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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  



F i g u r e  2 Groundwater e x p u l s i o n  from submarine a q u i f e r s  by t h e  r i s e  o f  t h e  ocean l e v e l  



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  






























































































































































































































