-01 -1 982 
13-12-1981 
21-12-1981 
22-01 -1 982 

2  
1  
8.1 

30.1 
26  

1  



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

a t  l e a s t  p a r t  o f  t h e  w a t e r  sampled a t  Dj ibo and Gourcy is o f  r e c e n t  

d a t e .  

5  TECHNICAL STUDIES 

The w a t e r s u p p l y  s y s t e m s  had t o  be  s i m p l e ,  r e l i a b l e ,  e a s y  t o  o p e r a t e  

and t o  m a i n t a i n ;  t h e y  shou ld  o p e r a t e  a t  t h e  l o w e s t  p o s s i b l e  r u n n i n g  

c ~ s t s  and t h e y  s h o u l d  be a d a p t e d  a s  much a s  p o s s i b l e  t o  e x i s t i n g  

o p e r a t i o n a l  s k i l l s  and  n a t i o n a l  s t a n d a r d i z a t i o n .  

A t y p i c a l  sys t em c o n s i s t s  o f :  

- s e v e r a l  d e e p w e l l s  equ ipped  w i t h  s u b m e r s i b l e  pumps; 

- an  o p e r a t i o n  b u i l d i n g  i n c l u d i n g  g e n e r a t o r  h o u s e ,  o p e r a t o r ' s  o f f i c e  

and s t o c k ;  

- a  c h l o r i n a t i o n  u n i t ;  

- d i s t r i b u t i o n  ne twork  ( g i v e n  t h e  low q u a n t i t i e s  o f  w a t e r ,  t h e  

maximum p i p e  d i a m e t e r  t u r n e d  o u t  t o  be  0 150 mm); 

- a  wa te r tower  ( s t e e l  ) ;  

- p u b l i c  h y d r a n t s  ( a t  l e a s t  1 p e r  500 consumers  o r  w i t h i n  wa lk ing  

d i s t a n c e  o f  250 m e t r e s  o f  t h e  consumer ) ;  

- p r i v a t e  c o n n e c t i o n s  ( p u b l i c  i n s t i t u t i o n s ,  s c h o o l s ,  m i s s i o n a r i e s  and 

p r i v a t e  c o n s u m e r s ) .  

To minimize  o p e r a t i n g  c o s t s  a  s e p a r a t e  s t u d y  h a s  been c a r r i e d  o u t  

c o n c e r n i n g  t h e  a p p l i c a t i o n  o f  s o l a r  e n e r g y .  It was proved t h a t ,  

on  a  commercial  b a s i s ,  such  s y s t e m s  would become f e a s i b l e  w i t h i n  t h e  

coming y e a r s .  

C i v i l  works ,  t runkmains  and w a t e r  t o w e r s  have been d e s i g n e d  i n  view 

o f  t h e  demands up till 2005 w h i l e  t h e  d e e p w e l l s ,  t h e  s e c o n d a r y  

d i s t r i b u t i o n  s y s t e m s  and t h e  e l e c t r i c a l  power f a c i l i t i e s  have t o  meet 

r e q u i r e m e n t s  u n t i l  1995. 



6  FINANCIAL AND ECONOMIC ANALYSIS 

Th i s  p a r t  o f  t h e  s t u d y  s e r v e d  s e v e r a l  p u r p o s e s :  

- t o  p r e s e n t  a n  i n v e s t m e n t  programme; 

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

v a r i o u s  c e n t r e s ;  

- t o  a s s e s s  t h e c o n s e q u e n c e s o f  i n t e g r a t i n g  t h e s e  s y s t e m s  w i t h i n  t h e  

e x p l o i t a t i o n  budget  o f  t h e  N a t i o n a l  Water O f f i c e ;  

- t o  p r o v i d e  d e t a i l e d  cash-f low and fund-f low p r o j e c t i o n s  bo th  f o r  

i n t e r n a l  a c c o u n t i n g  and f o r  e x t e r n a l  f i n a n c i n g ;  

- t o  a s s e s s  t h e  s o c i a l  b e n e f i t s  o f  t h e  p r o j e c t .  

The a v e r a g e  p r o d u c t i o n  c o s t s  o v e r  a  33-year p e r i o d  have  been c a l c u l a t e d  

i n  t h r e e  d i f f e r e n t  ways. The f i r s t  method ( A )  t a k e s  i n t o  a c c o u n t  

t h e  r e c u r r e n t  c o s t s  o n l y ,  w h i l e  t h e  second method (B) had t o  c o v e r  40% 

bo th  o f  t h e  i n i t i a l  and t h e  f u t u r e  i n v e s t m e n t s ;  t h e  l a s t  one  (C)  

was based upon 100% coverage  o f  i n v e s t m e n t s .  A d i s c o u n t  r a t e  o f  4% 

h a s  been a p p l i e d .  

Cen t re  

Dj lbo 

m n g a  

Za br  e' 

Bousse' 

Kongoussi 

Ya ko 

Gourcy 

Toma 

Reb 

Orodara 

P r o d u c t i o n  c o s t s  (FCFAIm3 ) 

A 

6  8  

110 

9  8  

146 

7  9  

10 1  

8  1  

172 

205 

7  7 

B 

9  3 

147 

137 

189 

9  8  

132 

110 

2  15 

259 

9  9  

C  

131 

202 

195 

252 

126 

179 

153 

279 

340 

132 



S e v e r a l  f a c t o r s  c o n t r i b u t e  t o  t h e  i m p o r t a n t  d i f f e r e n c e s  i n  p r o d u c t i o n  
3 c o s t s  (from FCFA 131 t o  FCFA 340 p e r  m ) .  However, it a p p e a r s  t h a t  

t h e  o v e r r u l i n g  f a c t o r  i s  t h e  s i z e  o f  t h e  sys t em,  a s  shown i n  

F i g u r e  1 4 .  

A t  p r e s e n t  t h e  " O f f i c e  Na t iona l  d e s  Eaux" (ONE: N a t i o n a l  Water O f f i c e )  

r u n s  w a t e r s u p p l y  s y s t e m s  i n  t h e  7  main c e n t r e s  and i n  10 s m a l l e r  

c e n t r e s .  A p r o g r e s s i v e  t a r i f f  s t r u c t u r e  is  used na t ion -wide  which 

e n s u r e s  a  ba lanced  e x p l o i t a t i o n  based on  c r o s s - s u b s i d i z i n g  between 

s m a l l  and i m p o r t a n t  consumers  r e s p e c t i v e l y .  However, n e a r l y  a l l  t h e  

c l i e n t s  i n  t h e  s e c o n d a r y  c e n t r e s  be long  t o  t h e  g roup  pay ing  t h e  l o w e s t  

- s o c i a l  - t a r i f f  o f  FCFA 70 p e r  m 3 ,  which is f a r  below t h e  p r o d u c t i o n  

c o s t s .  The e x p l o i t a t i o n  o f  t h e  schemes would t h u s  h e a v i l y  depend on a  

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

Moreover,  i n  t h e  n e a r  f u t u r e  c o n s i d e r a b l e  i n v e s t m e n t s  are n e c e s s a r y  

t o  c o v e r  t h e  c a p i t a l ' s  f a s t  g rowing  w a t e r  demand. For t h e s e  

r e a s o n s  i t  h a s  been proposed t o  i n c r e a s e  t h e  l o w e s t  t a r i f f s  (which 

have  n o t  been a l t e r e d  s i n c e  1968)  w i t h  35% which would e n s u r e  a  

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

c e n t r e s  a t  l e a s t  t h e  r e c u r r e n t  c o s t s  would be c o v e r e d .  

In s e v e n  c e n t r e s  w a t e r  would t h e n  be s o l d  a t  a  t a r i f f  be-low t h e  

economic p r o d u c t i o n  c o s t s .  The main j u s t i f i c a t i o n  f o r  t h i s  was found 

i n  a n  improvement o f  t h e  h e a l t h  c o n d i t i o n s .  There a r e  i n d i c a t i o n s  

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

when f i e l d s  have t o  be p r e p a r e d ,  r e s t r i c t  t h e  optimum u s e  o f  a v a i l a b l e  

manpower. Secondly  it was conc luded  t h a t  i n s t a l l i n g  p u b l i c  w a t e r s u p p l y  

schemes i n  s m a l l  u r b a n  c e n t r e s ,  t o g e t h e r  wi th  r u r a l  e l e c t r i f i c a t i o n ,  

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

would c o n t r i b u t e  t o  t h e  gove rnmen t ' s  p o l i c y  o f  i n t e g r a t e d  r u r a l  

development  and d e c e n t r a l i z a ~ i o n ,  which i n d i r e c t l y  would r e d u c e  t h e  

e x c e s s i v e  m i g r a t i o n  t o  t h e  few l a r g e  u rban  c e n t r e s  o f  Upper-Volta 





7 CONCLUSIONS 

o Both wa te r  r e s o u r c e s  and c a p i t a l  r e s o u r c e s  a r e  s c a r c e  i n  Upper-Volta.  

Any p r o j e c t ,  which-ever ,  r e q u i r e s  a  comple te  f e a s i b i l i t y  s t u d y  t o  

e n s u r e  an  o p t i m a l  u s e  o f  bo th  r e s o u r c e s .  

e D e t a i l e d  h y d r o g e o l o g i c a l  i n v e s t i g a t i o n s  conf i rmed  t h e  e x i s t e n c e  o f  

r enewab le  g roundwate r  r e s o u r c e s  i n  a l l  c e n t r e s ,  m e e t i n g  t h e  demands 

o f  t h e  y e a r  2005,  and t h u s  e n s u r i n g  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  t h e  

schemes.  

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

o f  t h e  sys t ems  a s  w e l l  a s  t h e  f i n a n c i a l  s t a t u s  o f  t h e  N a t i o n a l  Water 

O f f i c e  proved t h a t ,  w i t h o u t  t a r i f f  m o d i f i c a t i o n s ,  t h e  s y s t e m s  migh t  

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

which would c e r t a i n l y  j e o p a r d i z e  a  c o n t i n u o u s  e x p l o i t a t i o n  o f  

t h e  schemes. 

e It was conc luded  t h a t  i n  seven  o u t  o f  t h e  t e n  c e n t r e s  t h e  i n t r o d u c t i o n  

o f  a  p u b l i c  s y s t e m  is e c o n o m i c a l l y  j u s t i f i e d .  I n  t h e  r ema in ing  t h r e e  

c e n t r e s  t h e  p r o d u c t i o n  c o s t s  would be e x c e s s i v e l y  h i g h ,  due t o  t h e  

s m a l l  s c a l e  o f  o p e r a t i o n .  I n  o n e  o f  t h e s e  c e n t r e s  t h e  t r a d i t i o n a l  

wa te r supp ly  a p p e a r e d  t o  be s a t i s f a c t o r y  and improvement by means o f  

a  p iped  sys t em was n o t  on t h e  p r i o r i t y  l is t  o f  t h e  v i l l a g e r s ;  

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

c e n t r e  t h e  s i t u a t i o n  was indeed  v e r y  u r g e n t ,  a l t h o u g h  it was f e l t  

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

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

e The c o n c l u s i o n s  o f  t h e  f e a s i b i l i t y  s t u d y  were  s h a r e d  by a n  a p p r a i s a l  

m i s s i o n  o f  t h e  West-African Development Bank (BOAD) and t h e  

Government o f  The Ne the r l ands  and t h e  d e c i s i o n  was r e a c h e d  t o  

co - f inance  t h e  p r o j e c t  . 
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ABSTRACT 

Although t h e  S i x  C i t i e s  Water Supply  P r o j e c t  h a s  n o t  been p lanned  

w i t h i n  t h e  scope  o f  t h e  Water Decade, t h e  c o n s t r u c t i o n  o f  t h e  d e s i g n e d  

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

1980-1 990. 

I n  1974 t h e  Governments o f  I n d o n e s i a  and The N e t h e r l a n d s  a g r e e d  t o  

c o - o p e r a t e  i n  t h e  p r o j e c t .  

The c i t i e s  S o l o k ,  Curup, Lubukl inggau,  Se rang ,  Tasikmalaya and 

T e r n a t e  were i n c l u d e d  i n  t h i s  w a t e r  s u p p l y  p r o j e c t .  The Terms o f  

Refe rences  r e q u i r e d  t h a t  a  m a s t e r p l a n  f o r  w a t e r  s u p p l y  would be drawn 

up f o r  t h e  y e a r  2000 .  DHV C o n s u l t i n g  E n g i n e e r s  s h o u l d  p r e p a r e  a  

f e a s i b i l i t y  s t u d y  and d e t a i l e d  d e s i g n s  i n  t h e  S i x  C i t i e s  Water Supply  

P r o j e c t  . 

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

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

w a t e r  s u p p l y  o f  Tasikmalaya and T e r n a t e  (two o f  t h e  s i x  c i t i e s ) ,  

p receded  by some remarks  c o n c e r n i n g  t h e  methodology a p p l i e d  i n  t h e  

m a s t e r p l a n  and f e a s i b i l i t y  s t u d i e s .  



1 INTRODUCTION 

I .  1 The project 

I n  1974 t h e  Governments o f  I n d o n e s i a  and The N e t h e r l a n d s  a g r e e d  t o  

c o - o p e r a t e  i n  t h e  p r o j e c t  . 

A s  e x e c u t i v e  agency  f o r  The N e t h e r l a n d s  t h e  D i r e c t o r a t e  f o r  T e c h n i c a l  

A s s i s t a n c e  (DGIS) o f  t h e  M i n i s t r y  o f  Fore ign  A f f a i r s  was a p p o i n t e d ,  

f o r  I n d o n e s i a  t h e  D i r e c t o r a t e  o f  S a n i t a r y  E n g i n e e r i n g  which o p e r a t e s  

w i t h i n  t h e  D i r e c t o r a t e  General  C i p t a  Karya o f  t h e  M i n i s t r y  o f  P u b l i c  

Works and E l e c t r i c  Power. DHV C o n s u l t i n g  E n g i n e e r s  e x e c u t e d  t h e  

m a s t e r p l a n  and feasibility s t u d i e s ,  made d e t a i l e d  d e s i g n s  and d r a f t e d  

t h e  t e n d e r  documents  f o r  t h e  f i r s t  phase  o f  t h e  p r o j e c t  and is 

s u p e r v i s i n g  i t s  i m p l e m e n t a t i o n ,  e x c e p t  f o r  S o l o k ,  which is done by a n  

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

c i t i e s  ( s e e  map, F i g u r e  1 ) :  

Town Prov ince  P o p u l a t i o n  ( 1  976 ) 

Solok West Sumatra 28,000 

Curup Bengkulu 85 ,000  

Lubukl inggau South  Sumatra  49,000 

Se rang  West J ava  91 ,000  

Tasikmalaya West J a v a  143 ,000  

T e r n a t e  Maluku 42 ,000  





1 .2 Assignment and progress 

The Terms'of Reference required that a masterplan for water supply 

be drawn up for the year 2000. The masterplan was to be divided into 

two phases, the first of which ending in 1990. For this first phase 

the Consultant should prepare a feasibility study and detailed 

designs. 

Target of the study was to supply as large a proportion of the 

urban population as was technically and economically feasible with 

water from a public water supply system. 

The improvement of the sanitary conditions resulting from providing 

the population with easy access to safe and sufficient water is 

expected to yield a positive effect on the level of public health. 

The progress of the study was grosso mod0 in agreement with the 

proposed timeschedule. The study commenced in March 1976 and was 

concluded in April 1978. As supplementary designs were required part 

of the design work continued into 1981, but this did not hamper the 

implementation, which started in the course of 1978. 

The implementation was considerably delayed, mainly by the following 

factors : 

- the enormous amount of regulations to be coped with for the 
international supply tendering, leading to long delays in 

arrival of valves, fittings and other specials; 

- counterpart allocations have consistently been lower than proposed, 
leading to delays as already available tender documents had to be 

adapted, bills of quantities reduced while a number of consecutive 

contracts became necessary where otherwise a single contract would 

have been sufficient; 

- the size of contracts was purposely limited in order to stimulate 
tenders being awarded to local, smaller contractors, sometimes 

impairing the quality of the work. 

Although in March 1982 parts of the cities had a continuous water 

supply, the goals set were not achieved, neither quantitatively (number 

of connections) nor qualitatively (CO -removal, chlorination). 
2 



2 METHODOLOGY 

2.1 Water s u p p l y  s i t u a t i o n  i n  1976 

The p o p u l a t i o n  o f  I n d o n e s i a  was e s t i m a t e d  a t  some 133 m i l l i o n  i n  1976. 

Approximately  25 m i l l i o n  p e o p l e  (19 % )  l i v e d  i n  c i t i e s  o f  more t h a n  

10,000 i n h a b i t a n t s .  The r u r a l  p o p u l a t i o n  l i v e s  i n  some 44,000 v i l l a g e s  

o f  l e s s  t h a n  10,000 i n h a b i t a n t s .  

I n  1975 some 8.3 m i l l i o n  u rban  and 4.3 m i l l i o n  r u r a l  p e o p l e  were  b e i n g  

s e r v e d  by p u b l i c  w a t e r  s u p p l y  s y s t e m s .  Of t h e  t o t a l  o f  12.6 m i l l i o n  

p e o p l e  s e r v e d  by t h e s e  s y s t e m s  some 2.7 m i l l i o n  had house  c o n n e c t i o n ,  

w h i l e  7.2 m i l l i o n  were  s e r v e d  from p u b l i c  t a p s ,  m o s t l y  t h r o u g h  w a t e r  

vendors .  

The m a j o r i t y  o f  t h e  p o p u l a t i o n  t h u s  was (and s t i l l  i s )  u s i n g  s h a l l o w  

w e l l s  (sometimes s i t u a t e d  i n s i d e  t h e  h o u s e )  and o t h e r  t r a d i t i o n a l  

s o u r c e s  l i k e  s p r i n g s ,  r a i n w a t e r  c o l l e c t o r s  and r i v e r s .  Most o f  t h e s e  

s o u r c e s  a r e  s u b j e c t  t o  c o n t a m i n a t i o n .  

2 .2  Water demand till t h e  y e a r  2000 

A s  a  f i r s t  a p p r o a c h ,  t h e  number o f  i n h a b i t a n t s  was d e t e r m i n e d  who 

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

I n  agreement  w i t h  t h e  Indones ian  A u t h o r i t i e s  it was d e c i d e d  t h a t  

a r e a s  w i t h  a  p o p u l a t i o n  d e n s i t y  unde r  40 p e r s o n s  p e r  ha would n o t  be 

s e r v e d .  The p r e s e n t  p o p u l a t i o n  o f  t h e  a r e a s  t o  be s e r v e d  i n  a l l  s i x  

c i t i e s  t o g e t h e r  i s  295,000. The c a p a c i t y  p l anned  t o  be c o n s t r u c t e d  i n  

t h e  f i r s t  phase  o f  t h e  p r o j e c t ,  up t o  1990, s h o u l d  be s u f f i c i e n t  t o  

p r o v i d e  a b o u t  462,500 p e o p l e  w i t h  w a t e r .  I n  2000 t h i s  number would be 

625,000.  

An i m p o r t a n t  r e q u i r e m e n t  is f u r t h e r ,  t h a t  t h e  consumers  a r e  supposed 

t o  pay f o r  t h e  w a t e r  d e l i v e r e d  t o  them. S t a r t i n g  from t h e  p r i n c i p l e ,  

t h a t  househo lds  c a n n o t  spend more t h a n  3% o f  t h e i r  income on w a t e r ,  

t h r e e  t y p e s  o f  c o n n e c t i o n s  a r e  e n v i s a g e d ,  v i z . :  



- house c o n n e c t i o n s ,  a  p r i v a t e  c o n n e c t i o n  t o  t h e  s u p p l y  sys tem w i t h  

in-house p i p i n g  f o r  d i s t r i b u t i o n  o f  t h e  w a t e r  t o  s e v e r a l  p o i n t s ;  

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

o n l y ,  s i t u a t e d  i n  t h e  ya rd  and  

- p u b l i c  t a p s .  

The w a t e r  demand ( i n  l i t r e s / c a p u t / d a y  p e r  t y p e  o f  s u p p l y  is assumed 

t o  grow on a n  a v e r a g e  a s  f o l l o w s :  

- house c o n n e c t i o n ,  from 110 l / c / d  i n  1976 t o  135 l / c / d  i n  2000; 

- y a r d  c o n n e c t i o n ,  from 75 l / c / d  i n  1976 t o  85 l / d / d  i n  2000; 

- p u b l i c  t a p ,  20 l / c / d  c o n s t a n t  o v e r  1976-2000. 

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

h i g h l y  s u c c e s s f u l  r e h a b i l i t a t i o n  and  e x t e n s i o n  w a t e r  supp ly  p r o j e c t  i n  

Bogor and g e n e r a l  income p r o j e c t i o n s ,  t h e  t y p e  o f  w a t e r  supp ly  f o r  

househo lds  p e r  income c l a s s  was de te rmined  on a  l / c l d  b a s i s .  

It was assumed t h a t  towards  t h e  end o f  t h e  m a s t e r p l a n  p e r i o d  a l l  

househo lds  would be  a b l e  t o  a f f o r d  a  house o r  a  y a r d  c o n n e c t i o n .  

The wa te r  demand f o r  non-domestic consumers  ( s c h o o l s ,  h o s p i t a l s ,  

i n d u s t r y ,  e t c . )  was de te rmined  s e p a r a t e l y .  

2  - 3  Water a v a i l a b i l i t y  

On t h e  b a s i s  o f  a v a i l a b l e  i n f o r m a t i o n  and f i e l d  s u r v e y s  t h e  optimum 

s o u r c e  f o r  t h e  w a t e r  supp ly  sys tem f o r  each o f  t h e  s i x  c i t i e s  was 

de te rmined .  P r e f e r e n c e  was g i v e n  t o  s p r i n g s ,  a s  i n  most c a s e s  pumping 

c o s t s  w i l l  be s m a l l  o r  even n i l  , due  t o  t h e i r  e l e v a t i o n  h i g h e r  t h a n  

t h e  p l a c e  o f  demand and t h e  w a t e r  q u a l i t y  is good. P u r i f i c a t i o n  can  

mos t ly  be r e s t r i c t e d  t o  a e r a t i o n ,  t o  remove most o f  t h e  f r e e ,  

a g g r e s s i v e  C02 and c h l o r i n a t i o n  f o r  s a f e t y  r e a s o n s .  

A d i f f i c u l t  problem appeared  t o  be  t h e  a s s e s s m e n t  o f  t h e  minimum 

a v a i l a b l e  y i e l d  o f  w e l l s  and s p r i n g s .  Sa fe  y i e l d  e s t i m a t e s  o f  

groundwater  a q u i f e r s  a r e  d i f f i c u l t  t o  make because bo th  e x t e n t  

and inpuc  and o u t p u t  o f  t h e  a q u i f e r  c a n n o t  be de te rmined  a c c u r a t e l y ,  

due  t o  l a c k  o f  a v a i l a b l e  p e r t i n e n t  i n f o r m a t i o n  and t h e  r e s t r i c t e d  

t i m e  a v a i l a b l e  f o r  f i e l d  i n v e s t i g a t i o n s .  Where p o s s i b l e ,  t e s t  pumping 



h a s  been c a r r i e d  o u t  on t h e  a q u i f e r s  s e l e c t e d  and s p o t  measurements ,  

u s i n g  f l o w  m e t e r s ,  have  been made on  s e l e c t e d  s p r i n g s .  From t h e  s p o t  

measurements  minimum f l o w s  were e s t i m a t e d  a n d ,  i f  p o s s i b l e ,  checked by 

fol low-up measurements  i n  t h e  p e r i o d  o f  s m a l l e r  s p r i n g  d i s c h a r g e s .  

2 . 4  Design c r i t e r i a  

With a  view t o  t h e  c o n d i t i o n s  and t h e  s t a t e  o f  ma in tenance  o f  t h e  

p r e s e n t  s y s t e m s ,  it was proposed t o  d i s r e g a r d  them and t o  c o n s t r u c t  

c o m p l e t e l y  new o n e s .  

The main e l e m e n t s  o f  a  w a t e r  s u p p l y  s y s t e m  a r e :  

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

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

- a t r a n s m i s s i o n  main ( i n  some c a s e s  equ iped  w i t h  one  o r  more 

b r e a k p r e s s u r e  t a n k s ) ;  

- a  r e s e r v o i r  and 

- t h e  d i s t r i b u t i o n  network w i t h  p r i v a t e  c o n n e c t i o n s .  

The s i z e  o f  t h e  v a r i o u s  s t r u c t u r e s  is based on d e s i g n  s t a n d a r d s  which 

have  been discussed w i t h  t h e  a u t h o r i t i e s  conce rned .  The d i s t r i b u t i o n  

network h a s  been c a l c u l a t e d  by means o f  a  computer  programme made 

a v a i l a b l e  by C i p t a  Karya. C a l c u l a t i o n s  have been c a r r i e d  o u t  bo th  f o r  

peak f l o w  and f o r  n i g h t  f low.  

The t e c h n i c a l  d e s i g n  o f  t h e  w a t e r  s u p p l y  network h a s  been completed 

by t h e  drawing up o f  e n g i n e e r i n g  o s t i m a t e s  o f  t h e  i n v e s t m e n t .  

2 . 5  O r g a n i z a t i o n  and management 

Due t o  t h e  f a c t  t h a t  i n  some c i t i e s  no o r  ( i n  o t h e r  c i t i e s )  a r a t h e r  

s m a l l  w a t e r  s u p p l y  network is i n  e x i s t e n c e  a  f o r m a l  o r g a n i z a t i o n  

c a p a b l e  o f  r u n n i n g  a comple te  ne twork  s h o u l d  be deve loped  more o r  

l e s s  s c r a t c h .  

A g e n e r a l  s e t - u p  o f  t h e  o r g a n i z a t i o n  w i l l  be t h a t  t h e r e  is a  team o f  

t h r e e  p e r s o n s :  a  managing d i r e c t o r ,  a  head o f  t h e  f i n a n c i a l  and 



a d m i n i s t r a t i o n  g r o u p  and a  head o f  t h e  t e c h n i c a l  g r o u p .  They a r e  

r e s p o n s i b l e  f o r  t h e  day t o  day a f f a i r s .  A boa rd ,  c o n s i s t i n g  o f  

r e p r e s e n t a t i v e s  o f  t h e  government  s h o u l d  s u p e r v i s e  t h e  w a t e r  

e n t e r p r i s e .  The e n t e r p r p e  s h o u l d ,  however ,  have  a  c o m p l e t e l y  

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

E a r l y  r e c r u i t m e n t  o f  s e n i o r  s t a f f  is e s s e n t i a l  and s h o u l d  be f o l l o w e d  

by i n s t r u c t i o n  c o u r s e s  i n  t e c h n i c a l ,  f i n a n c i a l  and a d m i n i s t r a t i v e  

m a t t e r s ,  and p r a c t i c a l  t r a i n i n g  i n  t h e  same f i e l d s  a t  some s e l e c t e d  

we l l - run  p u b l i c  w a t e r  s u p p l y  compan ies .  

Cont inued s u p p o r t  t o  t h e  e n t e r p r i s e ' s  management by a s s i g n i n g  

C o n s u l t a n t  a d v i s o r  ( s  ) t o  p r o v i d e  a n  i n - s e r v i c e  t r a i n i n g  programme 

o v e r  t h e  i n i t i a l  y e a r s  is recommended. 

2.6 Economic and f i n a n c i a l  a p p r a i s a l  

A s t a r t i n g  p o i n t  f o r  t h e  f i n a n c i a l  and economic a p p r a i s a l  o f  t h e  

p r o j e c t s  is t h e  a d o p t i o n  o f  w a t e r  r a t e s  which e n a b l e  a  l a r g e  p r o p o r t i o n  

o f  t h e  p o p u l a t i o n  t o  draw w a t e r  f rom t h e  s y s t e m .  The a im o f  t h e  

Government o f  I n d o n e s i a  is  t h a t  u l t i m a t e l y  t h e  u s e r s  s h o u l d  f i n a n c e  

a l l  r e c u r r e n t  c o s t s .  

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

(house  c o n n e c t i o n ,  y a r d  c o n n e c t i o n ,  p u b l i c  t a p s ,  small commercia l  

u s e r s  and o t h e r s ) .  

P r i n c i p a l l y ,  t h r e e  s o u r c e s  o f  f i n a n c i n g  a r e  a v a i l a b l e :  

a .  l o a n  t o  t h e  w a t e r  e n t e r p r i s e  f rom t h e  I n d o n e s i a n  Government 

a t  a  t e rm o f  30 y e a r s  w i t h  6 y e a r s '  g r a c e  p e r i o d  on  r edempt ion  

and c a r r y i n g  9% i n t e r e s t  p e r  annum; 

b .  e q u i t y  c a p i t a l  f o r  t h e  w a t e r  e n t e r p r i s e  from t h e  I n d o n e s i a n  

Government, which may be r e p a i d  p a r t l y  o n l y ,  o r  i n  d e l a y e d  

i n s t a h t s  depend ing  on t h e  f i n a n c i a l  s i t u a t i o n  o f  t h e  

e n t e r p r i s e .  &ximum e q u i t y  p a r t i c i p a t i o n  is r e s t r i c t e d  t o  50 % 

o f  t h e  p r o j e c t  c o s t ;  

c .  g r a n t  from t h e  I n d o n e s i a n  Government,  which is o n l y  a p p l i c a b l e  

i f  i n t e r e s t - f r e e  f i n a n c i n g  is r e q u i r e d  i n  e x c e s s  o f  t h e  maximum 

s e t  f o r  e q u i t y ,  above .  



The f i n a n c i a l  r e q u i r e m e n t s  have been c a l c u l a t e d  f o r  some key y e a r s ,  

b o t h  a t  1976 p r i c e  l e v e l  and a t  p r i c e  l e v e l  f o r  t h e  e x p e c t e d  y e a r  

o f  c o n s t r u c t i o n .  Furhermore a  d i v i s i o n  i n  f o r e i g n  and l o c a l  components 

h a s  been made. 

2.7 Environmental  a s p e c t s  

The C o n s u l t a n t  h a s  s t u d i e d  t h e  e n v i r o n m e n t a l  i m p a c t s ,  which t h e  

implemen ta t ion  o f  t h e  new w a t e r  s u p p l y  sys t em may h a v e .  It s h o u l d  be 

s t r e s s e d  t h a t  improv ing  t h e  h e a l t h  o f  t h e  p o p u l a t i o n  c a n n o t  be  r e a c h e d  

by a n  improved w a t e r  s u p p l y  o n l y ,  v e r y  i m p o r t a n t  is a l s o  t h e  

improvement o f  t h e  s a n i t a t i o n .  C o n s t r u c t i o n  o f  a  s ewerage  s y s t e m ,  t h e  

u l t i m a t e  s o l u t i o n  t o  t h e  problem is  t o o  c o s t l y ,  however .  

The C o n s u l t a n t  h a s  i n d i c a t e d  some p i l o t  s o l u t i o n s  which c o u l d  be 

deve&oped and expanded by t h e  l o c a l  government .  

3 HYDROLOGY AND HYDROGEOLOGY 

3.1 Tasikmalaya 

3 . 1 .  i Intr,~duct?Son 

S i n c e  1923 Tasikmalaya h a s  a  r e s t r i c t e d  p iped  w a t e r  s u p p l y  s y s t e m ,  

f e d  by t h e  C i b u n i g e u l i s  s p r i n g ,  l o c a t e d  7  km NW o f  t h e  c i t y .  

Due t o  t h e  h i g h  c o n t e n t  o f  a g g r e s s i v e  C02 i n  t h e  s p r i n g  w a t e r  ( a s  a l l  

s p r i n g s  emana t ing  f rom v o l c a n i c  a q u i f e r s  i n  J a v a ) ,  a n  a e r a t i o n  p l a n t  

was c o n s t r u c t e d ,  b u t  is o u t  o f  o r d e r  f o r  a  l o n g  time a l r e a d y .  The 

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

network a r e  s o  low t h a t  a n  e n t i r e l y  new sys t em had t o  be c o n s t r u c t e d .  

I n  August 1976 a h y d r o g e o l o g i c a l  f i e l d  s u r v e y  was c a r r i e d  o u t  i n  t h e  

a r e a  around Tas ikmalaya ,  ma in ly  t o  l o c a t e  and e v a l u a t e  l a r g e r  s p r i n g s .  

Minor a t t e n t i o n  was p a i d  t o  r i v e r s  ( h e a v i l y  p o l l u t e d  w a t e r )  and 

g roundwate r  ( p a r t l y  because  o f  p o l l u t i o n ,  p a r t l y  b e c a u s e  o f  ve ry  

s m a l l  w e l l  y i e l d s  ) .  



3.1.2 Available data 

During t h e  f i r s t  p a r t  o f  t h e  s t u d y  a l l  a v a i l a b l e  d a t a  r e l a t e d  t o  

t h e  s t u d y  was c o l l e c t e d  from t h e  d i f f e r e n t  government  and p r i v a t e  . 
a g e n c i e s  i n  J a k a r t a ,  Bandung and Tasikmalaya.  

The f o l l o w i n g  d a t a  and maps were  o b t a i n e d :  

- Geolog ica l  maps o f  West J a v a  s c a l e  1  : 250 ,000 ,  p u b l i s h e d  by t h e  

I n s t i t u t e  o f  Geology (Bandung) .  

- A n o t  p u b l i s h e d  h y d r o - g e o l o g i c a l  r e p o r t  o f  t h e  a r e a  a round  

Tasikmalaya which i n c l u d e s  a  s p r i n g  map by t h e  I n s t i t u t e  o f  Geology, 

Bandung, 1976. 

- Records from f o u r  deep  w e l l  d r i l l i n g s  a round  t h e  town from 1914 and 

1915 e d i t i o n s  o f  t h e  "Jaarboek van h e t  mijnwezen".  

- Some a d d i t i o n a l  i n f o r m a t i o n  r e l a t e d  t o  t h i s  s t u d y  was a v a i l a b l e  i n  

t h e  i n t e r n a l  r e p o r t  o f  t h e  Kabupaten o f  Tasikmalaya ( E .  Mul j ad i  

1972) .  

- Topograph ica l  maps o f  t h e  a r e a ,  s c a l e  1  : 50 ,000  c o p i e d  from 

Dutch maps d a t e d  1936. 

- A e r i a l  p h o t o g r a p h s  s c a l e  1  : 20 ,000  o f  Tas ikmalaya .  The c o v e r a g e  o f  

t h e s e  pho tographs  d i d ,  however ,  n o t  i n c l u d e  t h e  a r e a  o f  t h e  

Cipondok s p r l n g  . 

- Long t e rm monthly  r a i n f a l l  o b s e r v a t i o n s  o f  Tasikmalaya from 1885 

t o  p r e s e n t  (1945-1950 m i s s i n g )  and more r e c e n t  o t h e r  c l i m a t o l o g i c a l  

d a t a  were  o b t a i n e d  from t h e  I n s t i t u t e  o f  Meteorology and Geophysics  

( J a k a r t a  1. 

The o l d  l o c a t i o n  o f  t h e  r a i n f a l l  s t a t i o n  is n o t  known, b u t  p r e s e n t  

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

- Monthly r a i n f a l l  o b s e r v a t i o n s  a t  S ingapa rna  1934-1975, w i t h  many 

m i s s i n g  y e a r s .  EVBnunre j a  ( 189 1-1 932 1,  Singaparna-Galunggung 

(1916-1 942 ) and J a y a w a t i  (1916-1938) ,  o b t a i n e d  from t h e  I n s t i t u t e  o f  

Meteorology and Geophysics ,  J a k a r t a .  

- Recent r a i n f a l l  d a t a  o f  S i n g a p a r n a  were c o l l e c t e d  a t  t h e  Kecematan 

o f  S ingapa rna  . 
- P r e s e n t  d i s c h a r g e s  o f  t h e  C ikun ten  d i v e r s i o n - c a n a l  from t h e  

I r r i g a t i o n  Dept .  o f  DPU Tas ikmalaya ,  w h i l e  1971-1974 l e v e l s  

and r a t i n g  c u r v e s  o f  t h e  Ci tanduy a t  Leuwitonjong have  been 

c o l l e c t e d  from DPMA f Bandung ) . 
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The o n l y  v a r i a b l e  c l i m a t i c  f a c t o r  i s  p r e c i p i t a t i o n ,  a l l  o t h e r  

c l i m a t i c  p a r a m e t e r s  b e i n g  s t a b l e  ( c f .  T a b l e  1 ) .  The monsoons  are 

m a i n l y  t h e  c a u s e  o f  t h e  r a i n f a l l  v a r i a t i o n  i n  t i m e  b u t  as is a p p a r e n t  

f r o m  T a b l e  2 a n d  F i g u r e  2 ,  t h e  v o l c a n o s  c a u s e  a l o c a l  o r o g r a p h i c  

e f f e c t .  

T a b l e  2 R a i n f a l l  d a t a  o f  T a s i k m a l a y a  a n d  Cipondok a r e a  

S t a t ron  Tasikmalaya Sincaparna** Jayawati Singaparna Galunqgung 
Elevation (m) 350 418 800 830 
P ~ r l o d  of 
observation 

1865-1941 1890-1941 1906-1939 

-- - 

January 369 330 339 533 
February 375 333 316 486 
~Yarch 448 340 365 567 
Apri l  333 343 431 617 
--Y 2 81 2 84 379 539 
June 207 216 306 422 
Ju ly  164 154 231 359 
August 138 143 214 318 
September 163 164 289 430 
October 331 324 539 724 
November 380 360 495 703 

392 370 387 611 Cecember ................................................................ 
Total  3,581 3,361 4,291 6,309 

I Standard 
devlat ion 

828 787 888 1,670 

Coeff ic ient  
of 

0.24 0.22 0.22 0.26 

var ia t ion  

Total  of 
rainy, days 169.9 189.3 148.4 235.2 
per  year 

Aver age 
r a i n  p e r  21 18 29 27 
r a m y  day 

* From Berlage, ver-bndelingen no. 37 
** Singaparna combined wi*& Mangoenraja 
+ Parameters no t  i n  a l l  cases  ca lcu la ted  from some da ta  s e r i e s ,  from which 

mean has been calculated 



2500mm 3000mm 3500mm 4000mm 4500mm SOOOmm 6000 mm 

Y Rain Gauge 

F i g u r e  2 Mean a n n u a l  r a i n f a l l  ( a f t e r  LMG J a k a r t a )  



The map, F i g u r e  2 ,  shows f u r t h e r  t h a t  t h e  amount o f  r a i n  is  n o t  o n l y  

i n f l u e n c e d  by e l e v a t i o n ;  p r e c i p i t a t i o n  on  t h e  SE s l o p e  o f  Gunung 

Galunggung is c l e a r l y  h i g h e r  t h a n  on t h e  s l o p e s  o f  Gunung Sawal ,  

which is  o n l y  a few hundreds  o f  m e t r e s  l o w e r .  

Although t h e  a v e r a g e  monthly  p r e c i p i a t i o n  d u r i n g  t h e  d r y  s e a s o n  

is o v e r  100 mm, t h e  p r o b a b i l i t y  o f  a monthly  r a i n f a l l  unde r  100 mm 

is  h i g h ,  a s  t h e  mont ly  s t a t i s t i c s  o f  t h e  p e r i o d  1885-1975 show. 

The a v e r a g e  monthly  e v a p o r a t i o n  i s  o v e r  100 mm t h r o u g h o u t  t h e  y e a r  

( c f .  Table  1  ).  

3.1.4 Morphology, geology and hydrogeoZogy 

Tasikmalaya is s i t u a t e d  i n  a  broad v a l l e y ,  b o r d e r e d  i n  t h e  n o r t h  by t h e  

v o l c a n o s  G. Galunggung (2241 m ,  still a c t i v e )  and G. Sawal (1764 m )  

and a  h i l l  r a n g e  ( e l e v a t i o n s  up t o  600 mm) w i t h  s t e e p  s l o p e s  i n  t h e  

s o u t h .  The two most Impor t an t  r i v e r s  f l o w i n g  t h r o u g h  t h e  v a l l e y  a r e  

t h e  C i t anduy ,  n o r t h  o f  Tasikmalaya and t h e  Ciwulan,  s o u t h  o f  

S ingapa rna  . 

The n o r t h e r n  p a r t  o f  t h e  v a l l e y  and t h e  f o o t s l o p e s  o f  t h e  v o l c a n o s ,  

where many s p r i n g s  o r i g i n a t e ,  a r e  e x t e n s i v e l y  u s e  f o r  we t l and  r i c e  

f a rming .  The h i l l s  i n  t h e  s o u t h ,  where o n l y  a  few s p r i n g s  o c c u r ,  

a r e  much l e s s  i n  u s e  f o r  i r r i g a t e d  a g r i c u l t u r e .  Here many q u a r r i e s  

o c c u r ,  e x p l a i t i n g  l i m e s t o n e  o u t c r o p s .  

G e o l o g i c a l l y ,  two zones  can be d i s t i n g h u i s h e d  ( c f .  F i g u r e s  3 and 4 )  

v i z .  : 

- t h e  s o u t h e r n  h i l l  r a n g e ,  made up o f  t e r t i a r y  m a r i n e  m a r l s ,  

c l a y s ,  t u f f  and l i m e s t o n e  and 

- t h e  n o r t h e r n  z o n e ,  u n d e r l a i n  by q u a t e r n a r y  v o l c a n i c s ,  c o v e r i n g  t h e  

t e r t i a r y  mar ine  d e p o s i t s .  

The c o r e  and t h e  summit o f  t h e  v o l c a n o s  c o n s i s t  o f  a n d e s i t e ,  t h e i r  

s l o p e s  and t h e  v a l l e y  i n  between and t o  t h e  s o u t h  a r e  made up o f  

s u b - h o r i z o n t a l l y  bedded l a y e r s  o f  a n d e s i t e ,  v o l c a n i c  b r e c c i a ,  

c o a r e s  and f i n e - g r a i n e d  e j e c t a  and t u f f .  





Vert. s ca le  1 : 5,000 

Hor. s ca le  1 : 100,000 

I::::1 ' ndes i t e  I 
undifferentiated vo1ca.i r 

8 a t e r i a l  

rn luffaceous clay 1 > Tert iary  

m IYarl, c l ay  J 
Figure 4 Diagrammatic geological  p r o f i l e  A-A'of Tasikmalaya 



The hydrogeology o f  t h e  t e r t i a r y  s e d i m e n t s  i n  t h e  s o u t h  i s  

c h a r a c t e r i z e d  by low t r a n s m i s s i b i l i t i e s ,  r e s u l t i n g  i n  o n l y  a few 

s p r i n g s .  I n  t h e  v o l c a n i c  zone s u r f a c e  run -o f f  is dominant  around t h e  

summits  o f  t h e  v o l c a n o s ,  on t h e  m i d d l e  p a r t  o f  t h e i r  s l o p e s  i n f i l t r a t i o n  

p r e v a i l s  whereas  on t h e  f o o t s l o p e s  g roundwate r  emerges  i n  many s p r i n g s ,  

t h e  o n e s  a t  Gunung Galunggung b e i n g  t h e  l a r g e s t  by f a r .  I n  t h e  v a l l e y  

g roundwate r  o c c u r s  a t  s h a l l o w  d e p t h  and  s m a l l  s p r i n g s  a r e  a b u n d a n t .  

The s h a l l o w  p h r e a t i c  g roundwate r  is  b e i n g  used a s  t h e  main s o u r c e  o f  

domes t i c  w a t e r  by more t h a n  70 % o f  Tas ikmalaya ' s  i n h a b i t a n t s .  

However, w e l l s  w i t h  a  d e p t h  o f  5 m o r  l e s s  o f t e n  d r y  up  d u r i n g  t h e  

d r y  s e a s o n .  

Table  3 Water q u a l i t y  n e a r  Tasikmalaya 

Sample 1 2 3 4 5 6 7 

temperature (OC) 32 25.5 60-70 21.5 21.5 20.5 20 
pH * * * * * C * 
hardness (OD) 12.3 11.5 23 4.6 4.5 2.8 3.9 
spec i f i cconduc tance  635 200 2500 305 280 195 220 
(micromhas/cm) 
colour  ( u n i t s  Pt/Co) 55 8 15  50 50 50 18 
t u r b i d i t y  (FTU) 12 4 1 .5  10 8 7 1 
i r o n  (mg/l Fe) , 0.03 0.05 0.12 0.075 0.05 0.05 0.055 
manganese (mg/l Mn) 0.00 0.20 0.45 0.08 0.00 0.00 0.08 
copper (mg/l Cu) 0.07 0.10 0.20 0.09 0.08 0.07 0.08 
anrmonia (mg/l ?1H41 ** ** ** * * * i * * ** 
ch lo r ide  (mg/l C1) 440 5 25 16.25 10 2.5 3.85 
n i t r i t e  (mg/l NO21 0.00 0.00 0.05 0.01 0.00 0.01 0.02 
n i t r a t e  (mg/l NO3) 4.40 5.72 3.52 2.64 1.76 2.20 3.08 
su lpha te  (mg/l so4) 43 68 406.25 9.0 2.5 0.99 8.00 
f l u o r i d e  (~ng/l F) - 0.12 0.43 0.30 0.34 0.32 0.48 
E-coli  i n  100 ml sample 12-52 0 - 5-10 1-16 5-lf - 
E-coli  in 50 m l  sample 0 0 - 2 0 5 - 
* p H  meter o u t  o f  o r d e r  
*" no armnonia f r e e  d i s t i l l e d  water a v a i l a b l e  
Sample 1 Singaparna 
Sample 2 Cibunigeul is  
Sample 3 Cipanas 
Sample 4 Cisaladah 
Sample 5 Cikabuyala 
Sarnple 6 Maaggung 
Sample 7 Cipondok 



Already i n  t h e  beg inn ing  o f  t h i s  c e n t u r y  (1913-1915) a t t e m p t s  have  

been made t o  e x p l o i t  a r t e s i a n  a q u i f e r s  a t  g r e a t  d e p t h .  Boreho les  o f  

more t h a n  400 m have  been d r i l l e d  and a r t e s i a n  w a t e r  h a s  been found 

i n d e e d ,  b u t  y i e l d s  a r e  e x t r e m e l y  s m a l l  ( a  few l i t res  p e r  m i n u t e ) .  

Elsewhere  on  J a v a  comparable  s i t u a t i o n s  o c c u r  i n  v o l c a n i c  d e p o s i t s ,  

d u e  t o  t h e  ex t r eme  t h i n n e s s  o f  t h e  w a t e r - b e a r i n g  l a y e r s .  Thesc 

a q u i f e r s  a r e  i n  f a c t  o n l y  e x p l o i t a b l e  where t h e y  c r o p  o u t  ovev .  

c o n s i d e r a b l e  d i s t a n c e s  ( s p r i n g s )  o r  by means o f  l a r g e - d i a m e t e r  w e l l s .  

The q u a l i t y  o f  t h e  g roundwate r  is g e n e r a l l y  g o o d ,  e x c e p t  a  t o o  

h i g h  c o n t e n t  o f  a g g r e s s i v e  C02 and 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  

i n  open ,  s h a l l o w  w e l l s ,  e s p e c i a l l y  i n  t h e  u rban  a r e a s .  

3 . 1 . 5  Surface water 

R i v e r s  i n  t h e  Tasikmalaya a r e a  a r e  ma in ly  r a in -dependen t  w i t h  low t o  

v e r y  low d i s c h a r g e s  towards  t h e  end o f  t h e  d r y  s e a s o n  and f r e q u e n t  

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

The low f l o w s  o f  t h e  two l a r g e s t  r i v e r s ,  t h e  Ci tanduy and t h e  Ciwulan 

b e i n g  o f  t h e  o r d e r  o f  some cumecs ,  t h e y  would b o t h  be  a b l e  t o  s u p p l y  

Tasikmalaya w i t h  domes t i c  w a t e r .  However, t h e  q u a l i t y  o f  t h e  

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

e l a b o r a t e  and c o s t l y  p u r i f i c a t i o n  measures  would be  r e q u i r e d .  

T h e r e f o r e ,  p r e f e r e n c e  h a s  been g i v e n  t o  t h e  much c l e a n e r  s p r i n g w a t e r  

a s  a s o u r c e  o f  t h e  ' domes t i c  w a t e r  s u p p l y  f o r  Tasikmalaya.  

The l n s t i t u t e  o f  Geology i n  Bandung made and e x h a u s t i v e  i n v e n t o r y  

o f  t h e  s p r i n g s  a round  Tasikmalaya.  Within  t h e  s c o p e  o f  t h e  m a s t e r p l a n  

s t u d y  t h e  most p romis ing  s p r i n g s  have  been l o c a t e d  and t h e i r  d i s c h a r g e s  

have been measured ,  u s i n g  O t t  f low-meters  ( c f .  Tab le  4 ) .  





Because a s  a  r u l e  o n l y  one  d i s c h a r g e  measurement p e r  s p r i n g  c o u l d  be 

performed it was o f  impor t ance  t o  g e t  an  i n s i g h t  i n t o  t h e  low-flow 

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

t ime- l ag  between p r e c i p i t a t i o n / r e c h a r g e  and s p r i n g  d i s c h a r g e .  

Edelman (1972)  deve loped  a  method a d o p t i n g  a n  a q u i f e r  bounded by two 

p a r a l l e l  i n f i n i t e  d i t c h e s  and a n  impermeable l a y e r  w i t h  a  c y c l i c a l  

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

I n t r o d u c i n g  ( p a r t l y  e s t i m a t e d )  v a l u e s  f o r  e f f e c t i v e  p o r o s i t y ,  

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

a  t ime- l ag  o f  t h e  minimum s p r i n g  d i s c h a r g e  behind t h e  minimum 

r a i n f a l l l r e c h a r g e  o f  1 . 5  months .  More r e a l i s t i c  a s s u m p t i o n s ,  such  a s  

a  more c o n c e n t r a t e d  s p r i n g  d i s c h a r g e  as compared w i t h  a  d i t c h  h a s  l e d  

t o  t h e  a d o p t i o n  o f  a t ime- l ag  o f  2 t o  3 months i n  t h e  Tasikmalaya a r e a  

where t h i n  a q u i f e r s  w i t h  l i m i t e d  t r a n s m i s s i v i t i e s  p r e v a i l .  

Cipondok s p r i n g  --------------- 

The Cipondok s p r i n g  h a s  been s e l e c t e d  a s  t h e  s o u r c e  o f  t h e  w a t e r  

s u p p l y  sys t em o f  Tasikmalaya.  It is l o c a t e d  ha l fway  up a  s t e e p  h i l l  

a l o n g  t h e  Cikunten r i v e r ,  n e a r  Desa Sukarad j a  ( c f  . F i g u r e s  3 and 5 ) .  

From t h e  t o p  down, t h e  h i l l  is made up o f :  

- some 5 m o f  wea the red  v o l c a n i c  b r e c c i a  and t u f f s ;  

- a n  a p p r o x i m a t e l y  20 m t h i c k  l a y e r  o f  homogeneous a n d e s i t e  w i t h  a  

pronounced columnar  s t r u c t u r e ;  

- a  l o o s e l y  cemented w a t e r b e a r i n g  v o l c a n i c  b r e c c i a ,  some 5 m t h i c k  and 

w i t h  a  good p e r m e a b i l i t y ;  

- a p p r o x i m a t e l y  10 m imperv ious  t u f f ;  

- a n  i n d e s i t i c  l a y e r ,  wedging o u t  i n  downstream d i r e c t i o n ,  and 

- some 5  m t h i c k ,  medium t o  c o a r s e - g r a i n e d  l a y e r  o f  t u f f .  

The Cikunten r i v e r  h a s  i n c i s e d  i t s e l f  i n t o  t h e  h i l l ,  t h u s  e x p o s i n g  

t h e  w a t e r b e a r i n g  l a y e r  between t h e  uppe r  a n d e s i t e  l a y e r  and t h e  

imperv ious  t u f f .  Groundwater is f l o w i n g  o u t  o f  t h i s  l a y e r ,  



c o n s t i t u t i n g  t h e  Cipondok spr ing .  

A : UPPER AREA SPRING) 

8 : LOWER ,WET. AREA 

* + + * + *  

Figure  5 c ipondik  s p r i n g  

The d i scharge  o f  t h e  s p r i n g  was 322 11s on A ~ g u s t  20,  and 532 l / s  

on December.22, 1976. A s  t h e  maximum d a i l y  water  demand o f  Tasikmalaya 

has  been assessed  t o  be 275 11s  i n  t h e  year  2000, t h e  d i s c h a r g e  o f  

Cipondok s p r i n g  was considered s u f f i c i e n t .  The q u a l i t y  o f  t h e  s p r i n g  

water  i s  good, excep t  f o r  i ts  t o o  h igh  c o n t e n t  o f  a g g r e s s i v e  CO 
2 '  

which can be removed by a e r a t i o n .  

3.1.7 EnvironmentaZ aspects 

The s a n i t a r y  s i t u a t i o n  i n  Tasikmalaya was reasonable  d u r i n g  t h e  f i e l d  

work per iod .  





60 t o  80 % o f  t h e  u r b a n  p o p u l a t i o n  had a p r i v a t e  t o i l e t ,  connec ted  

t o  t h e  sewerage o r  t h e  d r a i n a g e  s y s t e m ,  o r  t h e y  made u s e  o f  t h e  

p u b l i c  t o i l e t s  i n  t h e  b u s i n e s s  a r e a .  The r ema in ing  20 t o  40 % had 

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

The town h a s  a  f a i r l y  w e l l  m a i n t a i n e d  open sewerage s y s t e m .  

S o l i d  was te  is c o l l e c t e d  w i t h  a  f r e q u e n c y  o f  once  a day t o  once  a  week. 

It is be ing  dumped a t  a  s i t e  n o r t h w e s t  o f  Tas ikmalaya ,  o u t s i d e  t h e  c i t y .  

There  is some i n d u s t r y ,  n o t a b l y  a  t e x t i l e  m i l l ,  d r a i n i n g  somewhat 
3 p o l l u t e d  was te  w a t e r  (30  m p e r  d a y )  i n t o  t h e  r i v e r .  

R e l a t i v e l y  few c a s e s  o f  s e v e r e  w a t e r b o r n e  d i s e a s e s  were  r e p o r t e d  

from Tasikmalaya c i t y .  There was ( 1 9 7 6 )  no c h o l e r a  and t y p h o i d  

f e v e r  was s c a r c e .  D ia r rhoea  and  g a s t r o - e n t - r i t i s  do o c c u r ,  a s  we l l  

a s  water-washed d i s e a s e s ,  v i z .  s c a b i e s  and s k i n a n d  e y e  d i s e a s e s .  

A p a r t i c u l a r  e n v i r o n m e n t a l  a s p e c t  were  t h e  many e r u p t i o n s  o f  t h e  

Gunung Galunggung vo lcano  d u r i n g  1982,  w i t h  r e s u l t i n g  d e v a s t a t i n g  

f l a s h  f l o o d s  towards  t h e  end o f  1982,  damaging v a r i o u s  s t r u c t u r e s  

i n  t h e  t r a n s m i s s i o n  main ( c f .  F i g u r e  6 ) .  The w a t e r  s u p p l y  o f  

Tasikmalaya c o u l d  no l o n g e r  be e f f e c t u a t e d  by g r a v i t y ,  t h e  o r i g i n a l  

sys t em be ing  t e m p o r a r i l y  r e p l a c e d  by pumping. 

3.2 Ternate 

3.2.1 Introduction 

I n i t i a l l y  it was t h e  i n t e n t i o n ,  t o  u s e  t h e  c r a t e r  l a k e  Danau Laguna, 

s i t u a t e d  a t  6  km s o u t h  o f  Ternate- town,  a s  a  s o u r c e  f o r  i ts  d o m e s t i c  

w a t e r  s u p p l y .  I n  f a c t ,  work on a  p u b l i c  w a t e r  s u p p l y  sys t em d rawing  

w a t e r  from t h e  l a k e  had s t a r t e d  some y e a r s  b e f o r e .  A v a i l a b l e  i n f o r m a t i o n  

i n d i c a t e d  t h a t  t h e  a r e a  o f  Danau Laguna was s\ome 3 km2 and  t h a t  amply 

s u f f i c i e n t  wa te r  would be a v a i l a b l e .  However, f u r t h e r  i n f o r m a t i o n  and a  

f i r s t  f i e l d  r e c o n n a i s s a n c e  showed, t h a t  t h e  l a k e  was much s m a l l e r  
2  

(0 .18  km o n l y  and  d i d  n o t  c o n t a i n  s u f f i c i e n t  w a t e r .  - 



I n  September and October  1976 a d d i t i o n a l  f i e l d w o r k  was c a r r i e d  o u t ,  

whereas  i n  February and March 1977 f i n a l  f i e l d  t e s t  were  made, 

f o c u s s i n g  on hand-dug w e l l s  as a s o u r c e  f o r  t h e  w a t e r  s u p p l y  f o r  

T e r n a t e .  

3.2.2 Avai lab Ze data 

The f o l l o w i n g  d a t a  have been made a v a i l a b l e  a n d l o r  c o l l e c t e d :  

- t o p o g r a p h i c a l  map o f  t h e  i s l a n d ,  s c a l e  1  : 20 ,000  c o p i e d  from 

a n  o l d  Dutch map d a t e d  1916 w i t h  c o n t o u r  l i n e s  a t  10 m i n t e r v a l s ;  

- t o p o g r a p h i c a l  maps s c a l e  1  : 1 ,000  c o v e r i n g  t h e  c o a s t a l  s t r i p  i n  

which t h e  town is l o c a t e d .  The maps a r e  made by B i r o  T r i  Tunggal 

(Bandung) i n  1976 and  show c o n t o u r l i n e s  a t  1 .00 m i n t e r v a l s ;  

- a e r i a l  photograph o f  t h e  town and  i ts  d i r e c t  s u r r o u n d i n g s .  

The s o u r c e  o f  t h e  photograph is unknown; 

- l o n g  term monthly r a i n f a l l  o b s e r v a t i o n s  o f  T e r n a t e  from 1879 t o  

1941, 1951-1957 and 1971 t o  p r e s e n t  from t h e  I n s t i t u t e  o f  

Meteorology and Geophysics ( J a k a r t a ) ;  

- d a i l y  r a i n f a l l  d a t a  from 1971 t o  p r e s e n t  from t h e  m e t e o r o l o g i c a l  

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

depar tmen t  o f  T e r n a t e .  

No d e t a i l e d  g e o l o g i c a l  o r  h y d r o l o g i c a l  i n f o r m a t i o n  was found.  

Within t h e  o r i g i n a l  scope  o f  work a  s u r v e y  o f  s u r f a c e  w a t e r  

r e s o u r c e s  and g e n e r a l  a s sessment  o f  groundwater  p o s s i b i l i t i e s  were  

c a r r i e d  o u t  i n  J u l y  1976. 

In September and October  1976 a n  i n v e n t o r y  was made o f  e x i s t i n g  

s p r i n g s  and w e l l s ,  among o t h e r  t h i n g s  by t h e  e x e c u t i o n  o f  geo-  

e l e c t r i c a l  measurements and pumping t e s t s .  

A f i n a l  d e t a i l e d  s u r v e y ,  c o n c e n t r a t i n g  on t h e  f e a s i b i l i t y  o f  f u r t h e r  

groundwater  e x p l o i t a t i o n  t h r o u g h  pumped w e l l s  was f o r m u l a t e d  i n  a  

f i e l d s u r v e y  o f  November 1976 and execu ted  i n  February and March 1977. 

The programme c o n s i s t e d  mainly  o f  l o n g  d u r a t i o n  ( 5  x  24 h o u r s )  

pumping t e s t s  w i t h  d i s c h a r g e s  up t o  15 l l s e c .  from deep  w e l l s  i n  



t h e  c i t y  (up t o  26  m below g r o u n d l e v e l )  and pumping tests o f  s h a l l o w  

w e l l s  on t h e  edge o f  t h e  Ake Gaale  swamp. 

The t r o p i c a l  c l i m a t e  o f  T e r n a t e  i s  c h a r a c t e r i z e d  by t h e  e q u a t o r i a l  

d o u b l e  r a i n  p e r i o d s ,  f a l l i n g  e a c h  t i m e  a f t e r  t h e  s u n  h a s  r eached  its 

z e n i t h a l  p o s i t i o n .  From F i g u r e  7 ( s e e  page 151) i t  c a n  be  s e e n  t h a t  

t h e  maximum r a i n f a l l  t a k e s  p l a c e  a round  A p r i l  and November. 

The s u r r o u n d i n g  s e a ,  which a lways  h a s  a  t e m p e r a t u r e  s l i g h t l y  above 

2 6 ' ~  h a s  a  t e m p e r i n g  i n f l u e n c e  on  t h e  T e r n a t e  c l i m a t e .  For t h i s  r e a s o n  

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

be  s m a l l  t h r o u g h o u t  t h e  y e a r  and o v e r  t h e  y e a r s .  

Tab le  5 g i v e s  some a v e r a g e  monthly  v a l u e s  t a k e n  from t h e  t h r e e  y e a r  

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

g i v e n  above n o t  d i f f e r  ve ry  much f rom l o n g  p e r i o d  a v e r a g e s .  

O b s e r v a t i o n s  a r e  c a r r i e d  o u t  a t  32 m above mean s e a l e v e l  hence 

o b s e r v a t i o n s  a r e  o n l y  v a l i d  f o r  t h e  lower  p a r t s  o f  T e r n a t e .  The 

t e m p e r a t u r e  i n  t h e  Indones ian  a r c h i p e l a g o  u s u a l l y  d r o p s  0 . 6 ' ~  p e r  

100 m r i s e  hence t h e  a v e r a g e  t e m p e r a t u r e ,  which is 25.g0c a t  t h e  

a i r p o r t  s t a t i o n ,  w i l l  be a t  t h e  peak i n  t h e  o r d e r  o f  1 6 O ~  ( i n c r e a s e  

due t o  v o l c a n i c  a c t i o n  n o t  t a k e n  i n t o  a c c o u n t ) .  I n  t h e  p e r i o d  o f  

o b s e r v a t i o n  a v e r a g e  minimum monthly  t e m p e r a t u r e s  were  n e v e r  lower  

t h a n  2o0c, w h i l e  a v e r a g e  maximum monthly  t e m p e r a t u r e s  were  n e v e r  

above  3 2 ' ~ .  

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

was 85.5 % b u t  w i l l  undoub ted ly  be h i g h e r  n e a r  t h e  p e a k ,  which is 

a l m o s t  e v e r y  a f t e r n o o n  su r rounded  by c l o u d s .  The a v e r a g e  s u n s h i n e  

p e r c e n t a g e  is  63  % a t  t h e  s t a t i o n  b u t  it w i l l  be l e s s  n e a r  t h e  peak.  

The p r e v a i l i n g  wind d i r e c t i o n  is n o r t h ,  b u t  somet imes ,  when t h e  

east-monsoon r e i g n s  i n  l a r g e  p a r t s  o f  t h e  a r c h i p e l a g o  l o n g  s p e l l s  o f  

s o u t h - e a s t e r n  winds  c a n  be e n c o u n t e r e d  a t  T e r n a t e .  The a v e r a g e  wind 

s p e e d  is ,  d e s p i t e  T e r n a t e ' s  c l o s e n e s s  t o  t h e  sea, r a t h e r  low. 
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F i g u r e  7  Graph o f  monthly  p r e c i p i t a t i o n  and monthly  c o e f f i c i e n t  o f  

v a r i a t i o n  ( t i m e  p e r i o d  1870-1975, p e r i o d  1942-1950 and 

1958-1970 e x c l u d e d ) .  

There  a r e  n o t  s u f f i c i e n t  r a i n  g a u g e s  on  t h e  i s l a n d  t o  q u a n t i f y  t h e  

p o s s i b l e  o r o g r a p h i c  e f f e c t  o f  t h e  h i g h ,  r e l a t i v e l y  s t e e p  vo lcano  on  

t h e  r a i n f a l l .  From t h e  r e c e n t  o b s e r v a t i o n s  ( c f .  Tab le  6  ) t h e  f o l l o w i n g  

t e n t a t i v e  c o n c l u s i o n s  may be drawn. 

P r e c i p i t a t i o n  is h i g h l y  l o c a l  and randomly s c a t t e r e d  and c o n s e q u e n t l y  

a n n u a l  t o t a l s  do n o t  d i f f e r  much on v a r i o u s  l o c a t i o n s .  To a s s e s s  

whe the r  t h e  e l e v a t i o n  o f  t h e  g roundwate r  t a b l e  a s  measured i n  

September-October 1976 c o u l d  be r e g a r d e d  a s  a  r e a s o n a b l e  a v e r a g e  f o r  t h e  

end o f  t h e  second d r y  p e r i o d ,  t h e  p r e c i p i t a t i o n  d u r i n g  Ju ly ISep tember  

1976 (218 m m ,  c f .  Tab le  6  was compared w i t h  long- term d a t a  f o r  t h e  

same months ( c f  . Tab le  7 ) .  

It a p p e a r s  t h a t  218 m m ,  a l t h o u g h  low is n o t  e x t r e m e l y  s o .  

Non-exceedance o f  200 mm was 22 % f o r  t h e  73 y e a r s  o f  r e c o r d s .  

It may t h e r e f o r e  be  conc luded  t h a t  s p r i n g  d i s c h a r g e s  and g roundwate r  

l e v e l s  a s  measured i n  September-October 1976 were  n o t  e x c e e d i n g l y  low. 
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;. 2.4 Morphology, geology and 7zydrogeoZogy 

T e r n a t e  i s l a n d  is t h e  t o p  o f  a young,  f a i r l y  symmet r i ca l  s t r a t o  

v o l c a n o ,  b e l o n g i n g  t o  t h e  Circum Sunda Oroganic  System.  T h i s  g e o l o g i c a l  

s y s t e m  i s  c h a r a c t e r i z e d  by v e r t i c a l  d i f f e r e n t i a l  movements which a r e  

s t i l l  i n  p r o g r e s s ,  accompanied by a . 0 .  e a r t h q u a k e s  and v o l c a n i c  

a c t i v i t y .  I n  f a c t ,  t h e  T e r n a t e  vo lcano  i s  s t i l l  a c t i v e ,  i ts  l a t e s t  

e r u p t i o n  d a t i n g  f rom September 4 ,  1980, when l a r g e  p a r t s  o f  t h e  

i s l a n d  were c o v e r e d  w i t h  v o l c a n i c  a s h  and t h e  m a j o r i t y  o f  t h e  

p o p u l a t i o n ,  i n c l u d i n g  t h e  DHV p r o j e c t  e n g i n e e r ,  were  evacua ted  

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

The somewhat pear-shaped i s l a n d  h a s  a n  e a s t - w e s t  w i d t h  o f  a p p r o x i m a t e l y  

10 km and measures  some 13 km from n o r t h  t o  s o u t h .  The summit o f  t h e  

vo lcano  is  a t  1715 m above mean s e a l e v e l .  It h a s  a  mass ive  c o r e  o f  

a n d e s i t e ,  i ts s l o p e s  be ing  made up  o f  s u b - h o r i z o n t a l l y  bedded l a y e r s  

o f  ' u n d i f f e r e n t i a t e d  v o l c a n i c  p r o d u c t s '  ( c f .  F i g u r e  8 ) .  The i s l a n d  i s  

o f  q u a t e r n a r y  a g e .  

On t h e  w e s t e r n  s l o p e s  o f  t h e  vo lcano  a  t h i n  t o p  l a y e r  c o n s i s t s  

o f  p e r v i o u s  m a t e r i a l ,  f a v o u r i n g  t h e  i n f i l t r a t i o n  o f  t h e  major  p a r t  

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

s e a ,  g l v i n g  o n l y  l o c a l l y  r i s e  t o  some s m a l l  s p r i n g s .  Only when t h e  

t o p  l a y e r  is  s a t u r a t e d  w i t h  w a t e r  o r  d u r i n g  e x c e p t i o n a l l y  heavy 

s h o w e r s ,  s u r f a c e  run -o f f  o c c u r s  t h r o u g h  deep  narrow c h a n n e l s ,  t h e  

s o - c a l l e d  b rangkas  . 

Apart  from t h e  w e s t e r n  p a r t  o f  t h e  i s l a n d ,  t h e  10 m c o n t o u r l i n e  

m o s t l y  c o i n c i d e s  w i t h  t h e  t o p  o f  a n  a p p r o x i m a t e l y  7 m h i g h  c l i f f ,  

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

emerge a t  t h e  f o o t  o f  t h i s  c l i f f ,  a t  a  few m e t r e s  above  s e a l e v e l  

o n l y .  I n  t h e  n o r t h - e a s t e r n  p a r t  o f  t h e  i s l a n d  t h e  c l i f f  is made up 

o f  s u b - r e c e n t  l a v a  f l o w s  w i t h  h a r d l y  any v e g e t a t i o n  y e t .  They l o c a l l y  

g i v e  r i s e  t o  h o t  s p r i n g s .  Where t h e s e  h o t  s p r i n g s  emerge below s e a -  

l e v e l ,  t h e y  c r e a t e  a n  i d e a l  env i ronmen t  f o r  c o r a l  g r o w t h .  T r o p i c a l  

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

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

The a v e r a g e  a n n u a l  r a i n f a l l  e x c e s s  ( p r e c i p i t a t i o n  minus a c t u a l  evapo-  

t r a n s p i r a t i o n )  i s  e s t i m a t e d  a t  a b o u t  750 mm a t  s e a l e v e l .  The e x c e s s  

c a n  be as h i g h  a s  1300 mm n e a r  t h e  peak o f  t h e  i s l a n d .  However, a s  t h e  

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

r a i n f a l l  e x c e s s  on t h e  i s l a n d  i s  t a k e n  a t  some 900 mm.  

A f t e r  s u b t r a c t i n g  200 mm f o r  s u r f a c e  r u n - o f f ,  700 mm is l e f t  f o r  

g roundwate r  r e c h a r g e .  Th i s  is  somewhat more t h a n  22 l/sec!km 2 

which d r a i n s  i n t o  t h e  s e a  by g roundwate r  f l o w .  Assuming an  e q u a l  

d i s t r i b u t i o n  a l o n g  t h e  e n t i r e  s h o r e  l i n e  o f  T e r n a t e ,  t h e  g roundwate r  

d i s c h a r g e  i n t o  t h e  s e a  a v e r a g e s  a b o u t  60 l / s e c  p e r  km o f  c o a s t  l i n e .  

P a r t  o f  t h i s  w a t e r  c a n  be r e c o v e r e d  t o  s e r v e  T e r n a t e  w i t h  d r i n k i n g  

w a t e r .  However, n o t  a l l  o f  t h i s  w a t e r  s h o u l d  be  r e c o v e r e d  because  o f  

t h e  danger  o f  s a l t w a t e r  i n t r u s i o n  i n t o  t h e  f r e s h  w a t e r  body below 

T e r n a t e .  A s  t h e  two c r a t e r  l a k e s  a r e  c o m p l e t e l y  i n a d e q u a t e  a s  a s o u r c e  

o f  w a t e r  s u p p l y ,  t h e  o v e r a l l  c o n c l u s i o n  from t h e  above  is t h a t  t h e  

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

f o r  t h e  w a t e r  s u p p l y  o f  T e r n a t e .  Perched w a t e r t a b l e s  a t  h i g h e r  

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

t o  make e x p l o i t a t i o n  w o r t h w h i l e .  A s  an  example A i r  Tege Tege c a n  be  

t a k e n ,  which h a s  a n  e s t i m a t e d  d i s c h a r g e  l a r g e r  t h a n  5 l / s e c  a t  t h e  end 

o f  J u l y  1976,  w h i l e  t h e  d i s c h a r g e  o n  October  2 ,  a f t e r  two r a t h e r  d r y  

months ,  was o n l y  0 .15  l l s e c .  T h e r e f o r e ,  g roundwate r  e x p l o i t a t i o n  s h o u l d  

be c o n c e n t r a t e d  i n  t h e  lower  p a r t s  o f  t h e  i s l a n d .  

3. A. 5 Surface runoff 

R i v e r s  a r e  n o n - e x i s t e n t  on T e r n a t e ,  t h e  o n l y  run -o f f  c h a n n e l s  b e i n g  

d e e p l y  i n c i s e d  b r a n g k a s ,  which are d r y  most o f  t h e  y e a r .  S u r f a c e  

run -o f f  t o  t h e  s e a  is  mainly  c o n f i n e d  t o  t h e  w e s t e r n  p a r t  o f  t h e  

i s l a n d ,  where a l l u v i a l  d e p o s i t s  are v i r t u a l l y  a b s e n t .  Elsewhere  t h e  

g r e a t e r  p a r t  o f  d i s c h a r g e  i n  t h e  uppe r  p a r t  o f  t h e  b rangkas  

i n f j l t r a t e s  more downstream, t h u s  r e c h a r g i n g  t h e  g r o u n d w a t e r .  



3.2.6 S p r i n g s  

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

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

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

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

e x c e p t i o n  o f  t h e  Ake Gaale and S a n t o s a  s p r i n g s .  A s  t h e  Ake Gaale is 

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

Ternate- town,  it w i l l  be d e a l t  w i t h  s e p a r a t e l y .  

Ake Gaale means c u r l i n g  w a t e r  and is  t h e  name o f  a  swampy d e p r e s s i o n  

s i t u a t e d  a l o n g  t h e  e a s t  c o a s t  o f  t h e  i s l a n d  a t  t h e  n o r t h e r n  o u t s k i r t s  

o f  Ternate-town ( c f  . F i g u r e s  9 and 10 1. Two s m a l l  streams f l o w  from t h e  

swamp i n t o  t h e  s e a  and as t h e i r  d i s c h a r g e  a p p e a r e d  l a r g e  enough t o  u s e  

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

o f  T e r n a t e ,  t h e  a r e a  was su rveyed  i n  d e t a i l ,  employing t h e  f o l l o w i n g  

methods : 

- f l o w  measurements i n  t h e  s m a l l  s t r e a m s ;  

- t h e  d i g g i n g  o f  two e x p l o r a t o r y  t r e n c h e s  a t  t h e  f o o t  o f  t h e  c l i f f ,  

b o r d e r i n g  t h e  d e p r e s s i o n  t o  t h e  n o r t h  and t h e  w e s t ;  

- i n v e n t o r y  o f  e x i s t i n g  hand-dug w e l l s  a round  t h e  swamp; 

- wumptes t ing two newly dug w e l l s  and 

- e x e c u t i o n  o f  a  g e o - e l e c t r i c a l  m e a s u r i n g  programma. 

From t h e s e  s u r v e y s  t h e  f o l l o w i n g  p i c t u r e  a r i s e .  
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The d e p r e s s i o n  is borde red  i n  t h e  n o r t h  and wes t  by a  r i d g e  ( a v e r a g e  

h e i g h t  a b o u t  7 m ) .  The n o r t h e r n  s i d e  o f  t h i s  r i d g e  c o n s i s t s  o f  l a r g e  

b o u l d e r s  o f  a n d e s i t i c  c o m p o s i t i o n ,  r ema ins  o f  a l a v a  f l o w  r e a c h i n g  o u t  

i n t o  t h e  s e a .  On t h e  w e s t e r n  s i d e  o f  t h e  r i d g e  no b o u l d e r s  were obse rved  

and i n  a  w e l l  h e r e ,  o n l y  a  few b o u l d e r s  c o u l d  be  s e e n  a t  t h e  bo t tom.  

Presumably t h e  d e p r e s s i o n  was i n  e a r l i e r  d a y s  p a r t  o f  a bay. 

Gradua l ly  t h e  bay h a s  s i l t e d  up .  T h e h i g h  g roundwate r  t a b l e  h a s  g i v e n  

rise t o  a  swampy s a g o  f o r e s t .  I n  two ponds i n  t h e  swamp f r e s h  w a t e r  

r i s e s  th rough  t h e  sandy  bottom t o  t h e  s u r f a c e  from where  it is 

d i s c h a r g e d  t o  t h e  s e a  by means o f  t h e  two l i t t l e  s t r e a m s  ment ioned 

above .  

G e o - e l e c t r i c a l  r e s i s t i v i t y  measurements  have  been e x e c u t e d  on  t h e  

beach i n  f r o n t  o f  t h e  Ake Gaale  d e p r e s s i o n  and t o  t h e  n o r t h  and t h e  

s o u t h .  These measurements ,  o f  which t h e  l o c a t i o n  is marked on 

F i g u r e  10, show a  f r e s h l s a l t  w a t e r  i n t e r f a c e  a t  s h a l l o w  d e p t h  on 

b o t h  s i d e s  o f  t h e  d e p r e s s i o n  and no more t h a n  12 m deep  n e a r  t h e  

o u t f l o w  o f  t h e  Ake Gaale  s t r e a m s  ( s e e  F igure  1 1  ) .  

F i g u r e  1 1  R e s u l t s  o f  r e s i s t i v i t y  measurements  a l o n g  t h e  c o a s t  i n  

f r o n t  o f  Ake Gaale .  
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W a t e r l e v e l s  i n  w e l l s  a t  t h e  beach i n d i c a t e  a  s l i g h t l y  d e e p e r  l e v e l .  

(Ghyben-Herzberg p r i n c i p l e ) ,  hence it c o u l d  be t h a t  t h e  g e o - e l e c t r i c a l  

measurements i n d i c a t e  a  b r a c k i s h  zone.  However, t h e  g e n e r a l  s h a p e  o f  

t h e  i n t e r f a c e  which 1s t h e  lowes t  a t  t h e  p o i n t  where t h e  c r e e k s  

d i s c h a r g e  i n t o  t h e  s e a  r emains  t h e  same. 

Discharge o f  f r e s h  w a t e r  t o  t h e  s e a  is n o t  even ly  d i s t r i b u t e d  a l o n g  

t h e  c o a s t ,  bu t  is c o n c e n t r a t e d  a t  some p l a c e s ,  where more permeable  

a q u i f e r s  a r e  p r e s e n t .  Ake Gaale is such  a  p l a c e .  Most l i k e l y  t h e  

t u f f a c e o u s  g r a v e l  a q u i f e r  found somewhere between 1.0 and 2.0 m 

-M.S.L. p l a y s  a  r o l e  i n  i t .  However, t h e  a q u i f e r  h a s  a  t h i c k n e s s  o f  

o n l y  0 .60 m .  More p r e v i o u s  a q u i f e r s  c o u l d  pe rhaps  be  found a t  a  s t i l l  

lower  l e v e l .  The f i r s t  s e n t i o n e d  a q u i f e r  is  o v e r l a i n  by a  r a t h e r  ha rd  

semi -pe rv ious  l a y e r  o f  loamy s a n d .  Th i s  l a y e r  t i l t s  downwards towards  

t h e  c o a s t .  I n  t h e  west  and n o r t h  edge i f  Ake Gaale t h e  t o p  o f  t h i s  ha rd  

l a y e r  emerges above groundwater  l e v e l .  Near t h e  c o a s t  i t  pe rhaps  

wedges o u t  o r  h a s  f i s s u r e s  th rough  which wa te r  can  emerge,  and c a u s e s  

s p r i n g s  i n  t h e  ponds.  However, w a t e r  w i l l  a l s o  be  d i s c h a r g e d  underqround 

t o  t h e  s e a .  

Ake Gaale c a n  be developed f o r  a t  most 60 i l s e c .  The s a f e s t  s o l u t i o n  

c o n c e r n i n g  f r e s h / s a l t  wa te r  problems shou ld  be a  g a l l e r y  approx.  

200 m l o n g  e x t e n t i n g  from w e l l  1 A  a l o n g  t h e  2  m c o n t o u r  l i n e  up t o  

t h e  S.W. c o r n e r  o f  Ake Gaale.  The i n v e r t  o f  t h e  g a l l e r y  shou ld  be 

a t  2 m -fl.S.L. 

Drawdown o f  t h e  g a l l e r y  shou ld  be r e s t r i c t e d  t o  0 .40 m +M.S.L. 

( a c t u a l  w a t e r l e v e l  a t  t h e  2 m c o n t o u r  l i n e  is a b o u t  0 .90  m +M.S.L.). 

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

w e l l s ,  spaced  a t  i n t e r v a l s  o f  n o t  more t h a n  15 m; i n  t o t a l  20 

w e l l s .  The bottom o f  t h e  w e l l s  s h o u l d  be a t  2 .0  m -M.S.L., w h i l e  

t h e  maximum a l l o w a b l e  drawdown s h o u l d  be 0 .5  m ( i n  t h e  w e l l  i t s e l f ) .  

W a t e r l e v e l s  i n  t h e  w e l l s  and t h e  swamp shou ld  be  watched and p r o p e r  

measures  shou ld  be t a k e n  i n  c a s e  o f  a n  abnormal d e c r e a s e  o f  w a t e r l e v e l s  

i n  t h e  swamp. 



3.2. / Grounchater investigations 

In  J u l y  and October  1976 w e l l  s u r v e y s  were  c a r r i e d  o u t  i n  and a round  

Ternate- town,  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  o f  u s i n g  t h e  f r e s h  

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

( s e e  a l s o  s e c t i o n  3.2.4) 

One o f  t h e  c o n c l u s i o n s  o f  t h e  w e l l  s u r v e y s  was ,  t h a t  l o n g e r  l a s t i n g  

pumping t e s t s  were  r e q u i r e d .  These t e s t s  h a r e  t a k e n  p l a c e  d u r i n g  

Februa ry  and March, 1977. 

The w e l l  s u r v e y s  have  t a k e n  p l a c e  

- a l o n g  t h r e e  l i n e s  0.f w e l l s  p e r p e n d i c u l a r  t o  t h e  c o a s t  l o c a t e d  

w i t h i n  t h e  c i t y  

- a t  t h r e e  w e l l s  l o c a t e d  wes t  o f  t h e  c i t y  o f  T e r n a t e  

- a t  some w e l l s  n o r t h  o f  T e r n a t e ,  n e a r  t h e  a i r p o r t .  

The e o n c l u s i o n s  o f  t h e  t e s t s  c a n  be summarized a s  f o l l o w s :  

- The l a y e r e d  s t r u c t u r e  o f  t h e  a q u i f e r ,  which was v i s u a l l y  o b s e r v e d ,  

t o g e t h e r  w i t h  t h e  f a c t s  found d u r i n g  e x c a v a t i o n  o f  w e l l s ,  

i n d i c a t e s  much l a r g e r  h o r i z o n t a l  t h a n  v e r t i c a l  p e r m e a b i l i t i e s ,  

w h i l e  p e r v i o u s  l a y e r s  a l t e r n a t e  w i t h  semi -pe rv ious  l a y e r s .  

-  he' h o r i z o n t a l  p e r m e a b i l i t y  o f  t h e  a q u i f e r  a t  l e a s t  500 m f rom 

t h e  c o a s t  i s  between 50 and 100 m ' lday .  L o c a l l y  much l a r g e r  o r  

s m a l l e r  p e r m e a b i l i t i e s  c a n  be e n c o u n t e r e d .  

A b s t r a c t i n g  l a r g e  q u a n t i t i e s  o f  w a t e r  from t h e  a q u i f e r  above T e r n a t e  

c i t y  is  q u i t e  f e a s i b l e .  The b e s t  s o l u t i o n  i n  t h e  c a s e  o f  a n  i s l a n d  

su r rounded  by s a l t w a t e r  is a g a l l e r y  ( o r  d r a i n ) .  

P o i n t  a b s t r a c t i o n s  which c a n  c r e a t e  upconing o f  b r a c k i s h  w a t e r  a r e  

t h e n  r educed  t o  a  minimurr.. In t h e  c a s e  h e r e  t h e  g a l l e r y  s h o u l d  be  

a t  l e a s t  500 m f rom t h e  c o a s t  w i t h  a n  i n v e r t  a t  o r  s l i g h t l y  below 

M.S.L. w h i l e  t h e  l e n g t h  s h o u l d  be  a d a p t e d  t o  t h e  q u a n t i t y  o f  w a t e r  

r e q u i r e d .  According t o  t h e  w a t e r  b a l a n c e  f r e s h  w a t e r  q u a n t i t i e s  

i n  t h e  o r d e r  o f  60 l l s e c .  p e r  km s h o r e l i n e  f l o w  i n t o  t h e  s e a ,  hence  

a s a f e  r e c o v e r y  o f  50 l l s e c .  p e r  km s h o u l d  be p o s s i b l e .  



A l t e r n a t i v e l y  a  row o f  dug w e l l s  a t  l e a s t  500 m from t h e  c o a s t  

p r e f e r a b l y  between t h e  20 and 2 5  m c o n t o u r  ( w a t e r l e v e l s  a r e  between 

1.80 and 2.20 m +M.S.L.) c o u l d  be made. W a t e r l e v e l s  d u r i n g  pumping 

s h o u l d  s t a y  a t  l e a s t  0 . 5  rn +M.S.L.,  hence s t i l l  m a i n t a i n i n g  a  f r e s h  

w a t e r  body w i t h  a  t h i c k n e s s  o f  a b o u t  20 m .  

The f r e s h  w a t e r  l e n s ,  t o g e t h e r  w i t h  t h e  r a t h e r  low v e r t i c a l  

p e r m e a b i l i t i e s  s h o u l d  p r e v e n t  any  upconing o f  b r a c k i s h  w a t e r  i n  

t h e  neighbourhood o f  t h e  w e l l .  From t h i s  it c a n  be concluded t h a t  a  

drawdown between 1 .3  and 1.7 m may be t o l e r a t e d .  Wells excava ted  up t o  

5  m below i n i t i a l  w a t e r l e v e l  c o u l d  i n t e r s e c t  a q u i f e r s  w i t h  a  t o t a l  kD 
2  

v a l u e  o f  300 m /day .  Th i s  v a l u e ,  t o g e t h e r  w i t h  t h e  drawdowns mentioned 

above r e s u l t s  i n  y i e l d s  o f  a b o u t  12.5  l / s e c .  i n  dug w e l l s  o f  d i a m e t e r s  

between 1.5 and 2 .0  m .  Noting t h a t  50 l / s e c .  c a n  be e x t r a c t e d  p e r  km, 

s p a c i n g  o f  w e l l s  s h o u l d  be i n  t h e  o r d e r  o f  250 m .  

C a l c u l a t i o n  methods based on semi-conf ined a q u i f e r s  w i t h  p a r a m e t e r s  

a s  found from t h e  pumping t e s t s  d i d  i n d i c a t e  a much s m a l l e r  r a d i u s  o f  

i n f l u e n c e .  However, t h e s e  fo rmulas  a r e  based on c o n s t a n t  v e r t i c a l  f l o w  

f e e d i n g  t h e  c o n f i n e d  a q u i f e r .  The i n t e r m i t t e n t  r e c h a r g e ,  d u r i n g  wet and 

d r y  s e a s o n s  makes t h e  a s sumpt ion  o f  t h e  c o n s t a n t  v e r t i c a l  f low n o t  

c o m p l e t e l y  a c c e p t a b l e .  

The geo logy  o f  v o l c a n i c  r e g i o n s  is  n o t  v e r y  homogeneous. Hence based 

on t h e  f i n d i n g s  above one  o u t  o f  f o u r  w e l l s  may have t o  be d i s c a r d e d  

because o f  l o c a l l y  v e r y  low p e r m e a b i l i t i e s  o r  t e c h n i c a l  d i f f i c u l t i e s  

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

3.2.8 Water q u a l i t y  

Table  8  shows w a t e r  a n a l y s e s  o f  t h e  d i f f e r e n t  s o u r c e s  on Terna te .  

The w e l l s  were sampled a f t e r  t h e y  were  pumped f o r  a t  l e a s t  s e v e r a l  

h o u r s .  Ana lys i s  o f  samples  I ,  2 ,  3, 6 and 7 were c a r r i e d  o u t  by 

C i p t a  Karya e x c e p t  f o r  t h e  d e t e r m i n a t i o n  o f  02,  C02 and t h e  pH 

which were done d i r e c t l y  a f t e r  sampl ing  by t h e  C o n s u l t a n t .  

Samples 4, 5  and 8 were a n a l y s e d  by t h e  C o n s u l t a n t  u s i n g  a  Hach- 

f i e l d k i t .  The f o l l o w i n g  comments c a n  be  made a b o u t  t h e  samples .  

The h i g h  t u r b i d i t y  o f  Danau Laguna must be caused  by a l g a e  g rowth .  
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The v e r y  low ammonium c o n c e n t r a t i o n  i n  a l l  samples  e x c e p t  sample  8 

(Danau Laguna)  i n d i c a t e s  t h a t  p o l l u t i o n  is  n i h i l .  Th i s  was a f f i r m e d  

by E-co l i  d e t e r m i n a t i o n  o f  t h e  two pumped w e l l s  a t  Ake Gaale .  

R e s u l t s  were  n e g a t i v e .  

N o t i c e a b l e  i s  t h e  h i g h  c h l o r i d e  and s u l f a t e  c o n t e n t  o f  w e l l  1 U 

(sample  1 )  i n  compar ison w i t h  t h e  a n a l y s e s  o f  t h e  o t h e r  w e l l s .  

Th i s  is a l s o  t h e  c a u s e  o f  t h e  h i g h e r  s p e c i f i c  c o n d u c t a n c e  ( E . C . )  

i n  w e l l  1 U. 

N o t i c e a b l e  a r e  a l s o  t h e  d i f f e r e n t  c o m p o s i t i o n s  o f  s amples  t a k e n  a t  

t h e  n o r t h  and t h e  s o u t h  c u l v e r t  a t  Ake Gaale ( samples  4 and 5 ) .  
/ 

T h i s  means t h a t  t h e  water comes f rom d i f f e r e n t  d i r e c t i o n s  and f l o w s  

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

From a l l  s o u r c e s ,  e x c e p t  Danau Laguna, can  be s a i d  t h a t  t h e  i n t e r -  

n a t i o n a l  w a t e r  q u a l i t y  s t a n d a r d s  a r e  met .  Only t h e  f r e e  ca rbond ioxyde  

c o n t e n t  i s  r a t h e r  h i g h .  

3.2.9 EnvironmentaZ aspects 

During t h e  v a r i o u s  f i e l d  v i s i t s  i t  became a p p a r e n t  t h a t  t h e  s a n i t a r y  
* s i t u a t i o n  f o r  T e r n a t e  i s l a n d  a s  a whole was r e a s o n a b l e .  No 

e n v i r o n m e n t a l  p rob lems  a r e  t o  be  e x p e c t e d  f o r  t h e  d i s p e r s e d  l i v i n g  

r u r a l  p o p u l a t i o n .  An ample  and s a f e  domes t i c  w a t e r  s u p p l y  i n  T e r n a t e -  

town w i l l  e l i m i n a t e  t o  a l a r g e  e x t e n t  t h e  s o u r c e s  o f  w a t e r b o r n e  

d i s e a s e s ,  p r o v i d e d  t h e  n e c e s s a r y  supp lemen ta ry  s a n i t a r y  measures  be 

t a k e n  a s  t o  s o l i d  w a s t e  d i s p o s a l  and d r a i n a g e .  

The d r a i n a g e  o f  n o n - t r e a t e d  w a s t e  w a t e r  i n t o  t h e  s e a  w i l l  undoub ted ly  

l e a d  t o  p o l l u t i o n .  To d i m i n i s h  t h e  chance  o f  c o n t a m i n a t i o n  o f  

swimmers and b a t h e r s  it is recommended t o  c o n s t r u c t  one  main o u t f a l l  

d r a i n  away from majo r  p o p u l a t i o n  c o n c e n t r a t i o n .  



4  GENERAL CONCLUSIONS AND RECOMMENDATIONS 

o Genera l ly  s p e a k i n g ,  wa te r  is a n  abundant  commodity i n  I n d o n e s i a .  

P e r e n n i a l  r i v e r s  t r a v e r s e  f i v e  o f  t h e  s i x  p r o j e c t  c i t i e s  and s p r i n g s  

o c c u r  around a l l  o f  them. 

Making p o t a b l e  w a t e r  o u t  o f  mos t ly  heavy p o l l u t e d  r i v e r  w a t e r  

r e q u i r e s  e x t e n s i v e  and c o s t l y  p u r i f i c a t i o n  measures  whereas  

s p r i n g  w a t e r  as a  r u l e  o n l y  needs  a e r a t i o n  and c h l o r i n a t i o n .  A 

c o s t  a n a l y s i s  h a s  shown t h a t  t h e  u s e  o f  r i v e r  w a t e r  t a k e n  i n  n e a r  t h e  

c i t y  is  3.5 times as e x p e n s i v e  t h a n  t a p p i n g  a  s p r i n g  a t  14 km from 

t h e  c i t y .  Where f e a s i b l e ,  s p r i n g  t a p p i n g  h a s  been chosen .  

9 I n  s t u d i e s  as t h e  one a t  i s s u e ,  t h e  p e r i o d  a v a i l a b l e  f o r  f i e l d  s u r v e y s  

is g e n e r a l l y  l i m i t e d  t o  a few months ,  t o o  r e s t r i c t e d  t o  make a  

r e l i a b l e  a s s e s s m e n t  o f  t h e  minimum f lows  o f  s p r i n g s  and r i v e r s .  

A j u s t i f i e d  e s t i m a t e  o f  t h e s e  e s s e n t i a l  q u a n t i t i e s  r e q u i r e s  t h e  

a p p l i c a t i o n  o f ,  mos t ly  e m p i r i c a l ,  c a l c u l a t i o n  methods,  based on 

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

Hydro log ica l  d a t a ,  n o t a b l y  p r e c i p i t a t i o n  f i g u r e s ,  a r e  r e l a t i v e l y  

abundant  i n  I n d o n e s i a .  Genera l ly  monthly f i g u r e s  a r e  a v a i l a b l e ,  

based on o b s e r v a t i o n s  from t h e  l a t t e r  p a r t  o f  t h e  n i n e t e e n t h  c e n t u r y  

u n t i l  1941: More r e c e n t  o b s e r v a t i o n s  mos t ly  show many g a p s .  

A v a i l a b l e  d a t a  a r e  q u i t e  u s e f u l  t o  g e t  a n  i m p r e s s i o n  on a  r e g i o n a l  

l e v e l  b u t  are o f t e n  i n a d e q u a t e  f o r  d e t a i l e s  l o c a l  i n f o r m a t i o n .  
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