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Groundwater is one of Sr i Lanka's most precious natural 
resources. When compared with surface water, groundwater is 
a hidden resource, which is more reliable and also less subject 
to the type of year-round variation a s in the case with surface 
streams and rivers. Groundwater however, is yet insufficiently 
understood; irrationally exploited and inadequately protected. 
The fear is that scientific ignorance may lead to its over-
exploitation. 

In writing this book, the author has adopted a geomorphic 
approach and attempted to bring together all available 
references to past studies and investigations carried out in the 
island. Chapters 2- 9 cover the geomorphic setting of the six 
main types of groundwater aquifers that have been identified in 
Sri Lanka, their geographic spread across the country and their 
main properties and present utilization, including potential 
threats. The final Chapter addresses contemporary issues on 
sustainable use of groundwater in Sri Lanka. 

This book provides an invaluable knowledge base to the State, 
Provincial, Private and Non-Governmental agencies to build an 
effective "scientific foundation for policies governing the 
management and protection of our groundwater resources. 
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XIU 

FOREWORD 

G r o u n d w a t e r is o n e o f Sri L a n k a ' s m o s t p r e c i o u s n a t u r a l r e s o u r c e s . A l a r g e n u m b e r o f p e o p l e 
d e p e n d o n it for t h e i r s u s t e n a n c e w i t h n o e x p e n s e t o t h e S t a t e . W h e n c o m p a r e d w i t h s u r f a c e 
w a t e r , g r o u n d w a t e r is a h i d d e n r e s o u r c e , w h i c h is m o r e r e l i a b l e a n d a l s o l e s s s u b j e c t t o t h e 
t y p e o f y e a r - r o u n d v a r i a t i o n a s in t h e c a s e w i t h s u r f a c e s t r e a m s a n d r i v e r s . 

G r o u n d w a t e r h a s b e e n e x p l o i t e d f r o m e a r l i e s t t i m e s in Sr i L a n k a m a i n l y for d o m e s t i c u s e a n d 

w h e r e r e a d i l y a v a i l a b l e for i r r i ga t i on a s w e l l ( e .g . in Ja f fna) . A l m o s t 8 0 % o f t h e rura l p o p u l a t i o n 

in Sri L a n k a r e l y o n g r o u n d w a t e r for t h e i r d o m e s t i c n e e d s t o d a y b e c a u s e o f i t s e x c e l l e n t 

n a t u r a l q u a l i t y a n d s u s t a i n e d a v a i l a b i l i t y t h r o u g h o u t t h e year . M a i n t o w n s in J a f fna , B a t t i c a l o a , 

M a n n a r , P u t t a l a m , V a v u n i y a d e p e n d a l m o s t 1 0 0 % o n t h e g r o u n d w a t e r s u p p l y . 

A l t h o u g h a m o s t p r e c i o u s r e s o u r c e , g r o u n d w a t e r t o d a y is a l s o a m o s t t h r e a t e n e d r e s o u r c e ; 
t h r e a t s t o g r o u n d w a t e r q u a l i t y a n d q u a n t i t y a r e v a r i e d a n d m a n y . T h e s e i n c l u d e o v e r u s e o f 
p e s t i c i d e s a n d a g r o c h e m i c a l s , w h i c h l e a c h i n t o t h e w a t e r t a b l e ; o v e r - p u m p i n g ; s a l t - w a t e r 
i n t r u s i o n in c o a s t a l a r e a s ; c o n t a m i n a t i o n b y p i t l a t r i n e s . F a c t o r s , l i k e e x t r a c t i o n a n d d e m a n d 
for g r o u n d w a t e r h a v e g r o w n r a p i d l y in r e c e n t t i m e s . P o p u l a t i o n i n c r e a s e in s e m i - u r b a n a r e a s , 
h o t e l a n d t o u r i s t i n d u s t r y in c o a s t a l s a n d a q u i f e r s , a g r o - w e l l d e v e l o p m e n t in h a r d r o c k a r e a s , 
s h r i m p f a r m i n g in n o r t h w e s t c o a s t a l p l a i n , d e m a n d a r e l i a b l e u n d e r s t a n d i n g o f t h e n a t u r e o f 
t h e g r o u n d w a t e r in i ts d i f f e r e n t s e t t i n g s a c r o s s t h e c o u n t r y . 

Sr i L a n k a , w i t h i n t h e c l i m a t e c h a n g e s c e n a r i o s , w i l l e x p e r i e n c e i n c r e a s i n g d r y n e s s in t h e d r y 
z o n e . T h i s is a l r e a d y h a p p e n i n g s i n c e l a t e 1 9 8 0 ' s . A n y f u r t h e r r i v e r d i v e r s i o n s f r o m t h e w e t 
z o n e wi l l b e t o o e x p e n s i v e t o u n d e r t a k e . It w i l l n o t b e p o s s i b l e t o r e l y o n t h e s u r f a c e w a t e r 
s o u r c e s b e c a u s e o f t h e r e d u c e d a n d e r r a t i c r a i n f a l l . G r o u n d w a t e r w i l l b e t h e ' l a s t b a s t i o n ' o f 
d e f e n c e in a s c e n a r i o o f e x t r e m e w a t e r s h o r t a g e . 

G r o u n d w a t e r h o w e v e r , is y e t i n su f f i c i en t ly u n d e r s t o o d , i r r a t i o n a l l y e x p l o i t e d a n d i n a d e q u a t e l y 
p r o t e c t e d , a l t h o u g h it is n o w b e i n g w i d e l y u s e d in a l m o s t al l p a r t s o f t h e c o u n t r y ( i n c l u d i n g t h e 
h i l l c o u n t r y s p r i n g s ) . T h e fear is tha t scientific ignorance may lead to its over-
exploitation. 
C o n s i d e r a b l e r e s e a r c h h a s b e e n d o n e in t h e p a s t o n t h e g r o u n d w a t e r c o n d i t i o n s in Sri L a n k a . 
T h e p i o n e e r i n g s t u d i e s o f C . H. L. S i r i m a n n e , d e s c r i b e d a s ' t h e f a t h e r o f g r o u n d w a t e r s t u d i e s 
in C e y l o n ' [ C . H. L . M e m o r i a l V o l u m e c o m p i l e d b y S . A r u m u g a m ] s e t t h e f i rm b a s i s for 
s u b s e q u e n t s t u d i e s c a r r i e d o u t b y d i f f e r e n t a g e n c i e s ( W R B , N W S D B , G S D ) f r o m 1 9 5 0 to 
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"When the well is dry we know the real worth of water. 
B e n j a m i n Frankl in , 1840 

P R E F A C E 
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1 

INTRODUCTION 

G e n e r a l B a c k g r o u n d 

S i n c e t h e e a r l i e s t t i m e s , w a t e r f rom b e n e a t h t h e g r o u n d o r g r o u n d w a t e r , h a s b e e n e x p l o i t e d 

for d o m e s t i c u s e , l i v e s t o c k a n d i r r iga ted a g r i c u l t u r e . A l t h o u g h t h e e x a c t n a t u r e o f i ts o c c u r r e n c e 

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

d e v e l o p e d o v e r t h e a g e s . 

It is l i t t l e r e a l i z e d t h a t o f t h e to ta l v o l u m e o f f resh w a t e r e s t i m a t e d to b e p r e s e n t o n th i s 

p l a n e t , a b o u t 2 2 p e r c e n t o c c u r s b e l o w t h e l a n d s u r f a c e in t h e f o r m o f g r o u n d w a t e r s t o r a g e . I f 

o n e w e r e t o e x c l u d e t h e w a t e r l o c k e d in p o l a r i ce c a p s , g r o u n d w a t e r w o u l d c o n s t i t u t e 9 5 

p e r c e n t o f al l f resh w a t e r p o t e n t i a l l y a v a i l a b l e for h u m a n u s e . L a k e s , s w a m p s , r e s e r v o i r s a n d 

r i v e r s p u t t o g e t h e r , a c c o u n t for o n l y 3 .5 p e r c e n t o f t h e to ta l f resh w a t e r ( F r e e z e a n d C h e r r y , 

1979 ) . 

In c o m p a r i s o n w i t h s u r f a c e w a t e r , g r o u n d w a t e r is b y i ts v e r y n a t u r e , a h i d d e n r e s o u r c e . 

A s a r e su l t , u s e r s o f t en h a v e l i t t le o r no u n d e r s t a n d i n g o f i ts l o c a t i o n , i ts d y n a m i c s a s w e l l a s 

i t s r e a l n a t u r e a n d a v a i l a b i l i t y . A t t h e s a m e t i m e g r o u n d w a t e r a c c o u n t s f o r m o r e t h a n 8 5 

p e r c e n t o f t h e s a f e d r i n k i n g w a t e r in t h e rura l a r e a s o f m o s t A s i a n c o u n t r i e s i n c l u d i n g Sri 

L a n k a . G r o u n d w a t e r u s e o n a g l o b a l s c a l e s e e m s s m a l l w h e n c o m p a r e d w i t h s u r f a c e w a t e r 

u s e , b u t b e c o m e s s i g n i f i c a n t if d r i n k i n g w a t e r is c o n s i d e r e d . It a l s o h a s t h e a d v a n t a g e o f b e i n g 

c l e a n e r d u e t o t h e filtering e f fec t o f t h e p o r o u s a q u i f e r m e d i u m in w h i c h it o c c u r s , a n d it is 

u s u a l l y o f d r i n k i n g w a t e r q u a l i t y a n d t h e r e f o r e d o e s n o t r e q u i r e f u r t h e r t r e a t m e n t . 

B e c a u s e o f its d r o u g h t rel iabi l i ty , gene ra l exce l l en t na tu ra l q u a l i t y a n d c o n t i n u o u s avai labi l i ty , 

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

rura l a r e a s o f d e v e l o p e d a n d d e v e l o p i n g n a t i o n s . It is e s t i m a t e d t h a t s o m e w h e r e in t h e r a n g e 

o f 1 ,600 t o 2 , 0 0 0 m i l l i o n p e o p l e w o r l d w i d e n o w r e l y o n t h i s r e s o u r c e for t h e i r p r i m a r y w a t e r 

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

p o s s e s s e d b y m a n y n a t i o n s . It is h o w e v e r , st i l l i n su f f i c i en t l y u n d e r s t o o d , w i d e l y u n d e r v a l u e d , 

i r r a t i o n a l l y e x p l o i t e d a n d i n a d e q u a t e l y p r o t e c t e d . 
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In t h e ru ra l a r e a s o f t h e U S A , 9 6 p e r c e n t o f d o m e s t i c w a t e r is s u p p l i e d f rom g r o u n d w a t e r 

( T o d d , 1 9 8 0 ) . S o m e o f t h e v e r y l a r g e c i t i e s in t h e w o r l d a r e t o t a l l y d e p e n d e n t o n g r o u n d w a t e r 

a q u i f e r s for t h e i r c i t y w a t e r s u p p l i e s . M a n y o f t h e m a j o r c i t i e s o f E u r o p e , e s p e c i a l l y t h o s e in 

D e n m a r k , P o r t u g a l , G e r m a n y , I ta ly a n d t h e N e t h e r l a n d s a r e m o r e t h a n 7 0 p e r c e n t d e p e n d e n t 

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

In A s i a a n d A f r i c a m o s t o f t h e l a r g e r c i t i e s u s e s u r f a c e w a t e r , b u t m i l l i o n s o f p e o p l e l i v i n g 
in t h e ru ra l a r e a s a r e d e p e n d e n t o n g r o u n d w a t e r d r a w n f r o m s h a l l o w d u g w e l l s , a s w e l l a s 
d e e p e r b o r e w e l l s . I n Sr i L a n k a , t h e t o w n s o f Ja f fna , B a t t i c a l o a , M a n n a r , V a v u n i y a a n d 
P u t t a l a m a r e m o r e t h a n 9 0 p e r c e n t d e p e n d e n t o n g r o u n d w a t e r a q u i f e r s t h r o u g h m u n i c i p a l 
w e l l f i e lds a n d p r i v a t e b o r e h o l e s . In t h e e a r l y p a r t o f t h e las t c e n t u r y , t h e H a m b a n t o t a t o w n 
d r e w its to ta l w a t e r r e q u i r e m e n t f rom the g r o u n d w a t e r p r e s e n t w i t h i n t h e s a n d d u n e s b o r d e r i n g 
t h e t o w n . 

F r o m t h e e a r l y s e v e n t i e s , h y d r o g e o l o g i s t s in Sri L a n k a h a v e f o u n d tha t s i g n i f i c a n t r e s e r v e s 
o f g r o u n d w a t e r a r e p r e s e n t in t h e m u l t i t u d e o f j o i n t s a n d f r a c t u r e s o f t h e b a s e m e n t c r y s t a l l i n e 
r o c k s in t h e c o u n t r y , a n d t h a t t h e s e r e s e r v e s c o u l d b e d r a w n b y d r i l l i n g i n t o t h e r o c k s . A n d s o 
a r o s e t h e c o n c e p t o f t u b e w e l l s a s t h e y a r e t e r m e d t o d a y . In t h e A f r i c a n b a s e m e n t r o c k s t h e y 
a r e r e f e r r e d to a s bore wells. It is n o w r e p o r t e d tha t t h e r e a r e o v e r 3 0 , 0 0 0 t u b e w e l l s in t h e 
d r y z o n e a l o n e , a l t h o u g h al l o f t h e m a r e no t o f e q u a l l y a c c e p t a b l e q u a l i t y . H o w e v e r , e a r l i e r 
w h e r e ru ra l w o m e n h a d to w a l k s e v e r a l k i l o m e t r e s e a c h d a y to c o l l e c t t h e i r p o t s o f w a t e r for 
d o m e s t i c u s e , t h e s e t u b e w e l l s b r o u g h t a b o u t a t r e m e n d o u s i m p r o v e m e n t to the i r g e n e r a l w e l f a r e . 
A n i n c r e a s i n g t r e n d o f g r o u n d w a t e r u s e for m u n i c i p a l t o w n s s u c h a s N u w a r a - E l i y a , K a n d y , 
K u r u n e g a l a a n d A n u r a d h a p u r a is a l s o o b s e r v e d . 

M a i n C h a r a c t e r i s t i c s o f G r o u n d w a t e r 

Occurrence of Groundwater 

G r o u n d w a t e r o c c u r s in m a n y d i f f e r en t g e o l o g i c a l f o r m a t i o n s . A l m o s t all r o c k s in t h e u p p e r 
pa r t o f t h e e a r t h ' s c r u s t p o s s e s s o p e n i n g s c a l l e d p o r e s o r v o i d s . In u n c o n s o l i d a t e d g r o u n d w a t e r 
m a t e r i a l s s u c h a s c o a s t a l s a n d s , t h e v o i d s a r e t h e s p a c e s b e t w e e n t h e s a n d g r a i n s , w h i l e in 
c o n s o l i d a t e d r o c k s s u c h a s o u r g n e i s s e s a n d g r a n i t e s , t h e o n l y v o i d s c o u l d b e t h e f r a c t u r e s 
a n d f i s s u r e s w h i c h a r e u s u a l l y r e s t r i c t e d b u t c o u l d b e e n l a r g e d b y t h e n o r m a l w e a t h e r i n g 
p r o c e s s e s . T h e v o l u m e o f w a t e r c o n t a i n e d in t h e r o c k d e p e n d s o n t h e p e r c e n t a g e o f t h e s e 
o p e n i n g s o r p o r e s o r v o i d s in a g i v e n v o l u m e o f t h e r o c k , w h i c h is t e r m e d t h e p o r o s i t y o f t h e 
r o c k . M o r e p o r e s p a c e s r e s u l t in a h i g h e r p o r o s i t y a n d m o r e s t o r e d w a t e r . P o r o s i t y v a l u e s for 
d i f f e r en t g e o l o g i c a l m a t e r i a l s a r e s h o w n in T a b l e 1.1. 

It is k n o w n tha t o n l y a p a r t o f t h e w a t e r c o n t a i n e d in t h e fu l ly s a t u r a t e d p o r e s c a n b e 

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

t h e p o r e s a n d a p a r t r e m a i n s h e l d b y s u r f a c e t e n s i o n . T h e r a t i o o f t h e v o l u m e o f w a t e r tha t 

wil l d r a in u n d e r g r a v i t y f r o m a n i n i t i a l s t a t e o f s a t u r a t i o n o f t h e r o c k , t o t h e t o t a l v o l u m e o f 

w a t e r i n i t i a l l y h e l d i n t h e r o c k i s d e f i n e d a s t h e specific yield of the material. 

i 
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Table 1 . 1 
Porosity and specific yield of differential geological materials 

Material Porosity % Specific Yield % 

Grave! 

Sand 

S a n d s t o n e 

Karst l imestone 

Weathered grani te and gne i ss 

Fresh grani te and gne i ss 

5 - 30 

5 - 30 

1 - 15 

0.01 - 2.0 

25 - 35 

25 - 45 

15 - 30 

10 - 30 

3 - 1 5 

2 - 1 5 

0.2 - 5.0 

< 0 . 1 

S o u r c e : Todd (1980) 

G r o u n d w a t e r is n o t u s u a l l y s t a t i c b u t f l o w s t h r o u g h t h e r o c k , a n d t h e e a s e w i t h w h i c h th i s 

g r o u n d w a t e r flows t h r o u g h t h e r o c k m a s s i s d e f i n e d a s t h e permeability of the rock. 

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

p e r m e a b l e e n o u g h t o t r a n s m i t w a t e r in q u a n t i t i e s t h a t c a n b e r e a d i l y e x p l o i t e d o r b e a b l e t o 

y ie ld a useful s u p p l y in w e l l s a n d s p r i n g s is t e r m e d an aquifer. Al l a q u i f e r s h a v e t w o f u n d a m e n t a l 

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

g r o u n d w a t e r f low. H o w e v e r , a s a re su l t o f t h e g r e a t d i v e r s i t y o f n a t u r a l g e o l o g i c a l c o n d i t i o n s , 

aqu i fe r s v a r y v e r y w i d e l y in the i r h y d r a u l i c p r o p e r t i e s ( p e r m e a b i l i t y a n d s to ra t iv i ty ) a n d r e se rvo i r 

v o l u m e ( e f f e c t i v e t h i c k n e s s a n d g e o g r a p h i c a l e x t e n s i o n ) . 

W h e n ra in fa l l s , s o m e o f it i n f i l t r a t e s i n t o t h e so i l . P a r t o f t h i s m o i s t u r e is t a k e n u p b y t h e 

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

a r e p a r t l y filled w i t h w a t e r a n d p a r t l y w i t h air. T h i s is k n o w n a s t h e u n s a t u r a t e d o r vadose 

z o n e a s s h o w n in F i g u r e 1.1, a n d in th i s u n s a t u r a t e d z o n e , s o i l , a i r a n d w a t e r a r e in c o n t a c t 

w i t h e a c h o the r . D o w n w a r d m o v e m e n t o f w a t e r in t h i s u n s a t u r a t e d z o n e is v e r y s l o w . A t 

g r e a t e r d e p t h s , all t h e e m p t y s p a c e s a r e c o m p l e t e l y f i l led w i t h w a t e r a n d t h i s is c a l l e d t h e 

s a t u r a t e d z o n e . If a h o l e is d u g o r d r i l l e d d o w n to th i s s a t u r a t e d z o n e w a t e r w i l l f l o w f rom t h e 

g r o u n d i n t o t h e h o l e a n d s e t t l e at t h e d e p t h b e l o w w h i c h al l t h e p o r e s p a c e s a r e filled w i t h 

w a t e r . T h i s l eve l is t e r m e d t h e w a t e r t a b l e , a n d t h e t e r m g r o u n d w a t e r r e f e r s o n l y to t h i s 

s a t u r a t e d z o n e b e l o w t h e w a t e r t a b l e . A l l w a t e r t ha t o c c u r s n a t u r a l l y b e n e a t h t h e e a r t h ' s 

s u r f a c e , i n c l u d i n g t h e s a t u r a t e d a n d u n s a t u r a t e d z o n e s is r e f e r r e d t o a s s u b - s u r f a c e w a t e r , a s 

s h o w n in F i g u r e l . l . 

F o r t h e m o s t p a r t g r o u n d w a t e r s y s t e m s a r e r e c h a r g e d b y ra in i n f i l t r a t i n g t h e l a n d s u r f a c e . 

M a n y a c t i v i t i e s at t h e l a n d s u r f a c e c a n t h e n t h r e a t e n t h e q u a l i t y a n d a v a i l a b i l i t y o f t h e s e 

r e s o u r c e s . T h e v o l u m e s o f w a t e r s t o r e d u n d e r g r o u n d a r e g e n e r a l l y v e r y l a r g e a n d t h u s t h e 

t i m e s c a l e o f g r o u n d w a t e r m o v e m e n t c a n b e g e n e r a l l y v e r y l o n g . B e l o w t h e w a t e r t a b l e f l ow 

o c c u r s at r a t e s r a n g i n g f r o m 10 m / d a y t o l e s s t h a n 1 m / a n n u m . 
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Figure 1 . I Classification of sub-surface water 
(Modified from Driscoll, 1986) 

Groundwater Movement 

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

w a t e r a n d a l s o o n t h e d i f f e r e n c e in l eve l b e t w e e n t h e p o i n t s o r l o c a t i o n b e t w e e n w h i c h t h e 

f low t a k e s p l a c e . In 1 8 5 6 , H e n r y D a r c y , a F r e n c h h y d r a u l i c e n g i n e e r e n u n c i a t e d t h e p r i n c i p l e , 

k n o w n l a t e r a s D a r c y ' s L a w , w h i c h s t a t e s t h a t t h e r a t e o f f l o w is d i r e c t l y p r o p o r t i o n a l t o t h e 

h y d r a u l i c g r a d i e n t . 

Q = - K i A 

W h e r e Q is t h e r a t e o f f l o w t h r o u g h u n i t a r ea A u n d e r h y d r a u l i c g r a d i e n t i. T h e h y d r a u l i c 

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

p o i n t s d i v i d e d b y t h e h o r i z o n t a l d i s t a n c e b e t w e e n t h e m . T h e p a r a m e t e r K is k n o w n a s t h e 

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

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

e n c o u n t e r e d in Sri L a n k a is s h o w n in T a b l e 1 . 2 . 
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Table 1 . 2 
Range of hydraulic conductivity for main geological materials 

Very High High Moderate Low Very Low 

Unconsolidated 
Deposits 

Consol idated 
R o c k s 

Coar se 

Karst 
L imes tone 

Fine sands 
S a n d s 

S a n d s t o n e 
(jointed) 

Silts 

Frac tured 
Wea the red 

Clays 

Sha les M a s s i v e 
igneous and 
Gne i s ses 
metamorphic 
rocks 
(Un fractured) 

S o u r c e : T o d d ( 1 9 8 0 ) 

D a r c y ' s L a w p r o v i d e s a v a l i d d e s c r i p t i o n o f t h e f l ow o f g r o u n d w a t e r in m o s t n a t u r a l l y 

o c c u r r i n g h y d r o g e o l o g i c a l c o n d i t i o n s . A l t h o u g h m o s t o f t h e f l o w in a f r a c t u r e d r o c k a q u i f e r is 

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

i n t e r c o n n e c t e d v o i d s o f t h e m a t r i x . T h e D a r c y L a w o r E q u a t i o n Q = - K i A is t h e f u n d a m e n t a l 

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

T h e i m p o r t a n c e o f D a r c y ' s L a w is b e s t s t a t e d b y T o d d ( 1 9 8 0 ) , " T h i s s t a t e m e n t , t ha t t h e 
f l ow r a t e t h r o u g h p o r o u s m e d i a is p r o p o r t i o n a l t o t h e h e a d l o s s a n d i n v e r s e l y p r o p o r t i o n a l t o 
t h e l e n g t h o f t h e f l o w p a t h , is k n o w n u n i v e r s a l l y a s D a r c y ' s L a w . It , m o r e t h a n a n y o t h e r 
c o n t r i b u t i o n , s e r v e s a s t h e b a s i s for p r e s e n t d a y k n o w l e d g e o f g r o u n d w a t e r f low. A n a l y s i s 
a n d s o l u t i o n o f p r o b l e m s r e l a t i n g to g r o u n d w a t e r m o v e m e n t a n d w e l l h y d r a u l i c s b e g a n a f t e r 
D a r c y ' s w o r k . " 

Aquifers and Rock Types 

M o s t o f t h e w o r l d ' s i m p o r t a n t a q u i f e r s a r e o f s e d i m e n t a r y o r i g i n . I g n e o u s a n d m e t a m o r p h i c 
r o c k s a r e g e n e r a l l y far l e s s i m p o r t a n t a s s o u r c e s o f g r o u n d w a t e r . A s a r e s u l t o f t h e i r m o d e o f 
f o r m a t i o n , i g n e o u s a n d m e t a m o r p h i c r o c k s h a v e a v e r y l o w in i t i a l p o r o s i t y a n d p e r m e a b i l i t y . 
W i t h t h e p a s s a g e o f t i m e a n d e x p o s u r e t o t h e n a t u r a l w e a t h e r i n g p r o c e s s e s , j o i n t s a n d f r ac tu res 
c o u l d d e v e l o p w i t h i n t h e i g n e o u s a n d m e t a m o r p h i c r o c k s s o t h a t s u f f i c i e n t p o r o s i t y a n d 
p e r m e a b i l i t y is c r e a t e d w i t h i n t h e w e a t h e r e d r o c k m a t r i x t o p e r m i t t h e d e v e l o p m e n t o f an 
aqu i f e r . It w i l l b e s e e n in t h e s u b s e q u e n t c h a p t e r s t h a t t h e s e w e a t h e r e d r o c k s o f t h e 
b a s e m e n t c o m p l e x in A f r i c a a n d Sri L a n k a c a n b e v i ta l s o u r c e s o f g r o u n d w a t e r . 

In c o n t r a s t , s e d i m e n t a r y f o r m a t i o n s b y t h e i r i n h e r e n t n a t u r e h a v e a h i g h p o r o s i t y a n d 
p e r m e a b i l i t y . S e d i m e n t a r y f o r m a t i o n s , o r i g i n a l l y f o r m e d a t s h a l l o w d e p t h s a n d h a v i n g a h i g h 
i n t e r - g r a n u l a r p o r o s i t y a n d s u b s e q u e n t l y sh i f t ed b y e a r t h m o v e m e n t s , h a v e a w e l l d e v e l o p e d 
s e c o n d a r y p o r o s i t y w h i c h h e l p s t h e f o r m a t i o n o f p r o d u c t i v e a q u i f e r s . T h e f l o w o f g r o u n d w a t e r 
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in t h e s e s e d i m e n t a r y f o r m a t i o n s t a k e s p l a c e b o t h in t h e f i s su res a s w e l l a s in t h e i n t e r - g r a n u l a r 
s p a c e s w i t h i n t h e m a t r i x . 

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

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

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

t h e g e n e r a l m a t r i x . 

D e e p c o n s o l i d a t e d s e d i m e n t a r y f o r m a t i o n s , s u c h a s t h o s e f o u n d in N o r t h - W e s t e r n Sri 

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

o p p o r t u n i t y for d i s s o l u t i o n o f m i n e r a l s a n d , t h e r e f o r e , a r e o f t en o f p o o r n a t u r a l q u a l i t y . 

Aspects of Groundwater Quality 

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

t y p e s t h a t w i l l b e t a k e n u p for d i s c u s s i o n in t h e n e x t ten c h a p t e r s w i l l b e c o n s i d e r e d . 

O n t h e w h o l e , t h e n a t u r a l c h e m i c a l q u a l i t y o f g r o u n d w a t e r is g e n e r a l l y g o o d . H o w e v e r , the 

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

u s e . T h e r e l a t i v e a b u n d a n c e o f t h e s e c o n s t i t u e n t s d i s s o l v e d in g r o u n d w a t e r is g i v e n in T a b l e 

1 . 3 . 

T a b l e l . 3 

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

Major constituents 
(1.0 to 1,000 mg/i) 

Secondary constituents 
(0.01 to 10.0 tng/l) 

Minor constituents 
(0.0001 to 0.1 tng/l) 

Sodium Iron Arsenic 
Calcium Aluminium Phosphate 
Magnesium Potassium Manganese 
Sulphate Carbonate Barium 
Chloride Nitrate Strontium 
Bicarbonate Fluoride Lithium 
Silica Boron Cadmium 

Selenium Chromium 
Nickel 
Copper 
Cobalt 

Lead 

Source: Todd (1980) 
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A c c o r d i n g to D i s s a n a y a k e a n d W e e r a s o o r i y a ( 1 9 8 5 ) , t h e g r o u n d w a t e r s o f Sr i L a n k a c a n 

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

i. C a l c i u m t y p e 

i i . M a g n e s i u m t y p e 

iii . S o d i u m / P o t a s s i u m t y p e 

iv. N o n - d o m i n a n t c a t i o n t y p e 

T h e y h a v e p r o d u c e d a m a p w h i c h i l l u s t r a t e s t h e d i s t r i b u t i o n o f t h e s e four m a j o r t y p e s in 

Sri L a n k a , a n d h a v e b e e n a b l e t o c l e a r l y s h o w t h e i n f l u e n c e o f t h e u n d e r l y i n g g e o l o g y a n d 

c l i m a t i c f ac to r s o n t h e c h e m i c a l q u a l i t y o f g r o u n d w a t e r in S r i L a n k a . W h e n c o m p a r e d w i t h 

T a b l e I . 3 , it c o u l d b e o b s e r v e d tha t t h e m a j o r c o n s t i t u e n t s a r e t h e d o m i n a n t o n e s tha t g o v e r n 

g r o u n d w a t e r q u a l i t y in t h i s c o u n t r y . 

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

r i d e s , f l u o r i d e s , m a n g a n e s e a n d i r o n o f t h e g r o u n d w a t e r s in Sri L a n k a is e x p l i c i t l y s h o w n in a 

se t o f m a p s ( 1 : 1 , 6 0 0 , 0 0 0 s c a l e ) , a l o n g w i t h s u p p o r t i n g t a b l e s in t h e H y d r o g e o c h e m i c a l A t l a s 

o f Sr i L a n k a b y D i s s a n a y a k e a n d W e e r a s o o r i y a ( 1 9 8 5 ) . 

H i g h l e v e l s o f f l u o r i d e h a v e b e e n r e p o r t e d for g r o u n d w a t e r f r o m s o m e h a r d r o c k a r e a s in 

t h e A n u r a d h a p u r a , P o l o n n a r u w a a n d H a m b a n t o t a d i s t r i c t s . It is a l s o e s t i m a t e d t h a t a b o u t 4 0 

p e r c e n t o f t h e t u b e w e l l s c o n s t r u c t e d in t h e d r y z o n e d i s t r i c t s d u r i n g t h e las t d e c a d e o f t h e 2 0 t h 

c e n t u r y , h a d to b e a b a n d o n e d d u e to c o n t a m i n a t i o n f r o m f l u o r i d e a s w e l l a s f r o m i ron a n d 

m a n g a n e s e . H i g h c o n c e n t r a t i o n s o f f luor ide in g r o u n d w a t e r f rom d u g w e l l s h a v e b e e n r e p o r t e d 

in s p e c i f i c l o c a t i o n s o f t h e m e t a m o r p h i c h a r d r o c k t e r r a i n s in I n d i a , M a l a w i a n d T a n z a n i a . 

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

w h e r e t h e y a r e o f t e n a n i m p o r t a n t w a t e r q u a l i t y i s s u e . C o n s u m e r s t e n d t o r e j ec t u n t r e a t e d 

g r o u n d w a t e r f rom h a n d p u m p s u p p l i e s if it ha s a h i g h i ron c o n c e n t r a t i o n , a n d o p t for u n p r o t e c t e d 

s u r f a c e w a t e r s o u r c e s w i t h l o w i ron l e v e l s b u t w h i c h m a y h a v e b a c t e r i a l p o l l u t i o n o f s e v e r a l 

k i n d s . T h e s i t u a t i o n is m a d e w o r s e in m a n y a r e a s b y t h e c o r r o s i o n o f t h e f e r r o u s w e l l a n d 

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

In a r e c e n t r e v i e w a r t i c l e b y S .L . A m a r a s i r i ( T h e I s l a n d , 2 F e b r u a r y 2 0 0 6 ) t i t l ed ' C a n 

fe r t i l i ze r h a r m d r i n k i n g w a t e r q u a l i t y ? ' h e s t a t e s t h a t Mt is t h e n i t r a t e l e v e l s in w e l l w a t e r 

a r i s i n g f r o m fe r t i l i ze r u s e t h a t is t h e c a u s e for m u c h c o n c e r n a t p r e s e n t ' H e c i t e s t h e f i n d i n g s 

o f l a t e S. N a g a r a j a h in 1 9 8 8 w h i c h s h o w e d t h a t 15 o f t h e 19 f a r m w e l l s m o n i t o r e d in t h e 

J a f fna p e n i n s u l a h a d m o r e t h a n t h e s t i p u l a t e d p e r m i s s i b l e l e v e l s o f n i t r a t e . S i m i l a r l y , r e s e a r c h 

a t K a l p i t i y a in 1 9 9 0 i n d i c a t e d tha t n e a r l y 5 0 p e r c e n t o f t h e w e l l s s t u d i e d b y K u r u p p u a r a c h c h i 

h a d n i t r a t e l e v e l s e x c e e d i n g t h e a c c e p t a b l e l i m i t s . In t h e u p - c o u n t r y w e t z o n e , n i t r a t e l e v e l s 

o f 1 4 0 - 1 9 0 m g / l i t r e in N u w a r a E l i y a h a v e b e e n r e p o r t e d in w e l l w a t e r s b y J a y a k o d y a n d 

N a n d a s e n a . A m a r a s i r i c o n c l u d e s tha t w e l l w a t e r s c o u l d b e c o m e unf i t for h u m a n d r i n k i n g in 

a r e a s w h e r e h i g h l e v e l s o f n i t r o g e n o u s f e r t i l i ze r s a r e a p p l i e d t o t h e so i l . 
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W a t e r D i v i n i n g 

F r o m v e r y e a r l y h i s t o r i c t i m e s , t h e w a t e r d i v i n e r s ' f o r k o r r o d , a n d t h e v a l u e o f w a t e r d i v i n i n g 

h a s b e e n a m a t t e r o f c o n t r o v e r s y . T o d a t e , t h e r e i s v e r y e x t e n s i v e l i t e r a t u r e o n t h e s u b j e c t , 

m o s t o f w h i c h is d e s c r i p t i v e a n d h a s n o t h e l p e d to r e s o l v e t h e rea l i s s u e s . A l l e v i d e n c e to d a l e 

p o i n t s t o t h e e x i s t e n c e o f s o m e s u b t l e p h y s i c a l fo rce a c t i n g o n t h e fork o r r o d t h r o u g h t h e 

h u m a n b o d y . Q u o t i n g Dr . D . N . W a d i a , a f o r m e r D i r e c t o r o f t h e G e o l o g i c a l S u r v e y o f C e y l o n : 

" A q u i t e fair n u m b e r o f i n d i v i d u a l s , w i t h o u t t h e i r k n o w i n g it, p o s s e s s t h i s p o w e r , in a 

g r e a t e r o r l e s s d e g r e e , o f t r a n s m i t t i n g th i s fo rce f rom t h e g r o u n d o v e r w h i c h t h e y s t a n d to t h e 

t w i g o r fork h e l d in t h e i r h a n d s . B u t , f rom a l a r g e n u m b e r o f o b s e r v a t i o n s , t h e r e is n o e v i d e n c e 

to p r o v e t h a t t h e m o v e m e n t s a n d r e a c t i o n s o f t h e d i v i n i n g rod a r e a c t u a t e d b y t h e p r e s e n c e o f 

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

c o n n e c t i n g the v a r i o u s d e f l e c t i o n s o f th is rod o r fork w i t h q u a n t i t y , q u a l i t y , d i r e c t i o n o f f low, o r 

t h e d e p t h o f t h e w a t e r b e l o w t h e s u r f a c e o n w h i c h t h e d e m o n s t r a t i o n is t a k i n g p l a c e . E v i d e n c e 

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

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

c o n t r o l l e d t e s t o r e x p e r i m e n t . " 

" In m y 33 y e a r s e x p e r i e n c e , 1 h a v e c o m e a c r o s s n u m e r o u s u n d e r g r o u n d w a t e r i n v e s t i g a t i o n 

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

v o l u m e o f s u b t e r r a n e a n w a t e r b y m e a n s o f t h e d i v i n i n g rod o r f o r k , w h e r e o t h e r m e a n s f a i l e d . " 

" M y l a t e ch i e f . S i r L e w i s F e r m o r , F R S , D i r e c t o r o f t h e G e o l o g i c a l s u r v e y o f I n d i a , w h o 

d o e s n o t b e l i e v e in finding s t o r e s o f u n d e r g r o u n d w a t e r b y m e a n s o f t h e d i v i n i n g r o d , h a s th i s 

p o w e r h i m s e l f . A n o t h e r n o t e d g e o l o g i s t , A l e x a n d e r D u To i t o f t h e S o u t h A f r i c a n G e o l o g i c a l 

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

h a n d s o v e r c e r t a i n s i t e s , n e v e r t h e l e s s h e h a s c o l l e c t e d a b u n d a n t d a t a t o p r o v e t h a t t h e r o d ' s 

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

" H o w e v e r , e v e n if t h e c l a i m s o f t h e d i v i n e r t o l o c a t e w a t e r c a n n o t b e s u b s t a n t i a t e d , w e 

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

m e a s u r e m e n t o f t h e fo rce a c t u a t i n g the v a r i o u s d o w s i n g i n s t r u m e n t s y e t r e m a i n s to b e m a d e 

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

it s o u g h t o u t b e f o r e s c i e n c e c a n d i s m i s s o r c o n d e m n t h i s p h e n o m e n o n a s ' n o t p r o v e n " . 



Groundwater Conditions in Sri Lanka 27 

References 

1. Dissanayake C. B. and S.V. R. Werasooriya (1985) 
The hydrogeochemical atlas of Sri Lanka, N A R E S A , p. 106 

2. Freeze R. A. and Cherry J. A . (1979) 
Groundwater, P r e n t i c e - H a l l , New Jersey, p . 604 

3. T o d d D . K . (1980) 
Groundwater Hydrology 2 n d edi t ion, John Willey, New York, p . 535 

4. WadiaD.N. (1956) 
The place of wate r d iv in ing in modern sc ience . Extract from the Sir Paul Pieris Commemoration 
Volume, C o l o m b o Apothecar ies , pp . 1 4 0 - 1 4 3 



29 

2 

PAST STUDIES AND INVESTIGATIONS 
CONDUCTED AND REPORTED IN SRI LANKA 

A study in t h i s p u b l i c a t i o n i m p l i e s a n e n q u i r y c o n d u c t e d w i t h a v i e w t o u n d e r s t a n d i n g t h e 

b a s i c r e l a t i o n s h i p s b e t w e e n t h e d i f f e r en t c o m p o n e n t s o f an a q u i f e r . 

A n investigation r e f e r s t o a s t a n d a r d o r r o u t i n e a c t i v i t y c o n d u c t e d in t h e field w i t h a m o r e 
l i m i t e d o b j e c t i v e o f k n o w i n g t h e d e p t h , q u a l i t y a n d y i e l d o f t h e a q u i f e r w i t h a v i e w t o g i v i n g 
a d v i c e t o t h e c l i e n t . 

W h i l e t h e r e s u l t o f a study is u s u a l l y p u b l i s h e d in t h e f o r m o f a p r o f e s s i o n a l p u b l i c a t i o n o r 
j o u r n a l a r t i c l e , t h e findings f rom investigations a r e u s u a l l y r e c o r d e d in t h e l o g b o o k s a n d field 
b o o k s d e p o s i t e d in t h e W . R . B . a n d t h e c o n c l u s i o n s a n d r e c o m m e n d a t i o n s a r e s u b m i t t e d in t h e 
f o r m o f a r e p o r t t o t h e c l i e n t o r a g e n c y c o n c e r n e d . 

Unt i l t h e c o u n t r y g a i n e d i ts i n d e p e n d e n c e in 1 9 4 8 , t h e w a t e r s u p p l y s c h e m e s in t h e c o u n t r y 
w e r e h a n d l e d b y a Water Works Branch o f t h e t h e n P u b l i c W o r k s D e p a r t m e n t ( P W D ) . T h e 
a d v i c e o f t h e G e o l o g i c a l S u r v e y D e p a r t m e n t ( G S D ) w a s o c c a s i o n a l l y o b t a i n e d b u t t h e r e 
w e r e n o s y s t e m a t i c i n v e s t i g a t i o n s c a r r i e d o u t o n a c o n t i n u i n g b a s i s . S i n c e i ts i n c e p t i o n in t h e 
m i d - f o r t i e s , t h e G S D ( e a r l i e r k n o w n a s t h e D e p a r t m e n t o f M i n e r a l o g y ) h a s c a r r i e d o u t s t u d i e s 
in t h e fields o f e n g i n e e r i n g g e o l o g y a n d w a t e r s u p p l y , i n c l u d i n g p u b l i c w a t e r s u p p l i e s a n d 
l o c a t i o n o f w e l l s in m a j o r c o l o n i z a t i o n s c h e m e s in t h e d r y z o n e . It h a s a l s o a d v i s e d a n u m b e r 
o f m a j o r t o w n s s u c h a s P u t t a l a m , M a n n a r , J a f fna , B a t t i c a l o a a n d C h i l a w o n t h e p r o p e r u s e 
a n d s a f e e x p l o i t a t i o n o f g r o u n d w a t e r a q u i f e r s . D u r i n g t h e p e r i o d 1 9 4 5 t o 1 9 5 2 , 5 8 w a t e r 
s u p p l y s c h e m e s w e r e r e f e r r e d to t h e G S D for a d v i c e . T h e G S D c o n t i n u e d i t s w a t e r s u p p l y 
i n v e s t i g a t i o n s fo r m a j o r i n d u s t r i a l e n t e r p r i s e s a n d for e x p a n d i n g t o w n s a n d u r b a n s e t t l e m e n t s 
u p t o t h e la te s i x t i e s , b y w h i c h t i m e t h e D e p a r t m e n t o f W a t e r S u p p l y a n d D r a i n a g e , n o w 
N a t i o n a l W a t e r S u p p l y a n d D r a i n a g e B o a r d ( N W S D B ) t o o k o v e r t h e t o w n s u p p l y 
respons ib i l i t i e s , w h i l e t h e G S D c o n t i n u e d w i t h o t h e r i n v e s t i g a t i o n s . 

P e r i o d P r i o r t o t h e E s t a b l i s h m e n t o f t h e W a t e r R e s o u r c e s B o a r d 

B y 1 9 5 2 C . H. L. S i r i m a n n e o f t h e G S D w a s a b l e t o b r i n g t o g e t h e r t h e m a i n f i n d i n g s f rom all 
p a s t s t u d i e s w h i c h h a d b e e n c o m p l e t e d in t h e c o u n t r y u p t o t h i s p e r i o d . In a l a n d m a r k a d d r e s s 
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g i v e n to t h e C e y l o n A s s o c i a t i o n for t h e A d v a n c e m e n t o f S c i e n c e in 1 9 5 2 u n d e r t h e t i t le 
Geology for Water Supply, h e w a s a b l e t o i den t i fy a n d c h a r a c t e r i z e t h e m a i n t y p e s o f a q u i f e r s 
o c c u r r i n g in t h e c o u n t r y a n d a l s o c o m m e n t o n a s p e c t s o f t h e i r u t i l i z a t i o n . It is t o S i r i m a n n e ' s 
c r e d i t t ha t h e w a s a b l e t o r a i s e t h e s t a t u s o f g r o u n d w a t e r i n v e s t i g a t i o n s in t h e c o u n t r y t o tha t 
o f a s c i en t i f i c a c t i v i t y a n d t h u s set t h e t r a d i t i o n for s c i e n t i f i c s t u d i e s o n t h e g r o u n d w a t e r 
r e s o u r c e s o f th i s c o u n t r y . 

F i v e o t h e r l e s s w e l l k n o w n , b u t e q u a l l y s i g n i f i c a n t p a p e r s p r i o r to S i r i m a n n e ' s 1 9 5 2 p a p e r 
w e r e t h o s e o f T o m a l i n ( 1 9 2 1 ) , Water Supply Investigation in Hambantota district ( 1 9 2 9 ) 
a n d t h r e e p a p e r s b y M a h a d e v a o f t h e W a t e r W o r k s B r a n c h o f t h e P W D in 1 9 3 2 , 1 9 3 3 a n d 
1 9 3 8 . In T o m a l i n ' s p r e s i d e n t i a l a d d r e s s t o t h e E n g i n e e r i n g A s s o c i a t i o n in 1921 t i t l ed 
Underground Water Resources of Ceylon h e d i s c u s s e d in s o m e d e t a i l t h e p r e v a i l i n g u s e o f 
d u n e w a t e r in t h e i s l a n d w h i c h h e c o n s i d e r d a s m o r e w h o l e s o m e t h a n r i v e r w a t e r . 

W i t h t h e a r r i va l in t h e i s l a n d o f e x p e r t s f rom Is rae l in 1 9 6 5 , t h e I r r i g a t i o n D e p a r t m e n t s e t 

up a G r o u n d w a t e r B r a n c h for s y s t e m a t i c d r i l l i n g a n d e x p l o r a t i o n for g r o u n d w a t e r in t h e n o r t h ­

w e s t s e d i m e n t a r y z o n e o f t h e i s l a n d ; a n d d e e p g r o u n d w a t e r w a s r a i s e d for t h e first t i m e in 

th i s c o u n t r y in J u l y 1 9 6 6 . C . H. L. S r i r i m a n n e m o v e d t o th i s G r o u n d w a t e r B r a n c h o f t h e 

I r r i g a t i o n D e p a r t m e n t a n d s e r v e d a s i ts h e a d un t i l h i s u n t i m e l y d e m i s e in 1 9 6 9 . T h e m a i n 

a c t i v i t y o f th i s B r a n c h w a s t h e s y s t e m a t i c d r i l l i n g a n d e x p l o r a t i o n for d e e p g r o u n d w a t e r in t h e 

s e d i m e n t a r y z o n e o f t h e n o r t h w e s t e r n r e g i o n s o f t h e c o u n t r y , w h i c h w a s h i t h e r t o a h i d d e n bu t 

v e r y s i g n i f i c a n t r e s o u r c e in t e r m s o f its q u a n t i t y a n d d i s t r i b u t i o n . 

P e r i o d After E s t a b l i s h m e n t o f W a t e r R e s o u r c e s B o a r d 

W i t h t h e s e t t i n g u p o f t h e n e w ( p r e s e n t ) W a t e r R e s o u r c e s B o a r d ( W R B ) in J a n u a r y , 1 9 7 8 , t h e 
G r o u n d w a t e r B r a n c h o f t h e I r r i g a t i o n D e p a r t m e n t t o g e t h e r w i t h i ts staff, w e r e t r a n s f e r r e d to 
th i s n e w l y s e t u p B o a r d , w h i c h t h e n b e c a m e t h e p e r m a n e n t i n s t i t u t i o n a l h o m e for g r o u n d w a t e r 
s t u d i e s in th i s c o u n t r y . A l o n g s i d e t h e m a n d a t e for g r o u n d w a t e r s t u d i e s b e i n g a s s i g n e d t o t h e 
W R B , t h e l a r g e r N W S D B a l s o c a r r i e s o u t s p e c i a l i n v e s t i g a t i o n s for i ts s p e c i f i c n e e d s w h i c h 
a r e m o r e f o c u s e d o n t o w n a n d c o u n t r y w a t e r s u p p l y . M a n y o f t h e s e a r e a s s i g n e d t o p r i v a t e 
s e c t o r c o n s u l t a n c y firms a n d o t h e r d o n o r a id a g e n c i e s . 

F r o m t h e t i m e t h e W R B w a s a s s i g n e d t h e m a n d a t e for g r o u n d w a t e r s t u d i e s in th i s c o u n t r y , 
it h a s b e e n e n g a g e d in s e v e r a l s t u d i e s a n d i n v e s t i g a t i o n s . In t h e m a i n , t h e s e i n c l u d e ( a ) 
c h a r a c t e r i z a t i o n a n d m a p p i n g o f t h e s e m i - c o n f i n e d a q u i f e r s in t h e N o r t h - W e s t s e d i m e n t a r y 
f o r m a t i o n s ; (b ) d e t a i l e d s t u d y a n d c h a r a c t e r i z a t i o n o f t h e K a r s t i c a q u i f e r o f t h e Ja f fna p e n i n s u l a 
t o g e t h e r w i t h i ts w a t e r b a l a n c e a n d w a t e r q u a l i t y t r e n d s ; ( c ) m a p p i n g o f s o m e a l l u v i a l a n d 
c o a s t a l p l a in a q u i f e r s ; a n d (d ) p r o d u c t i o n o f h y d r o g e o l o g i c a l a n d g r o u n d w a t e r m a p s for n e w 
d e v e l o p m e n t p r o j e c t a r e a s . 

I n v e s t i g a t i o n s c a r r i e d o u t b y t h e W R B f r o m 1 9 8 0 to 1 9 9 5 for t h e I n t e g r a t e d R u r a l 
D e v e l o p m e n t P r o j e c t s ( I R D P ) f u n d e d b y W o r l d B a n k for t h e K u r u n e g a l a , P u t t a l a m , 
H a m b a n t o t a a n d M o n e r a g a l a d i s t r i c t s , c o v e r e d m a i n l y , t h e i n l a n d h a r d r o c k a r e a s o f t h e 
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a b o v e d i s t r i c t s , a s w e l l a s t h e d r i l l i n g a n d in s t a l l a t i on o f o v e r 1,500 t u b e w e l l s w i t h i n t h e se t t l ed 

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

a r e r e p o s i t e d w i t h i n t h e l i b ra ry c o l l e c t i o n o f t h e W R B a n d s e r v e a s sc i en t i f i c r e f e r e n c e m a t e r i a l . 

In 1 9 7 4 , S. A r u m u g a m , w h o w a s t h e n a s e n i o r m e m b e r o f t h e f o r m e r W R B , w h i c h w a s 

m a i n l y an a d v i s o r y b o d y , c o m p i l e d a p u b l i c a t i o n t i t l ed Studies on Groundwater in Sri Lanka 

- a s t h e C . H. L. S i r i m a n n e M e m o r i a l V o l u m e . H e b r o u g h t t o g e t h e r t e n k e y s e l e c t e d s c i en t i f i c 

p a p e r s , p u b l i s h e d u p t o tha t d a t e , b y r e c o g n i z e d s p e c i a l i s t s in t h i s field in t h i s c o u n t r y . T h e s e 

10 s e l e c t e d p a p e r s s p a n n e d t h e p e r i o d 1921 to 1 9 6 7 . T h e t i t l e s a n d a u t h o r s o f t h e s e p a p e r s 

a r e g i v e n in A p p e n d i x I ( a ) . T h i s p u b l i c a t i o n a l so i n c l u d e s S i r i m a n n e ' s l a n d m a r k p u b l i c a t i o n o f 

1 9 5 2 , a s w e l l a s a s t r a t e g i c p r o g r a m m e for t h e e x p l o r a t i o n a n d d e v e l o p m e n t o f g r o u n d w a t e r 

in C e y l o n p r o p o s e d b y J o h n . W. F r i n k o f t h e t h e n U S O M , in O c t o b e r 1 9 5 8 . T h i s m o d e s t 

V o l u m e o f 10 p a p e r s s e r v e s a s an e x c e l l e n t g u i d e t o a n y r e a d e r i n t e r e s t e d in u n d e r t a k i n g a 

s e r i o u s s t u d y o f g r o u n d w a t e r c o n d i t i o n s in th i s c o u n t r y . S o m e s e l e c t e d i t e m s o f b i b l i o g r a p h y 

f rom t h e S i r i m a n n e p u b l i c a t i o n o f 1 9 5 2 a r e a l s o i n c l u d e d in A p p e n d i x 1 ( b ) a s t h e s e w o u l d 

h e l p to b r i n g o u t t h e s t a t e - o f - t h e - a r t k n o w l e d g e at t ha t t i m e . 

P r e p a r a t i o n o f a B i b l i o g r a p h y o f G r o u n d w a t e r S t u d i e s b y W a t e r 
R e s o u r c e s B o a r d 

R e c o g n i z i n g t h e n e e d for an u p d a t e d b i b l i o g r a p h y o n g r o u n d w a t e r s t u d i e s c a r r i e d o u t in th i s 

c o u n t r y u p t o t h e e n d o f 2 0 0 0 , t h e W R B c o m p i l e d a b i b l i o g r a p h y o f a t o t a l o f 3 2 7 a v a i l a b l e 

p u b l i s h e d p a p e r s o n g r o u n d w a t e r r e s o u r c e s o f t h e c o u n t r y , s p a n n i n g t h e p e r i o d 1 9 5 0 to 1 9 9 9 . 

In h i s p r e f a c e t o t h i s b i b l i o g r a p h y , t h e t h e n C h a i r m a n o f t h e W R B , K. Y o g a n a t h a n s t a t e s " a 

c o n s i d e r a b l e a m o u n t o f i n f o r m a t i o n o n t h i s r e s o u r c e is n o w a v a i l a b l e in v a r i o u s p u b l i c a t i o n s 

a n d r e p o r t s . It is felt t ha t t h e r e is a n e e d for a b i b l i o g r a p h y o n g r o u n d w a t e r p u b l i c a t i o n s i n c e 

th i s w o u l d b e v e r y use fu l for g r o u n d w a t e r s e c t o r s p e c i a l i s t s , s c i e n t i s t s , p o l i c y m a k e r s a s w e l l 

a s w a t e r r e s o u r c e s m a n a g e r s , w a t e r r e s o u r c e s u s e r s a n d o t h e r s c o n c e r n e d . W i t h th i s in 

m i n d , t h e W a t e r R e s o u r c e s B o a r d d e c i d e d o n t h e c o m p i l a t i o n a n d p u b l i c a t i o n o f t h i s 

b i b l i o g r a p h y " . 

A s a first s t e p in t h e p r e p a r a t i o n o f th i s b i b l i o g r a p h y all a v a i l a b l e p u b l i s h e d l i t e r a t u r e o n 

g r o u n d w a t e r r e s o u r c e s o f t h e c o u n t r y s p a n n i n g the p e r i o d 1 9 5 0 to 1 9 9 9 w e r e in i t i a l ly e x a m i n e d 

for t h e i r r e l e v a n c e a n d u s e f u l n e s s . T h e to ta l n u m b e r o f p u b l i c a t i o n s p e r u s e d in r e s p e c t o f t h e 

ten i n s t i t u t i o n s w h e r e s u c h d o c u m e n t a t i o n h a d b e e n r e p o s i t e d , w a s a s f o l l o w s : 
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Institution Total number of 

Publications available 

1. Water Resources Board ( W R B ) 121 

2. National Water Supply & Drainage Board(N W S D B ) 72 

3. Geologica l Su rvey and Mines Bureau ( G S M B ) 53 

4. Dept. of Geology . Universi ty of Peradeniya (DG.UP) 30 

5. Central Environmenta l Author i ty(CEA) in W R B Library 14 

6. International Irrigation M a n a g e m e n t Institute (1IMI)- 11 

Selected titles 

7. Dry Zone Research Inst., Malia l l luppal lama (DZR1,M1) 09 

8. Nat ional Science Foundat ion (NSF) of Sri Lanka 07 

9. Irrigation Depar tment (ID) 06 

10. Insti tute of Fundamenta l Studies (IFS) in W R B Library 04 

3 2 7 

T h e 3 2 7 p u b l i c a t i o n s a b o v e a r e in t h e f o r m o f s p e c i f i c r e p o r t s b a s e d o n field s t u d i e s a n d 
r e l a t e d s c i e n t i f i c i n v e s t i g a t i o n s , r e p o r t s b a s e d o n s e c o n d a r y d a t a , w a t e r q u a l i t y r e p o r t s , a g r o 
a n d t u b e w e l l i n v e s t i g a t i o n s , k e y n o t e a n d s i m i l a r a d d r e s s e s , s c i e n t i f i c j o u r n a l a r t i c l e s , a n d a 
f e w r e v i e w a r t i c l e s . 

O f t h e s e 3 2 7 p u b l i c a t i o n s , a g r e a t e r m a j o r i t y ( 2 3 3 ) , fall w i t h i n t h e c a t e g o r y o f findings o f 
g r o u n d w a t e r i n v e s t i g a t i o n s a n d e x p l o r a t i o n s , a n d 7 6 fall w i t h i n t h e c a t e g o r y o f g r o u n d w a t e r 
q u a l i t y a n d g r o u n d w a t e r p o l l u t i o n s t u d i e s . T h e r e a r e o n l y a to ta l o f 18 p u b l i c a t i o n s d e a l i n g 
w i t h g r o u n d w a t e r a q u i f e r p r o p e r t i e s a n d t h e i r b o u n d a r i e s . O f t h e s e 18 p u b l i c a t i o n s t h e r e a r e 
14 r e p o s i t e d w i t h t h e W R B , a n d f o u r r e p o s i t e d w i t h t h e N W S D B . T h i s in i t s e l f i n d i c a t e s t h e 
p a u c i t y o f p r o p e r d o c u m e n t e d i n f o r m a t i o n in r e s p e c t o f a q u i f e r b o u n d a r i e s in t h i s c o u n t r y . 

A s t h e s e c o n d l o g i c a l s t e p in t h i s s t u d y , t h e a v a i l a b l e g r o u n d w a t e r e x p l o r a t i o n field 
i n v e s t i g a t i o n r e c o r d s t h a t w e r e in t h e c o l l e c t i o n a n d s t o r a g e o f t h e W R B o v e r a p e r i o d o f 3 0 
y e a r s , a n d w h i c h w e r e r e p r e s e n t a t i v e o f e a c h o f t h e s e v e n m a i n g r o u n d w a t e r s y s t e m s p r e s e n t 
in th i s c o u n t r y , w e r e e x a m i n e d to a s c e r t a i n t h e e x t e n t to w h i c h a q u i f e r b o u n d a r i e s a s s u c h 
h a d b e e n i d e n t i f i e d a n d d e m a r c a t e d . It w a s , h o w e v e r , finally o b s e r v e d t h a t m o s t s u c h field 
s t u d i e s w e r e m a i n l y c o n f i n e d to d r i l l i n g b o r e s a n d p u m p i n g t e s t s for y i e l d r a t e s o f g r o u n d w a t e r . 
In t h e c a s e o f t h e s e l a t t e r a q u i f e r s , o n l y a q u a l i t a t i v e p i c t u r e c o u l d b e d e p i c t e d w i t h t h e 
a v a i l a b l e i n f o r m a t i o n . 

D a t a b a s e o f S t a t e A g e n c i e s - W R B a n d N W S & D B 

A t p r e s e n t , t h e r e a r e t w o s t a t e o r g a n i z a t i o n s , n a m e l y t h e W R B a n d N W S D B tha t a r e i n v o l v e d 

in g r o u n d w a t e r s t u d i e s , i n v e s t i g a t i o n s a n d p r e p a r a t i o n o f c o n s u l t a n c y r e p o r t s . F o r o v e r t h e 
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p a s t 3 0 y e a r s , a f e w p r i v a t e d r i l l i n g c o m p a n i e s a n d d o n o r f u n d e d p r o j e c t s s u c h a s D A N 1 D A , 
F I N I D A a n d G T Z h a v e , in r e c e n t y e a r s , a l s o b e e n e n g a g e d in t h e i n v e s t i g a t i o n a n d p r e p a r a t i o n 
o f c o n s u l t a n c y r e p o r t s p e r t a i n i n g t o g r o u n d w a t e r . 

T h e s e o r g a n i z a t i o n s c o l l e c t d a t a , p r i m a r i l y for t h e i r o w n u s e a s w e l l a s fo r s o m e s h a r i n g 
d a t a w i t h o t h e r a g e n c i e s . T h e W R B a n d N W S D B a r e t h e m a i n i n s t i t u t i o n s in Sri L a n k a 
e n g a g e d in t h e c o l l e c t i o n o f t u b e w e l l a n d w a t e r q u a l i t y d a t a . T h e s e d a t a a r e c o l l e c t e d a n d 
s t o r e d in t h e i r o w n d a t a b a s e s . T h e s e d a t a b a s e s r e p r e s e n t m o r e t h a n 3 0 y e a r s o f c o l l e c t i o n 
e f for t , a n d t h e y c o n t a i n i n f o r m a t i o n for m o r e t h a n 3 0 , 0 0 0 w e l l s i t e s , i n c l u d i n g d a t a o n t u b e 
w e l l s , w a t e r a n d w a t e r q u a l i t y . D i s t r i b u t i o n o f w e l l s i t e s h a v i n g g e o g r a p h i c a l c o - o r d i n a t e s 
f rom t h e W R B d a t a b a s e , is s h o w n in F i g u r e 2 . 1 . T h i s d o e s n o t r e p r e s e n t al l t u b e w e l l s i t e s 
e x i s t i n g in Sri L a n k a , b e c a u s e w e l l s c o n s t r u c t e d b y the N W S D B , p r i v a t e d r i l l i n g o r g a n i z a t i o n s 
a n d o v e r s e a s p r o j e c t s h a v e n o t b e e n i n c l u d e d in th i s m a p . T h e d a t a m e n t i o n e d a b o v e h a s 
b e e n c o l l e c t e d a n d e n t e r e d , for a w i d e v a r i e t y o f p r o j e c t s a n d p u r p o s e s , o v e r a l o n g p e r i o d o f 
t i m e a n d t h e r e s u l t i n g d a t a b a s e s v a r y in q u a l i t y a n d d e t a i l . T h e t a b l e s h o w n in A p p e n d i x 2 
g i v e s t h e n u m b e r o f t u b e w e l l s c o n s t r u c t e d b y t h e W R B a n d N W S D B in t h e r e s p e c t i v e 
d i s t r i c t s o f Sri L a n k a . 

T h e m a t i c P a p e r s o n G r o u n d w a t e r 

T h e first p u b l i s h e d Journal of the Geological Society of Sri Lanka c o n t a i n s a s e t o f s e v e n 
T h e m a t i c P a p e r s o n G r o u n d w a t e r in Sri L a n k a . T h e s e s e v e n p a p e r s r e p r e s e n t t h e m o r e 
i m p o r t a n t p a p e r s p r e s e n t e d at t h e Symposium on Groundwater in Sri Lanka h e l d at t h e 
F o u r t h A n n u a l S e s s i o n s o f t h e G e o l o g i c a l S o c i e t y o f Sri L a n k a f rom 2 9 to 31 J a n u a r y 1 9 8 8 . 

T h e a u t h o r s a n d t i t l e s o f t h e s e s e v e n ' T h e m a t i c P a p e r s o n G r o u n d w a t e r in Sri L a n k a ' a s t h e y 
a p p e a r in t h e c o n t e n t s o f t h e J o u r n a l is g i v e n b e l o w : 

1. Davics & R. H e r b e r t ; The hydrogco logy o f t h e Miocene Sed imen ta ry Bell o f Sri Lanka. 
2. R. Herber t , D. K. Ball , I . C . P. Rodr igo & E. P. W r i g h t : The regoli th aquifer of hard-rock 

areas and its exploi ta t ion with part icular reference to Sri Lanka . 
3. N. Kula tunga : Hydrogeo logy of a metamorph ic terrain - a case s tudy from Hambanto ta . 

Sri Laanka. 
4. C. B. Dissanayake : Nitrates in the groundwater in Sri Lanka - implications for communi ty 

heal th. 
5. A. R. Lawrence , P. J. Chil ton and D. S. P. Kuruppuarachch i : Review of the pollution threat 

lo g roundwa te r in Sri Lanka. 
6. A. D. N. Fernando : Use of remote sens ing for es t imat ing the g ro u n d w a t e r potential of 

Sri Lanka. 
7. A. I. K. Adikar i & H.A. Dha rmagunawardhane : A low-cost def luor idat ion method for 

rural wate r suppl ies . 

S i n c e t h e s e s e v e n p a p e r s r e f l ec t ' s t a t e - o f - t h e - a r t ' k n o w l e d g e o n g r o u n d w a t e r d u r i n g tha t 

p e r i o d , it w a s c o n s i d e r e d i m p o r t a n t to r e p r o d u c e the ' A b s t r a c t s ' a c c o m p a n y i n g e a c h o f t h e s e 

p a p e r s u n d e r t h e r e f e r e n c e s e c t i o n o f th i s C h a p t e r . 
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Figure 2.1 Distribution of tube wells 
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G r o u n d w a t e r M a p s o f Sr i L a n k a 

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

r e g i o n s o f Sr i L a n k a w a s t h a t o f A . D . N . F e r n a n d o , 1 9 6 8 . It s h o w s t h r e e g r o u n d w a t e r z o n e s 

for t h e s e d i m e n t a r y f o r m a t i o n a n d four z o n e s for t h e c r y s t a l l i n e c o m p l e x . F i g u r e 2 . 2 s h o w s 

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

c r y s t a l l i n e c o m p l e x . 

F i g u r e 2 : 2 G r o u n d w a t e r zones (afterA. D. N. Fernando, 1968) 

T h e first h y d r o g e o l o g i c a l m a p o f Sr i L a n k a w h i c h s h o w s t h e p r i n c i p a l w a t e r b e a r i n g 
f o r m a t i o n s o f t h e i s l a n d w a s b y M . W . P. W i j e s i n g h e ( 1 9 7 2 ) a n d is s h o w n in F i g u r e 2 . 3 . T h i s 
m a p d e p i c t s t h e m a i n w a t e r b e a r i n g f o r m a t i o n s i d e n t i f i e d t o d a t e in t h e c o u n t r y . T h e y fall 
n a t u r a l l y i n t o t w o m a i n g r o u p s , n a m e l y ( a ) t h e c r y s t a l l i n e r o c k s a n d t h e i r w e a t h e r e d p r o d u c t s 
a n d ( b ) t h e s e d i m e n t a r y f o r m a t i o n s . A fu r the r s u b d i v i s i o n c a n b e m a d e o n t h e b a s i s o f c l i m a t e 
i n t o t h o s e o f t h e w e t z o n e ( s o u t h w e s t s e c t o r ) a n d t h o s e in t h e d r y z o n e in t h e r e s t o f t h e 
is land. 



Figure 2 .3 Hydrogeological map of Sri Lanka (after M.W.P. Wijesinghe, 1973) 
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In t h e N a t i o n a l A t l a s o f Sri L a n k a ( 1 9 8 8 ) , a g r o u n d w a t e r m a p ( s c a l e 1 : 1 , 0 0 0 , 0 0 0 ) t o g e t h e r 
w i t h a n e x p l a n a t o r y t ex t b y A . G. N . W i j e s e k e r a is s h o w n o n p a g e s 4 0 a n d 41 o f t h e A t l a s . In 
t h e l e g e n d , t h e f o l l o w i n g m a p u n i t s a r e s h o w n . T h e s e a r e r e f e r r e d to a s ' H y d r o g e o l o g i c a l 
F e a t u r e s ' in t h e s a m e l e g e n d . 

M a p U n i t I 
M a p U n i t 2 
M a p U n i t 3 
M a p U n i t 4 
M a p U n i t 5 

L o c a l o r d i s c o n t i n u o u s p r o d u c t i v e a q u i f e r in i n t e r g r a n u l a r r o c k . 
E x t e n s i v e a n d h i g h l y p r o d u c t i v e a q u i f e r 
L o c a l o r d i s c o n t i n u o u s p r o d u c t i v e a q u i f e r in f i s s u r e d r o c k . 
L o c a l o r d i s c o n t i n u o u s m o d e r a t e t o l o w a q u i f e r in f r a c t u r e d r o c k . 
R o c k w i t h l o c a l a n d l i m i t e d g r o u n d w a t e r r e s o u r c e s . 

In a d d i t i o n , t h e m a p a n d l e g e n d s s h o w t h e d i r e c t i o n o f g r o u n d w a t e r f l o w a n d t h e l i m i t s o f 
t h e l i m e s t o n e b e l t f r o m t h e s e a c o a s t . T h e l o c a t i o n o f s p r i n g s t o g e t h e r w i t h g r o u n d w a t e r 
b a s i n b o u n d a r i e s a r e a l s o s h o w n in t h i s m a p o f s c a l e 1 : 1 , 0 0 0 , 0 0 0 . 

H a p u g a s k u m b u r a ' s , g r o u n d w a t e r m a p p r o p e r o f Sri L a n k a p u b l i s h e d in A r j u n a ' s A t l a s o f 

1997 , c o n t a i n s t h e m o s t u p t o d a t e i n fo rma t ion that c o u l d b e i n c l u d e d in a m a p o f sca le 1 :1 ,650,000 

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

R e c e n t P u b l i c a t i o n s 

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

m a d e o f t w o s y m p o s i a h e l d in 1 9 9 7 a n d 2 0 0 2 r e s p e c t i v e l y . T h e f i rs t , h e l d o n 2 D e c e m b e r 

1 9 9 7 o n Groundwater Utilization for Crop Production in the Dry Zone of Sri Lanka a n d 
t h e s e c o n d , h e l d o n 3 0 S e p t e m b e r 2 0 0 2 o n Use of Groundwater for Agriculture in Sri 

Lanka c o n t a i n t h e m o s t r e c e n t k n o w l e d g e a n d u n d e r s t a n d i n g s o f t h e n a t u r e a n d b e h a v i o u r o f 

the g r o u n d w a t e r t y p e s p r e s e n t in t h e d r y z o n e o f th i s c o u n t r y a n d t h e i r p r o p e r u t i l i z a t i o n . In 

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

c o n t e n t s a s w e l l a s t h e p o l i c y g u i d e l i n e s fo r g r o u n d w a t e r u s e a n d e x t r a c t i o n o u t l i n e d in t h e s e 

t w o s y m p o s i a a r e r e p r o d u c e d in A p p e n d i x 3 (a ) a n d (b ) r e s p e c t i v e l y . 

M a n c h a n a y a k e a n d M a d d u m a B a n d a r a ( 1 9 9 9 ) , in t h e i r p u b l i c a t i o n t i t l ed Water Resources 

of Sri Lanka, h a v e a s u b - c h a p t e r o f four p a g e s o n g r o u n d w a t e r r e s o u r c e s . T h e y r e p o r t t h a t 

t h e to ta l g r o u n d w a t e r a v a i l a b i l i t y in t h e c o u n t r y is e s t i m a t e d a t a r o u n d 7 2 5 0 m i l l i o n c u b i c 

m e t r e s ( m e m ) p e r y e a r ( F e r n a n d o , 1 9 8 5 ) . T h i s is a r o u n d 15 p e r c e n t o f t h e c o u n t r y ' s w a t e r 

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

U n d e r t h e a u s p i c e s o f t h e W o r l d W a t e r A s s e s s m e n t P r o g r a m m e ( W W A P ) s u p p o r t e d b y 

U N E S C O , a p r e p a r a t o r y W o r k s h o p w a s h e l d in O c t o b e r 2 0 0 4 o n t h e N a t u r e o f Sri L a n k a ' s 

W a t e r R e s o u r c e s a n d I ts D e m a n d s a n d M a n a g e m e n t C h a l l e n g e s . T h e p r e s e n t s t a t u s o f t h e 

g r o u n d w a t e r r e s o u r c e s w a s p r e s e n t e d b y C . R. P a n a b o k k e a n d L a s a n t h a P e r e r a , a n d 

g r o u n d w a t e r a n d e c o s y s t e m s b y R. N . K a r u n a r a t n e , G e n e r a l M a n a g e r , W R B . A l s o , in p r e s s 

is t h e la tes t v e r s i o n o f t h e N a t i o n a l A t l a s o f Sri L a n k a to b e p u b l i s h e d b y t h e S u r v e y D e p a r t m e n t 

in w h i c h t h e c h a p t e r o n g r o u n d w a t e r is w r i t t e n b y R. N . K a r u n a r a t n e o f t h e W R B . 
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A 2 8 p a g e p u b l i c a t i o n t i t l ed "Groundwater Resources of Sri Lanka " b y C . R. P a n a b o k k e 

a n d L a s a n t h a P e r e r a w a s p u b l i s h e d b y t h e W a t e r R e s o u r c e s B o a r d in J a n u a r y 2 0 0 5 . 

I ts c h a p t e r c o n t e n t is a s f o l l o w s : 

Chap te r No . Chap te r title P a n e s 

1 G r o u n d w a t e r Types in Relat ion to Physical Fea tures 1-10 
2. G r o u n d w a t e r Resources-Variat ion in T ime and Space 1 1-13 
3. H u m a n Impac ts on Groundwa te r Resources 1 4 - 1 6 
4. Data and Information on Groundwa te r Resources 17-21 
5. Present G r o u n d w a t e r Uses and Needs 2 1 - 2 4 

6. Future Needs 2 5 - 2 9 

A b s t r a c t s o f T h e m a t i c P a p e r s 

1. The hydrogeology of the Miocene Sedimentary Belt of Sri Lanka 

J. Davies and R. Herbert 
British Geological Survey, Hydrogeology Group, Wallingford, U.K. 

A study ofthe aquifers ofthe Miocene Sedimentary Belt of north-western Sri Lanka has revealed ihc presence of 
the major source of potable groundwater within the island. 

The large volume of hydrogeological and related data, collected during a iwcnty-year period of investigation and 
development of groundwater resources, was used as the basis of the compilation of a scries of geological and 
hydrogeological reconnaissance maps of the component parts ofthe Belt. 

The reconnaissance mapping highlighted the existence of two contemporaneous areas of sedimentation within 
the Belt during the post-Jurassic period. Predominantly arenaceous sediments were deposited adjacent to an upfaultcd 
area in the north-eastern sector, whereas shallow, marine carbonates were deposited along the margin of a subsiding 
trough in the north-western part ofthe Bell. These different modes of sediment deposition and hence aquifer type 
are explained by possible tectonic controls. 

The economic benefits of groundwater resource development have been proved in several areas within the Bell. 
Reconnaissance hydrogeological mapping indicates the presence of significant, still undeveloped, groundwater resources 
within the Miocene aquifer system. If the economy of the country is to benefit fully from the development of this 
valuable natural resource, a programme of detailed investigation must be undertaken so that the full development 
potential of the resource can be realized. 

2. The regollth aquifer of hard-rock areas and its exploitation with particular reference to Sri Lanka 

R. Herbert, O.K. Ball 

British Geological Survey, Hydrogeology Group. Wallingford, U.K. 

I.C.P. Rodrigo 
Water Resources Board, Gregory's Avenue, Colombo 7. 
and 
E.P. Wright 
Consultant Hydrogeologist, Aston Tlrrold, Oxfordshire. U.K. 

The British Geological Survey and the Water Resources Board have been studying aspects of the hydrogeology of 
the shallow-weathered zone of the hard-rock areas of Sri Lanka for the last five years. The key findings include the 
following: 

There is a water-table at the rcgolith-hard rock interface over most of Sri Lanka. 
•The most permeable zone is in the top of the interface, in the Sap Rock, 
Even during long droughts, low points on the interface retain exploitable water. 
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Drilling rigs have been designed which can drill out horizontal screens Tram dug wells, converting them into 
collector wells. About twenty collector wells have been constructed to date in Sri Lanka, Malawi and Zimbabwe. 
Those collector wells have yields about three times the dug well, are more economical and will give sustained yields 
throughout the dry season. The safe yields calculated, assuming there may be a 3-6 month dry period, were largely 
in the range 1.4 litres per second. 

3. Hydrology of a metamorphic terrain : a case study from Hambantota, Sri Lanka 

N. KulalungD 
Water Resources Board, Gregory 's Avenue, Colombo 07. 

An attempt is made to understand the hydrogeological characteristics of a metamorphic terrain in the district of 
Hambantota. The rocks are massive and there is no intergranular porosity, but a secondary porosity has been created 
by the processes of weathering and facturing which depend mainly on geology, tectonics and meterological factors. 
The vertical and lateral inhomogencity of the subsurface is inevitable. Different stages of weathering and degree of 
fracturing arc important in determining aquifer properties. A moderately weathered zone and / or fractured zone 
make up an aquifer, providing that they are in hydraulic continuity with a recharging zone either vertically or 
laterally. The weathered and fractured zones together may form a hydrautically continuous water-table aquifer. On 
the other hand, any individual fractured zone may not necessarily be in direct vertical hydraulic continuity with the 
surface and the potentiometric surface may lie well above the fractured zone; that can, therefore, be considered as 
confined at that point. Transmissivity is very low where there is poor development of fractured / weathered zones. 

The groundwater chemistry of this hydrogeological regime reflects the importance of the local groundwater 
movement, but regionally the groundwater shows a smooth flow from higher potential areas inland to lower potential 
coastal areas. There are pockets of good quality groundwater within the general bad quality areas, and vice versa. The 
electrical conductivity of groundwater has more or less the same pattern as the distribution of chloride. More 
hydrogeological studies should be carried out to determine the origin of high fluoride which has made the occurrence 
of groundwater more complex. 

4. Nitrates In the groundwater in Sri Lanka - implications for community health 

C.B. Dlssanayakc 
Department of Geology, University of Peradeniya, Peradeniya 

Pollution of groundwater by nitrates is receiving increasing attention in Sri Lanka in view of the fact that 
nitrogenous fertilizers as well as human waste matter from septic tanks enter the groundwater. A survey of nitrates in 
the groundwater of Sri Lanka has shown that nitrates tend to accumulate in groundwater in regions of high population 
density. The Wet Zone of Sri Lanka has higher nitrate levels, possibly due to the shallow water-table into which 
nitrates percolate easily from the surface. It has also been revealed from tracer experiments that there is a risk to 
groundwater supplies from pit latrine soakaways in Sri Lanka. Nitrates which could be converted into carcinogenic 
substances such as nitrosamines within the body are of importance in the incidence of oesophageal cancer in Sri 
Lanka. 

5. Review of the pollution threat to groundwater in Sri Lanka 

A. R. Lawrence, P. J. Chilton 
Hydrogeology Group, British Geological Survey, Wallingford, United Kingdom, 
and 
D. S. Kuruppuarachchi 
Department of Agricul ture . Peradeniya 

Groundwater is an important source oT potable water in Sri Lanka. However, little attention has been given to the 
pollution risk to the supplies despite the increasing threat posed by both modern intensive agriculture and the disposal 
to ground of industrial and domestic wastes. This paper attempts to review the vulnerability to pollution ofthe 
coastal sand, limestone and crystalline basement aquifers of Sri Lanka and the activities likely to generate contaminants. 

Monitoring of groundwater quality has shown that some aquifers in Sri Lanka are already contaminated by agro-
chemicals leached from intensively cultivated soils and by domestic wastes discharged via pit-latrine soakaways. 
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6. Use of remote sensing methods for estimating the groundwater potential of Sri I. auk a 
A. Denis N. Fernando 
Ministry of Mahawcli Development, 500, T.B. Jayah Mawntha, Colombo 10. 

The groundwater potential or safe yield was determined first by delineating the hydrogeology using remote-
sensing methods. Thereafter these hydrogeological units were subject to their rainfall/infiltration relationships to 
determine the mean annual gross groundwater i nil Urn lion. Losses due to evapotranspiration and subsurface flow were 
estimated and deducted from the gross groundwater infiltration to determine the nctl groundwater recharge or safe 
yield, which is ihe annual groundwater potential. 

Satellite images are suitable for reconnaissance-level mapping whereas aerial photographs are suited for boih 
reconnaissance as well as scmi-deiailed mapping. In any development planning exercise, detailed surveys should be 
preceded by semi-detailed mapping. 

The I" Approximation of the groundwater potential of Sri Lanka that was determined in 1973 was a very 
conservative estimate of 5.9 million acrc-fcel per annum, using reconnaissance-level hydrogeology maps. The 2M 

Approximation, using semi-detailed hydrogeological maps was determined in 1983, and gave a safe yield of 10 
million acre-feet per annum; this included not only the natural recharge through rainfall, but also recharge form 
artificial means such as irrigation issues, and this 2 n d Approximation is a more realistic figure. 

7. A note on a low-cost defluoridation method for rural water supplies 

A.L.K. Adlkari and II.A. Dharmagunawardhane 
Kampsax - Kruger, 532/8, Siebel Place, Kandy 

It has been observed by many geoscicntists that the mineral serpentine (magnesium hydroxy! silicate) has the 
remarkable property of removing fluoride in water. In the areas of high fluoride (in groundwater) in the Mutate and 
Polonnaruwa districts, the tube wells drilled in marble and granulitc contain very low fluoride concentrations. This 
appears to be due to a fluoride-uptaking property in these rock types. Based on these results, a sample of marble 
containing serpentine was introduced in a UNICEF-type iron-removal plant and installed in a lube well with high 
fluoride. 

In the filtered water samples from the plant, an increase of pH, electrical conductivity and alkalinity and a 
remarkable decrease in fluoride concentration were observed. It was also noted that the final concentration of 
fluoride varied with the flow rale and the contact lime of the water with the serpentine marble. Willi ihe aim of 
further development of the plant and implementing it on village level, investigations arc now in progress. 
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3 
GEOMORPHIC SETTING AND GENERAL 
DISTRIBUTION OF THE MAIN AQUIFER TYPES 

T h i s C h a p t e r d i s c u s s e s t h e g e o m o r p h i c s e t t i n g a n d t h e p a t t e r n o f d i s t r i b u t i o n o f t h e m a i n 

a q u i f e r t y p e s f o u n d w i t h i n t h e c o u n t r y . A l l s ix t y p e s o f a q u i f e r s i d e n t i f i e d a n d s t u d i e d t o d a t e , 

wil l b e c o n s i d e r e d in t h e c o n t e x t o f t h e i r p o s i t i o n in t h e l a n d s c a p e , a n d t h e i r g e o g r a p h i c s p r e a d 

a c r o s s t h e c o u n t r y . 

In t h e s u b s e q u e n t C h a p t e r s 4 t o 9 , t h e n a t u r e a n d b e h a v i o u r o f t h e i n d i v i d u a l a q u i f e r s , a s 

w e l l a s t h e i r p r e s e n t s t a t e o f u t i l i z a t i o n , wi l l b e d i s c u s s e d in t h e c o n t e x t o f r e p o r t e d s t u d i e s 

c a r r i e d o u t o n t h e m to d a t e . 

S o m e B a s i c C o n s i d e r a t i o n s 

It is n o w r e c o g n i z e d t h a t t h e m o r e r e w a r d i n g a p p r o a c h t o t h e s t u d y o f t h e v a r i o u s a q u i f e r 

t y p e s in this c o u n t r y , is f rom t h e s t a n d p o i n t o f the i r g e o m o r p h i c s e t t i ng in t h e r e g i o n a l l a n d s c a p e s , 

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

g r o u n d w a t e r in t h i s c o u n t r y , C . H. L. S i r i m a n n e w a s a b l e t o c l e a r l y b r i n g o u t t h e o v e r a l l 

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

to t h e o v e r a l l h y d r o l o g y o f t h e l a n d s c a p e s . 

A r o u n d t h e s a m e t i m e , it w a s a p p o s i t e tha t t h e N a t i o n a l So i l S u r v e y o f C e y l o n , w h i c h 

c o m m e n c e d in 1 9 6 0 , h a d f r o m i ts c o m m e n c e m e n t , g i v e n s p e c i a l e m p h a s i s t o t h e s t u d y o f t h e 

so i l in t h e l a n d s c a p e . T h i s w a s b e s t e x e m p l i f i e d in its g r o u n d b r e a k i n g s t u d y o f t h e l a n d f o r m s 

a n d s o i l s o f t h e a r e a b e t w e e n t h e M a l w a t h u O y a a n d K e l a n i G a n g a r i v e r b a s i n s , an a r e a o f 

a p p r o x i m a t e l y 1 9 , 5 0 0 k m 2 . T h i s s t u d y w a s ca r r i ed o u t in c o l l a b o r a t i o n w i t h t h e H u n t i n g S u r v e y 

C o r p o r a t i o n o f C a n a d a , a s a C o l o m b o P l a n a s s i s t e d p r o j e c t . T h e m a i n l a n d f o r m s t o g e t h e r 

w i t h t h e soil catena w e r e t h e b a s i c m a p p i n g u n i t s e m p l o y e d in th i s s t u d y . T h i s m a d e it p o s s i b l e 

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

e a c h o f t h e soi l m a p p i n g u n i t s . A to ta l o f 17 so i l c a t e n a s w e r e i d e n t i f i e d a n d m a p p e d at a s c a l e 
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o f 1 : 6 3 , 3 6 0 (1 i n c h to t h e m i l e ) o n t o p o s h e e t s o f t h e S u r v e y D e p a r t m e n t . T h e r e s u l t s o f t h i s 

s u r v e y w e r e p u b l i s h e d in t w o v o l u m e s t o g e t h e r w i t h a soi l r g a p o f 1 : 2 5 0 , 0 0 0 s c a l e in 1 9 6 3 . 

( s e e K e l a n i - A r u v i R e p o r t in r e f e r e n c e ) . 

A c l o s e e q u i v a l e n c e b e t w e e n t h e soi l m a p u n i t s o f t h e c o a s t a l p l a i n a n d t h e m a i n a q u i f e r 
t y p e s p r e s e n t w i t h i n th i s s u r v e y a r e a , w a s c l e a r l y e v i d e n t in t h e m a i n o u t c o m e o f t h i s s t u d y . 
T h i s w a s p a r t i c u l a r l y s o in t h e c a s e o f t h e soi l m a p u n i t o f r e d - y e l l o w l a t o s o l s ( G a m b u r a a n d 
W i l p a t t u c a t e n a s ) w h i c h w e r e f o u n d to b e c o - t e r m i n u s w i t h t h e d e e p c o n f i n e d a n d s e m i -
c o n f i n e d g r o u n d w a t e r a q u i f e r s l a t e r i d e n t i f i e d in t h e n o r t h - w e s t e r n s e d i m e n t a r y f o r m a t i o n s . 

O n s i m i l a r l i n e s w e r e t h e o u t c o m e s f rom t h e N a t i o n a l So i l S u r v e y P r o j e c t , w h i c h m a p p e d 
t h e w h o l e e x t e n t o f t h e d r y a n d i n t e r m e d i a t e z o n e s o f t h e c o u n t r y , a t a ' g r e a t soi l g r o u p ' l eve l . 
T h e s p e c i a l m e r i t o f t h e g r e a t s o i l g r o u p is tha t it o c c u p i e s a s p e c i f i c s p a c e a n d p o s i t i o n in t h e 
l a n d s c a p e , a n d t h e c l o s e e q u i v a l e n c e b e t w e e n a g r e a t so i l g r o u p r e g i o n a n d a h y d r o g e o l o g i c a l 
d o m a i n c o u l d b e u s e d to a d v a n t a g e in d e m a r c a t i n g r e c o g n i z e d g r o u n d w a t e r r e g i o n s . 

B y 1 9 6 9 t h e first G r e a t Soi l G r o u p M a p o f C e y l o n at a s c a l e o f 1 : 5 0 0 , 0 0 0 w a s p u b l i s h e d b y 
t h e L a n d U s e D i v i s i o n o f t h e I r r i g a t i o n D e p a r t m e n t . A c l o s e e q u i v a l e n c e a m o n g four o f 
A . D . N . F e r n a n d o ' s ( 1 9 6 8 ) g r o u n d w a t e r z o n e s , a n d four g r e a t so i l g r o u p r e g i o n s o f t h e d r y 
z o n e w a s c l e a r l y o b s e r v e d . 

B y 1 9 7 1 , an u p d a t e d So i l M a p o f Sri L a n k a w a s p u b l i s h e d b y t h e L a n d U s e D i v i s i o n ; a n d 

t h e soil landscapes o r soilscapes w e r e c h a r a c t e r i z e d a n d d e s c r i b e d b y P a n a b o k k e ( 1 9 9 6 ) . 

T h e first h y d r o g e o l o g i c a l m a p for t h e c o u n t r y w a s p u b l i s h e d b y W i j e s i n g h e 1 9 7 3 ( s e e F i g u r e 

2 . 1 o f p r e v i o u s C h a p t e r ) w h i c h s h o w s t h e p r i n c i p a l w a t e r b e a r i n g f o r m a t i o n s a s w e l l a s t h e 

s e d i m e n t a r y l i m e s t o n e a q u i f e r s . O f t h e n i n e h y d r o g e o l o g i c a l m a p u n i t s s h o w n in W i j e s i n g h e ' s 

1 9 7 3 m a p , s i x c o u l d b e c o - r e l a t e d w i t h c o r r e s p o n d i n g so i l l a n d s c a p e u n i t s a s f o l l o w s : 

Hydrogeo log ica l M a p ( 1 9 7 3 ) 

1. M i o c e n e l i m e s t o n e ( K a r s t ) 

2 . D e e p l i m e s t o n e a q u i f e r b a s i n 

3. L i t t o r a l d e p o s i t s 

4 . L a t e r i t e 

5 . A l l u v i u m 

6. C r y s t a l l i n e r o c k s 

S o i l s c a p e (1996) 

C a l c i c r e d l a t o s o l s ( s h a l l o w ) 

D e e p r e d l a t o s o l s ( F l a t t e r r a i n ) 

R c g o s o l s o n b e a c h s a n d s ( F l a t t e r r a i n ) 

R Y P w i t h l a t e r i t e ( U n d u l a t i n g t e r r a i n ) 

A l l u v i u a l s o i l s ( F l o o d p l a i n s ) 

R B E - L H G o n h a r d r o c k s 

( U n d u l a t i n g t e r r a i n ) 

B a s e d o n t h e f o r e g o i n g r e l a t i o n s h i p , a m a p o n s c a l e 1 : 2 , 0 0 0 , 0 0 0 s h o w i n g t h e m a i n a q u i f e r 

t y p e s p r e s e n t in t h e c o u n t r y t o g e t h e r w i t h a s u p p o r t i n g S c h e m a t i c T a b l e 3 . 1 w h i c h i n d i c a t e s 

t h e l o c a t i o n - d i s t r i b u t i o n o f t h e s e a q u i f e r s w a s p r e p a r e d b y P a n a b o k k e ( 1 9 9 8 ) . T h i s m a s t e r 

m a p a n d s u p p o r t i n g T a b l e 3 . I a r e s h o w n h e r e , w h i c h s h o w s t h e m a i n a q u i f e r t y p e s a n d is 

d e s i g n a t e d a s F i g u r e 3 . 1 ; a n d its c o m p a n i o n m a p w h i c h s h o w s t h e e q u i v a l e n t s o i l s c a p e s is 

s h o w n in F i g u r e 3 . 2 . 
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Table 3 • 1 
Schemat ic table s h o w i n g the main aquifer types and their equiva lence 
with the c o r r e s p o n d i n g so i l s cape unit 

Aquifer Type Location - Distribution 

1. Sha l l ow Karstic aquifer 
(Weathered Karst ic M i o c e n e L imes tone) 

2. Deep Confined Aquifer 
(Vanathavil lu - Mulankavi l - Mannar 
- Paranthan Bas ins) 

3 . Dry zone Me tamorph ic Hard Rock 
a .Shal low Groundwate r o f Small Tank 
Cascade Sys tem ( S T C s ) and Inland 
Valleys 

b . D e e p G r o u n d w a t e r o f Joints , Fracture 
zones and Fissures o f Basemen t Rocks 
(Bore-hole type) 

4. Sha l low to Modera te ly Deep Aquifers on 
Unconsol ida ted Coas ta l Sands 
a .Sha l l ow aquifers on coastal spits -
Kalpi t iya type 

b .Sha l l ow aquifers on coastal sands -
raised beaches 

c . M o d e r a t e l y Deep aquifers of North­
west coasta l plain - P le is tocene deposi t s 

5. Lateritc Region Aqui fe r o f South West 
Mid-coastal Plain (Cabook Region) 

6 . Alluvial Aquifer 
Med ium, Deep and High Yielding 

Jaffna peninsula , only and 
some outer i s lands . 
Co- te rminus with ca lc ic red latosols 

Sedimentary Miocene l imestone basement 
of North-West region 
Co- t e rminus wi th latosols o f soil m a p * 
Put ta lam, Mannar , Mul la i t ivu distr icts 
coastal plain 

N C P and N W P - Type locat ions . Some 
in N P a n d S P . 
Co-terminus with RBE - L H G and N C B -
LHG of soil m a p * 

Sporadic 
Tube wel ls of N W S & D B 
Main ly Urban and few rural a reas o f d ry 
zone 

Kalpit iya, M a n n a r Island 
Co- te rminus with sandy regosols of soil 
m a p * 

South and south west l ower coasta l plain 
Raised beaches o f eas tern coasta l plain -
Kalkudah, Batticaloa, Pottuvil, Nilaweli etc. 
Co- te rminus with regosols o f soil m a p 

Chilaw, N e g o m b o , Puttalam, 
K a t u n a y a k e 
Co- t e rminus with regosols and latosols on 
old red and ye l low sands . 

G a m p a h a , C o l o m b o , Kalutara and part 
o fGal le -Matara 
Co- te rminus with R Y P o n soft or hard 
laterite 
Kelani , D e d u m , Mahawel i , Walawe, 
Kirindi Oya Alluvial 
Buried river beds - high yield 
Co- terminus with alluvial soils of soil m a p * 
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7. Wet zone Metamorphic Hard Rock 
Water Tables of Variable Depth m 

a. Low Ridge and Broad valley Land -
form of Lower Peneplain. 
Shallow open dug wells (domestic) 

b.Inland valleys of Dissected Middle 
Peneplain Shallow open dug wells 
(domestic) 

8. Miscellaneous Types 

a. Springs of high discharge 

b. Springs of low to medium discharge 

c. Hot (Thermal) Springs 

• Low country wet and semi-wet zone 

• Mid country wet zone 

• Bandarapola - Matale 
• Keppitigollewa - Anuradhapura 

• Ubiquitous 
• 225 
• 120-Central Highlands 

• Maha Oya, Kanniyai, Mahapellessa 

* 'Soil map' refers to soil map of the National Atlas 1992. 

T w o o t h e r g r o u n d w a t e r c o n d i t i o n s w h i c h p r o v i d e an u n f a i l i n g s o u r c e o f d o m e s t i c w a t e r s u p p l y 
in t h e l o w - c o u n t r y a n d m i d - c o u n t r y a r e a s o f t h e w e t z o n e o f t h e c o u n t r y , c o u l d n o t b e 
a c c o m m o d a t e d in t h i s m a p a n d s c h e m a t i c t a b l e , b e c a u s e o f t h e p r e s e n t u n c e r t a i n t y o f t h e i r 
h y d r o g e o l o g i c a l b o u n d a r i e s . I n s t e a d , s c h e m a t i c c r o s s s e c t i o n s o f t h e n a t u r e o f t h e i r o c c u r r e n c e 
in t h e l a n d s c a p e is s h o w n w i t h i n t h e t ex t o f C h a p t e r 10 , t o g e t h e r w i t h s c h e m a t i c figures. 

In t h e res t o f t h i s C h a p t e r , a b r i e f d e s c r i p t i o n is g i v e n o n t h e g e o m o r p h i c s e t t i n g a n d t h e n a t u r e 

o f d i s t r i b u t i o n o f t h e m a i n a q u i f e r t y p e s p r e s e n t in t h e c o u n t r y . 
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Figure 3 . 1 Main aquifer types in Sri Lanka 
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1 : 750.000 

Figure 3 . 3 Karstic aquifer-Jaffna peninsula 

S h a l l o w K a r s t i c A q u i f e r 

W h e n c o m p a r i n g t h i s m a s t e r m a p , F i g u r e 3 . 1 , w i t h t h e so i l m a p o f Sr i L a n k a ( N a t i o n a l A t l a s 

S u r v e y D e p a r t m e n t , 1 9 9 1 ) , it c o u l d b e s e e n tha t t h e s h a l l o w k a r s t i c a q u i f e r is c o - t e r m i n u s 

w i t h t h e so i l m a p u n i t 7 , w h i c h is t e r m e d Calcic red yellow latosol. H e n c e , t h i s so i l m a p un i t 

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

t a b l e n u m b e r 3 . 1 ) . A c c o r d i n g t o H a p u g a s k u m b u r a ' s G r o u n d w a t e r M a p o f 1 9 9 7 , t h i s 

g r o u n d w a t e r t y p e e x t e n d s t o t h e o u t e r i s l a n d s o f K a r a i n a g a r , K a y t s , De l f t , P u n k u d i t i v u a n d 

N a i n a t i v u a s w e l l . 

T h e l o c a t i o n a n d d i s t r i b u t i o n p a t t e r n o f t h e K a r s t i c a q u i f e r a c r o s s t h e Ja f fna p e n i n s u l a , 

a r e s h o w n in F i g u r e 3 . 3 . T h e p e n i n s u l a i t se l f f o r m s t h e n o r t h e r n e x t r e m i t y o f t h e c o u n t r y a n d 

h a s t h e s e a ( P a l k s t r a i t ) o n its w e s t e r n , n o r t h e r n a n d e a s t e r n s i d e s , a n d t h e J a f n a l a g o o n o n 

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

a n o r t h e r n o u t l e t at T h o n d a i m a n n a r a n d a s o u t h e r n o u t l e t at A r i y a l a i . 

It c o u l d b e s e e n f rom F i g u r e 3 .3 t h a t t h e K a r s t i c a q u i f e r is m a i n l y d i s t r i b u t e d a c r o s s t h e 

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

P o i n t P e d r o a n d C h a v a k a c h c h e r i is m a i n l y m a d e u p o f s a n d y r e g o s o l s o n r e c e n t b e a c h a n d 

d u n e s a n d s , a n d th i s s u p p o r t s a d i f f e r en t t y p e o f aqu i f e r . A l t h o u g h t h e g e n e r a l so i l m a p o f Sri 

L a n k a ( 1 9 9 1 ) s h o w s t h e s o i l s o f t h e o u t e r i s l a n d s a s ' s o i l s o n r e c e n t c a l c a r e o u s s e d i m e n t s 1 , 

t h e s e a r e a l s o u n d e r l a i n b y t h e Ja f fna l i m e s t o n e , a n d t h e g r o u n d w a t e r c o n d i t i o n s in t h e s e s o i l s 

a r e t h e s a m e a s in t h e K a r s t i c a q u i f e r . 

T h e Ja f fna p e n i n s u l a is u n d e r l a i n b y M i o c e n e l i m e s t o n e f o r m a t i o n s w h i c h a r e g e n e r a l l y 

100 t o 150 m t h i c k , a n d w h i c h a r e d i s t i n c t l y b e d d e d a n d w e l l j o i n t e d , a n d a r e h i g h l y ka r s t i f i ed . 
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T h e s p e c i a l c o n d i t i o n s g o v e r n i n g t h e o c c u r r e n c e o f g r o u n d w a t e r in t h e J a f f n a p e n i n s u l a 

a c c o r d i n g to S i r i m a n n e ( 1 9 5 2 ) " a r e d u e t o j o i n t p l a n e s , f i s s u r e s , c a v i t i e s , s o l u t i o n c h a m b e r s 

a n d c h a n n e l s , s o m e o f c o n s i d e r a b l e s i z e , w h i c h a r e p r e s e n t in t h i s k a r s t i c l i m e s t o n e . M o s t o f 

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

c i r c u l a t e in t h e m " . 

A c c o r d i n g to A r u m u g a m ( 1 9 7 0 ) , " t h e p r e s e n c e o f g r o u n d w a t e r in s e d i m e n t a r y r o c k s s u c h 

as l i m e s t o n e c a u s e t h e f o r m a t i o n o f s ink ho l e s w h i c h , w i th t i m e , e n l a r g e b e c o m i n g u n d e r g r o u n d 

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

found in l i m e s t o n e f o r m a t i o n s . T h e t e r m ' K a r s t i c ' w h i c h o r i g i n a l l y r e f e r r ed to t h e Y u g o s l a v i a n 

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

T h e t e r r a i n t h r o u g h o u t t h e p e n i n s u l a is flat a n d it r e a c h e s t h e h i g h e s t e l e v a t i o n o f 10 .5 m in 

t h e a r e a a r o u n d T e l l i p p a l a i . F r o m h e r e it s l o p e s g e n t l y t o w a r d s t h e s o u t h a n d t h e e a s t , b u t 

t o w a r d s t h e n o r t h t h e e l e v a t i o n t e n d s t o d r o p a b r u p t l y a s t h e s e a is r e a c h e d , g i v i n g r i se t o a 

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

f rom K e e r i m a l a i t o w a r d s K a n k e s a n t u r a i , w h e r e d u r i n g t h e m o n t h o f J a n u a r y m a n y o f t h e s e 

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

D e e p C o n f i n e d A q u i f e r 

T h e M i o c e n e a g e s e d i m e n t a r y s t r a t a tha t u n d e r l i e t h e n o r t h - w e s t e r n a n d n o r t h e r n c o a s t a l 

p l a i n s o f Sri L a n k a f o r m t h e l a r g e s t s e d i m e n t a r y a q u i f e r s y s t e m in t h e i s l a n d . A l t h o u g h it is 

o n e o f t h e v e r y w e l l s t u d i e d a q u i f e r s y s t e m s in t h e c o u n t r y , it is a t p r e s e n t t h e l eas t u t i l i z e d in 

r e s p e c t o f i ts p r o v e n p o t e n t i a l . 

W h e n c o m p a r i n g t h e m a s t e r m a p F i g u r e 3 . 1 w i t h t h e S o i l M a p o f Sr i L a n k a ( N a t i o n a l 

A t l a s 1 9 9 2 ) it c o u l d b e s e e n t h a t t h e a r e a o c c u p i e d b y t h i s d e e p c o n f i n e d a q u i f e r is c o -

t e r m i n u s w i t h so i l m a p un i t 6 w h i c h is t e r m e d red-ye/low latosol. E v e n o n a l a r g e r s c a l e m a p 

t h e r e l a t i o n s h i p is s o c l o s e tha t t h e t y p e l o c a t i o n for t h i s d e e p a q u i f e r c o u l d b e t a k e n as th i s 

s a m e soi l m a p un i t . ( S e e a l s o s u p p o r t i n g s c h e m a t i c T a b l e 3 . 1 ) 

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

Q u a t e r n a r y s e d i m e n t a r y f o r m a t i o n s , w h i c h e x t e n d f rom P u t t a l a m to J a f fna p e n i n s u l a , a n d 

t h e n t o w a r d s M u l l a i t i v u . T h e M i o c e n e l i m e s t o n e in th i s a r e a is h i g h l y k a r s t i c a n d c a r r i e s m o s t 

o f t h e f l o w in t h i n b a n d s . 

T h e s e d i m e n t a r y l i m e s t o n e in th i s a r e a is h i g h l y f a u l t e d , a n d it s e p a r a t e s t h e a q u i f e r s in to 

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

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

o v e r a p e r i o d e x t e n d i n g f r o m la t e 1 9 6 0 ' s t o t h e e a r l y 1 9 8 0 ' s . F r o m s o u t h t o n o r t h t h e s e s e v e n 

s e m i c o n f i n e d a q u i f e r s a r e s h o w n in F i g u r e 3 . 4 . 
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1. P a l a v i b a s i n 

2. V a n a t h a v i l l u b a s i n 

3 . K o n d a c h c h i b a s i n 

4 . M u r u n k a n b a s i n 

5 . M u l a n k a v i l b a s i n 

6 . P a r a n t h a n b a s i n 

7 . M u l l a t i v u b a s i n 

Figure 3 .4 Semi - confined aquifers of the Miocene Belt 

A q u i f e r b o u n d a r i e s h a v e b e e n a p p r o x i m a t e l y d e m a r c a t e d in r e s p e c t o f t h e V a n a t h a v i l l u , 

M u r u n k a n a n d M u l a n k a v i l a q u i f e r b a s i n s . 
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M e t a m o r p h i c H a r d R o c k R e g i o n o f t h e D r y Z o n e 

Shallow Regolith Aquifer 

T h e c r y s t a l l i n e b a s e m e n t c o m p l e x , w h i c h is a l s o r e f e r r e d t o a s t h e h a r d r o c k r e g i o n o f 

Sri L a n k a , c o v e r s a r o u n d 8 0 p e r c e n t o f t h e i s l a n d a n d n e a r l y t w o t h i r d s o f t h i s fa l l s w i t h i n t h e 

d r y z o n e o f t h e c o u n t r y . T h e u n w e a t h e r e d c r y s t a l l i n e r o c k s , b y t h e i r v e r y n a t u r e a r e r e l a t i v e l y 

i m p e r v i o u s a n d n o n - p o r o u s . A l t h o u g h t h e s e r o c k s d o no t s h o w a n y p r i m a r y po ros i t y , a s e c o n d a r y 

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

g r o u n d w a t e r c o u l d b e h e l d w i t h i n th i s f r ac tu red a n d w e a t h e r e d z o n e . H o w e v e r , b e c a u s e o f 

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

r o c k s , g e o l o g i s t s h a v e r e c o g n i z e d t h a t t h e g r o u n d w a t e r p o t e n t i a l in t h e h a r d r o c k r e g i o n s o f 

th is c o u n t r y is l i m i t e d . 

T h e f o r e g o i n g a s s e r t i o n h a s b e e n fu r the r a f f i r m e d b y L. J. D . F e r n a n d o ( 1 9 5 0 ) , a f o r m e r 

D i r e c t o r o f t h e G S D w h o s t a t e s : 

" T h e s u r f a c e a n d s u b - s u r f a c e g e o l o g y o f t h e I s l and is u n f a v o u r a b l e t o t h e r e t e n t i o n o f 

l a r g e v o l u m e s o f u n d e r g r o u n d w a t e r . W i t h t h e e x c e p t i o n s o f t h e n o r t h - w e s t c o a s t a l be l t 

e x t e n d i n g f rom t h e J a f f n a p e n i n s u l a t o P u t t a l a m , a n d t h e n a r r o w c o a s t a l t r a c t s in o t h e r p a r t s , 

t h e b u l k o f t h e I s l a n d is c o m p o s e d o f a c o m p l e x o f a n c i e n t c r y s t a l l i n e r o c k s t h a t h a v e n o 

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

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

f i t ful ly a n d s p o r a d i c a l l y d e v e l o p e d to s u p p o r t a n y a c t i v e c i r c u l a t i o n , a n d t h e r o c k s a r e 

h y d r o l o g i c a l l y i ne r t . T h e s e a d v e r s e f ac to r s ru le o u t p o s s i b i l i t i e s o f t a p p i n g l a r g e u n d e r g r o u n d 

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

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

H o w e v e r , t h e w o r k o f t h e B r i t i s h G e o l o g i c a l S u r v e y in r e c e n t y e a r s o n t h e ' b l a n k e t ' t ha t 

o v e r l i e s t h e g r a n i t e s , g n e i s s e s , s c h i s t s a n d o t h e r c r y s t a l l i n e b e d r o c k f o r m a t i o n s in A s i a , A f r i c a 

a n d t h e A m e r i c a s ( B r a z i l ) h a v e h e l p e d to m o d i f y s o m e o f t h e e a r l i e r h e l d p e s s i m i s t i c v i e w s o f 

the g r o u n d w a t e r p o t e n t i a l o f t h e s o c a l l e d ' h a r d r o c k ' b a s e m e n t s . G r o u n d w a t e r f l o w i n g t h r o u g h 

w e a t h e r e d r o c k , s o m e t i m e s r e f e r r e d t o a s ' r e g o l i t h ' o r ' s a p r o l i t e ' is a b l e t o p r o v i d e a m o d e s t 

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

a v a i l a b l e t o rura l c o m m u n i t i e s . 

F o r s e v e r a l y e a r s t h e B r i t i s h G e o l o g i c a l S u r v e y h a d a l s o b e e n i n v e s t i g a t i n g t h e n a t u r e o f 

t h e a q u i f e r w i t h i n t h e r e g o l i t h o f t h e h a r d r o c k a r e a s in t r o p i c a l A f r i c a a n d S o u t h A s i a , a l a r g e 

pa r t o f w h i c h is u n d e r l a i n b y c r y s t a l l i n e b a s e m e n t r o c k s . T h e i r i n v e s t i g a t i o n s h a v e s h o w n 

tha t g r o u n d w a t e r in t h e s e a r e a s o c c u r in t w o m a i n f o r m s , n a m e l y ( 1 ) the shallow regolith 

aquifer a n d ( 2 ) the deeper fracture zone aquifer. D e v e l o p m e n t o f t h e r e g o l i t h a q u i f e r 

c o m p o n e n t is n o r m a l l y c a r r i e d o u t b y d i g g i n g w e l l s ( d u g w e l l s ) , w h e r e a s d e v e l o p m e n t o f t h e 

f r ac tu red b e d r o c k c o m p o n e n t is t y p i c a l l y c a r r i e d o u t b y d r i l l i n g d e e p e r b o r e h o l e s , ( s e e F i g u r e 

3 . 5 ) 
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F i g u r e 3 . 5 Sha l l ow d u g wells in o v e r b u r d e n a n d d e e p b o r e wells in f r a c t u r e z o n e 
(after Dissanayake , 1989) 

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

a r e a s o f Sri L a n k a , H e r b e r t e t a l . ( 1 9 8 8 ) h a v e o b s e r v e d t h a t t h e g r o u n d w a t e r in t h e s e a r e a s 

o c c u r b o t h in t h e r e g o l i t h ( w e a t h e r e d a n d r e s i d u a l o v e r b u r d e n ) a n d in t h e f r a c t u r e d b e d r o c k . 

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

p r o c e s s e s , t o f o r m a d i s t i n c t h o r i z o n t e r m e d ' r e g o l i t h ' . T h e r e g o l i t h a s s h o w n in F i g u r e 3 . 6 is 

m a d e u p o f t h r e e m a i n s u b d i v i s i o n s n a m e l y ( a ) collapsed zone e x t e n d i n g u p t o 3 m in t h i c k n e s s 

a n d l y i n g a b o v e t h e w a t e r t a b l e ; ( b ) saprofite, w h i c h i s c o m m o n l y t e r m e d h i g h l y w e a t h e r e d 

r o c k ; a n d ( c ) saprock, w h i c h is s l i g h t l y w e a t h e r e d r o c k w h e r e t h e f r a c t u r e s a r e l i k e l y t o b e 

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

t h e r e f o r e b e h i g h . 

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

for e x t r a c t i o n . T h e w a t e r h o l d i n g a n d t r a n s m i s i v i t y c a p a b i l i t i e s o f t h e s e r e g o l i t h a q u i f e r s a r e 
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y Soil zone 

Figure 3.6 Typical regolith profile above crystalline basement rocks 

l i m i t e d , a n d t h e y a r e a l s o v e r y s h a l l o w in n a t u r e , e x t e n d i n g u p to a m a x i m u m d e p t h o f 10 to 12 

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

aqu i fe r . 

Deep Fracture Zone Aquifer 

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

a r o u n d o r b e y o n d 3 0 to 4 0 m in t h e h a r d m e t a m o r p h i c r o c k r e g i o n s , w h e r e v e r t h e d e e p e r 

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

c o m p l e x . T h e g r o u n d w a t e r o c c u r r i n g in th i s z o n e o f j o i n t i n g o r f r a c t u r i n g is r e f e r r e d t o a s t h e 

deep fracture zone aquifer. A s c h e m a t i c p r o f i l e s h o w i n g t h e s e q u e n c e f r o m so i l - s a p r o c k 

- b e d r o c k - f i s s u r e s - j o i n t s is s h o w n in F i g u r e 6 . 3 in C h a p t e r 6 . 

T h e o c c u r r e n c e o f t h e s e f r a c t u r e z o n e s is m o r e s p o r a d i c o r r a n d o m , a n d i s r e l a t e d t o t h e 

l i n e a m e n t s t h a t o c c u r in t h i s h a r d r o c k r e g i o n . D r i l l e d b o r e h o l e s o r b o r e w e l l s a b s t r a c t t h e 

g r o u n d w a t e r f rom t h e s e d e e p f r a c t u r e z o n e a q u i f e r s . T h e a v e r a g e d e p t h o f b o r e w e l l s in 

Sri L a n k a is a r o u n d 4 0 m a n d in s o m e i n s t a n c e s , a f e w c o u l d g o d o w n to 7 0 m . In a r e c e n t 
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h y d r o g e o l o g i c a l s t u d y c a r r i e d o u t in t h e H a m b a n t o t a a n d M o n e r a g a l a d i s t r i c t s b y t h e J I C A 

a n d W R B ( 2 0 0 3 ) , t h e f r a c t u r e d a q u i f e r in t h e s t u d y a r e a w a s c a t e g o r i z e d i n t o t h r e e p a r t s , 

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

aqu i fe r . T h i s w a s t h e First g r o u n d w a t e r s t u d y t h a t c o n f i r m e d t h e o c c u r r e n c e o f a p r o d u c t i v e 

a q u i f e r b e l o w 1 0 0 m . T h e s e w e r e at B o d a g a m a , B a d a l k u m b u r a a n d Y a l a b o w a in t h e 

M o n e r a g a l a d i s t r i c t . 

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

e x p l o r a t i o n , a n d in t h e l o c a t i o n o f s u i t a b l e s i t e s for c o n s t r u c t i n g b o r e w e l l s . T h e m e t h o d e n j o y s 

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

h i g h s u c c e s s r a t e . In r e c e n t d e c a d e s , s a t e l l i t e i m a g e d a t a h a s a l s o b e e n e x t e n s i v e l y u s e d t o 

iden t i fy p o t e n t i a l z o n e s , p a r t i c u l a r l y in h a r d r o c k a r e a s . B a s i c a l l y , t h i s i n v o l v e s i d e n t i f y i n g 

l i n e a m e n t s w h i c h a r e a s s u m e d to b e f rac ture z o n e s , a n d t h u s s u p p o s e d l y , p o t e n t i a l g r o u n d w a t e r 

z o n e s . In m o s t o f t h e p r e s e n t d a y i n v e s t i g a t i o n s , l i n e a m e n t m a p s a r e p r e p a r e d , b e f o r e r e s i s t i v i ty 

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

In n e i g h b o u r i n g T a m i l N a d u , t h e d e p t h o f b o r e w e l l s d r i l l e d in t h e a r e a , h a s b e e n s t e a d i l y 

i n c r e a s i n g o v e r t h e y e a r s . T h e a v e r a g e d e p t h w a s a b o u t 6 0 m for al l b o r e w e l l s d r i l l e d up t o 

1982, w h i l e in 1 9 9 2 it h a s r e a c h e d 192 m . If c o n t i n u e d , t h e a v e r a g e d e p t h is l i k e l y t o b e o v e r 

2 7 0 m b y t h e y e a r 2 0 2 0 , b y w h e n it is d o u b t f u l t ha t r e c h a r g e c o u l d t a k e p l a c e a t s u c h d e p t h s . 

T h i s is f o r t u n a t e l y n o t t h e c a s e in Sr i L a n k a , w h e r e t h e a v e r a g e d e p t h o f b o r e w e l l s o r d e e p 

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

Y ie ld m e a s u r e m e n t s c a r r i e d o u t o n t h e b o r e w e l l s o r t u b e w e l l s in Sri L a n k a i n d i c a t e tha t 

it v a r i e s o v e r a w i d e r a n g e f r o m 0.1 t o 2 .0 1/sec, w i t h a m e d i a n v a l u e o f 0 . 3 5 1/sec. 

Distribution Patterns 

A t p r e s e n t it c o u l d b e s t a t e d t h a t t h e s h a l l o w r e g o l i t h a q u i f e r o c c u r s in a s s o c i a t i o n w i t h t h e 

s m a l l t a n k c a s c a d e s y s t e m s , a s s h o w n in F i g u r e 3 . 1 . 

It wi l l a l s o b e s h o w n in C h a p t e r 6 t h a t t h i s s h a l l o w r e g o l i t h a q u i f e r o c c u r s in s o m e d e f i n i t e 

fo rm a l o n g t h e n u m e r o u s i n l a n d v a l l e y s tha t d i s s e c t t h i s h a r d r o c k l a n d s c a p e . 

In c o n t r a s t , t h e d e e p f r a c t u r e z o n e a q u i f e r o c c u r s at r a n d o m a c c o r d i n g to t h e p r e s e n c e o f 

l i n e a m e n t s in t h e b a s e m e n t r o c k s . 

S h a l l o w A q u i f e r s o n U n c o n s o l i d a t e d C o a s t a l S a n d s 
(Coas ta l S a n d A q u i f e r s ) 

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

a q u i f e r s h a v e b e e n r e c o g n i z e d a n d c h a r a c t e r i z e d in Sri L a n k a . T h e s e a r e ; 
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1 S h a l l o w a q u i f e r s o n c o a s t a l * s p i t s a n d b a r s i .e . K a l p i t i y a , P o o n e r y n , M a n n a r 
I s l and . 

2 . S h a l l o w a q u i f e r s o n c o a s t a l s a n d s - t R a i s e d b e a c h e s , i .e . P u l m u d d a i , N i l a v e l i , 
K a l k u d a a n d L o w s a n d d u n e s i.e. H a m b a n t o t a . 

3 . M o d e r a t e l y d e e p a q u i f e r s o n o l d red a n d y e l l o w s a n d s o f P r i o r b e a c h p l a i n s i .e. 
K a t u n a y a k e , C h i l a w . 

T y p e I i s l o c a t e d o n t h e K a l p i t i y a a n d P o o n e r y n p e n i n s u l a s a n d o n t h e M a n n a r I s l and as 
s h o w n in F i g u r e 7 . 2 ( S e e C h a p t e r 7 ) 

T h e K a l p i t i y a p e n i n s u l a is w h a t g e o m o r p h o l o g i s t s d e s c r i b e a s a ' c o m p o u n d s p i t ' a n d it is 
s h a p e d l i k e a b e c k o n i n g finger. Its l a n d f o r m s i n c l u d e b e a c h a n d d u n e f o r m a t i o n s t o g e t h e r 
w i t h s a l t m a r s h m a n g r o v e s a n d s a l i n e f la t s . T h e P o o n e r y n p e n i n s u l a h a s b e e n b u i l t up in 
r e s p o n s e t o t ida l c u r r e n t s a n d t h e s m a l l w a v e s a s s o c i a t e d w i t h t h e d r y s o u t h w e s t m o n s o o n . 
T h e M a n n a r I s l a n d c o n s i s t s o f m u l t i p l e s a n d b a r r i e r s o f r e c e n t a g e t h a t h a v e b e e n t h r o w n u p 
b y w a v e s o f t h e s o u t h w e s t m o n s o o n a n d Ind i an O c e a n s w e l l a n d c o v e r s t h e M i o c e n e l i m e s t o n e 
b e n e a t h . 

E a c h o f t h e f o r e g o i n g g e o m o r p h i c s e t t i n g s is h i g h l y c o n d u c i v e t o t h e b u i l d u p o f t h e t yp i ca l 
G y b e n - H e r z b e r g l ens o f fresh w a t e r f l oa t i ng o n the u n d e r l y i n g d e n s e r sa l t w a t e r ( s e e A p p e n d i x 
4 ) . T h i s f r e sh w a t e r l e n s i s r e c h a r g e d o n l y d u r i n g t h e n o r t h - e a s t m o n s o o n Malta r a i n f a l l . 
S i n c e t h e s e l a n d f o r m s a r e e x p o s e d to t h e s e a o n all s i d e s , t h i s th in f resh w a t e r l e n s is p r o n e to 
l eak o u t to t h e s e a o n al l s i d e s w h e n it a c q u i r e s a c e r t a i n d e p t h . 

T y p e 2 a s s e e n in F i g u r e 7 . 2 ( s e e C h a p t e r 7) o c c u r s all a r o u n d t h e c o a s t l i n e o f t h e i s l a n d 
a n d is m o s t l y l o c a t e d a s n a r r o w b a n d s o f r a i s e d b e a c h e s . O v e r t h r e e - f o u r t h s o f t h e c o a s t l i n e 
in t h i s c o u n t r y i s b e a c h f r i n g e d , a n d m o s t b e a c h e s in t h e i s l a n d a r e s a n d y . T h e b e a c h e s o f Sr i 
L a n k a a r e u s u a l l y n a r r o w b e c a u s e o f t h e s m a l l t ida l r a n g e a r o u n d t h e c o u n t r y , a n d a l s o t h e 
r e l a t i v e l y l o w w a v e e n e r g y . W h e r e w a v e e n e r g y is p e r e n n i a l l y l o w , t h e b e a c h is o f t en o n l y 
1 Om a c r o s s in w i d t h , a n d w h e r e t h e w a v e e n e r g y is h i g h e r t h e b e a c h e s c a n b e m o r e t h a n 5 0 m 
a c r o s s in w i d t h . T h e r a i s e d b e a c h e s tha t a r e w i d e l y d i s t r i b u t e d a l o n g t h e c o a s t l i n e He w e l l 
a b o v e t h e p r e s e n t s e a l e v e l a n d a r e u s u a l l y 3 . 0 t o 3 .5 m a b o v e m . s . l . T h e s e r a i s e d b e a c h e s , 
w h e r e v e r t h e y o c c u r , a r e a m o d e r a t e l y w i d e , u s u a l l y m o r e t h a n 1 0 0 m in w i d t h , a n d in t h e wel l 
d e v e l o p e d a r e a t h e y c a n b e m o r e t h a n t w o k i l o m e t r e s in l e n g t h . T h e r e a r e a l s o ' p o c k e t b e a c h e s ' 
t ha t o c c u r a l o n g t h e b e d r o c k c o a s t s o f s o u t h e r n Sri L a n k a b e t w e e n D o n d r a a n d T a n g a l l e . I n ail 
t h e s e r a i s e d b e a c h e s , t h e fa l l ing r a i n w a t e r in f i l t r a tes in to t h e g r o u n d a n d c o l l e c t s in t h e fo rm o f 
a f resh w a t e r l e n s o f v a r y i n g t h i c k n e s s , d e p e n d e n t o n t h e d i m e n s i o n o f t h e b e a c h . A s in t h e 
c a s e o f t h e p r e v i o u s t y p e , a n y o v e r e x t r a c t i o n o f t h i s f resh w a t e r l e n s r e s u l t s in t h e ' c o n i n g ' o r 
e n t r y o f t h e u n d e r l y i n g b r a c k i s h o r sa l t w a t e r in to t h e l e n s o f fresh w a t e r . T h i s is p a r t i c u l a r l y 
s i g n i f i c a n t in t h e d r y z o n e w h e r e t h e r e c h a r g e o f fresh w a t e r t a k e s p l a c e o n l y d u r i n g a p a r t o f 
t h e year . 

* Spits - Unconsolidated material or a narrow shoal projecting into the sea from the shore 
t Raised Beach-A beach whose elevation is above the reach of waves of present times. 
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S a n d d u n e s o c c u r a l o n g a b o u t a fifth o f t h e c o u n t r y ' s c o a s t l i n e in b o t h t h e d r y a n d w e t 

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

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

a l s o a l o n g t h e s o u t h e a s t c o a s t . T h e r e is an a b s e n c e o f p r o m i n e n t d u n e s a l o n g t h e s o u t h w e s t 

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

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

d u n e s , t h i s f resh w a t e r o c c u r s at a d e p t h o f a r o u n d 12 m . 

T y p e 3 a s s e e n in F i g u r e 7 . 2 ( s e e c h a p t e r 7 ) , is m a i n l y c o n f i n e d to t h e o l d b e a c h p l a i n tha t 

c o v e r s t h e a r e a f r o m C h i l a w s o u t h w a r d s t o N e g o m b o - K a t u n a y a k e - S e e d u w a w h e r e it is 

b e s t e x p r e s s e d . T h i s f o r m a t i o n i s b e l i e v e d t o b e o f P l e i s t o c e n e a g e , a n d o n c e f o r m e d a p a r t o f 

a m o r e e x t e n s i v e b e a c h p l a i n t h a n is n o w p r e s e n t . O n its w e s t e r n f l ank it is n o w p r o t e c t e d b y 

t h e N e g o m b o l a g o o n , a n d o n its e a s t e r n f lank b y t h e r e s i d u a l , r o c k f l o o r e d , l o w e r p e n e p l a i n o f 

t h e c o u n t r y . A s p e c i a l f e a t u r e o f t h i s f o r m a t i o n is i ts h y d r o g e o l o g i c a l e n r i c h m e n t b y t h e t h i rd -

o r d e r r i v e r s o f A t t a n a g a l u O y a a n d D a n d u g a m O y a w h i c h c u t a c r o s s t h i s f o r m a t i o n a n d 

t h e r e b y a u g m e n t its g r o u n d w a t e r r e s e r v e . T h e N e g o m b o l a g o o n o n its w e s t e r n f lank a l s o 

h e l p s t o p r e v e n t l e a k a g e o f t h e a q u i f e r t o t h e s e a . T h i s a q u i f e r h a s b e e n s u b j e c t e d t o m o r e 

i n t e n s i v e s t u d i e s in r e c e n t y e a r s b y t h e W R B . 

A s s e e n in f i g u r e 7 . 2 ( s e e C h a p t e r 7 ) , a q u i f e r T y p e I o c c u r s e x c l u s i v e l y w i t h i n t h e d r y 

z o n e , w h i l e T y p e 2 o c c u r s m o r e e x t e n s i v e l y a l o n g t h e c o a s t l ine o f b o t h t h e d r y a n d w e t z o n e s 

a s w e l l a s t h e i n t e r m e d i a t e z o n e ; a n d T y p e 3 o c c u r s m a i n l y w i t h i n t h e o l d c o a s t a l p l a i n o f t h e 

n o r t h w e s t d e p o s i t i o n a l p l a i n s i t u a t e d in b o t h i n t e r m e d i a t e a n d d r y z o n e s . 

T h e to ta l e x t e n t o f a q u i f e r s o f T y p e s 1 a n d 2 is e s t i m a t e d a t a r o u n d 1 4 0 , 0 0 0 h a ; a n d T y p e 

3 at a r o u n d 4 0 , 0 0 0 ha . A l t h o u g h th is is n o t a v e r y b i g e x t e n t for t h i s I s l and N a t i o n , it c o n s t i t u t e s 

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

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

Alluvia l A q u i f e r s 

A s c o u l d b e s e e n b y c o m p a r i n g f i g u r e 3 . 1 w i t h f i g u r e 3 . 2 , t h e r e is a c l o s e c o r r e s p o n d e n c e 

b e t w e e n t h e a r e a s o f t h e a l l u v i a l a q u i f e r s a n d t h e a r e a s s h o w n a s a l l u v i a l s o i l s in f i g u r e 3 . 2 . 

O n a m a p o f s c a l e ( 1 : 2 , 0 0 0 , 0 0 0 ) it is o n l y p o s s i b l e t o d e p i c t a g e n e r a l i z e d p i c t u r e o f t h e 

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

M a h a w e l i G a n g a a n d D e d u r u O y a a n d d o e s n o t i n c l u d e t h e l o w e r o r d e r r i v e r s a n d s t r e a m s . 

H a p u g a s k u m b u r a ' s g r o u n d w a t e r m a p o f 1 9 9 7 d e p i c t s m o s t o f t h e i m p o r t a n t a l l u v i a l a q u i f e r s 

o f t h e m a j o r r i v e r s y s t e m s . 

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

as coas t a l p l a i n s , i n l a n d r i v e r flood p l a i n s , d i s s e c t e d a n d d e p o s i t i o n a l r i v e r v a l l e y s , b u r i e d r i v e r 

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

v a r y i n g s h a p e , f o r m a n d s i z e w i t h fine a n d c o a r s e d e p o s i t i o n a l in-f i l l m a t e r i a l s . 
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T h e d e e p e r a n d l a r g e r a l l u v i a l a q u i f e r s o c c u r a l o n g t h e l o w e r r e a c h e s o f t h e m a j o r r i v e r s 

tha t cu t a c r o s s t h e v a r i o u s c o a s t a l p l a i n s s u r r o u n d i n g t h e l o w c o u n t r y r e g i o n s . R i v e r s s u c h a s 

t h e M a h a w e l i G a n g a , K e l a n i G a n g a , D e d u r u O y a , M i O y a , K i r i n d i O y a a n d M a l w a t u O y a 

h a v e b r o a d a n d d e e p a l l u v i a l b e d s o f v a r i a b l e t e x t u r e a n d g r a v e l c o n t e n t . C o o r a y ( 1 9 8 8 ) 

c o n s i d e r s tha t o n e o f t h e l a r g e s t c a r r i e r s o f g r o u n d w a t e r in th i s c o u n t r y is t h e a l l u v i u m , w h i c h 

in t h e m a j o r r i v e r v a l l e y s m a y v a r y f rom 10 to 3 5 m in t h i c k n e s s . W a d i a ( 1 9 4 0 ) h a s s u g g e s t e d 

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

v a l l e y s e c t i o n o f t h e r i v e r a n d , t h e r e f o r e , o n e c o u l d e x p e c t s e m i - a r t e s i a n c o n d i t i o n s in t h e 

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

T h e m i n o r rivers a n d O y a s , a c c o r d i n g to C o a t e s (1929) , h a v e s h a l l o w v a l l e y s w i t h i r r e g u l a r 
f l oo r s a n d v a r y i n g in w i d t h f rom 7 0 to 150 m . T h e s e s h a l l o w v a l l e y s a r e u s u a l l y f i l led w i t h 
s a n d y c l a y o r s a n d , w i t h a b a s a l g r a v e l l a y e r r e s t i n g o n t h e b e d r o c k . T h e s e b o t t o m g r a v e l s 
a r e i m p o r t a n t w a t e r b e a r i n g h o r i z o n s a n d r e - c h a r g e o f g r o u n d w a t e r t a k e s p l a c e t h r o u g h t h e s e 
g r a v e l h o r i z o n s . 

In t h e d r y z o n e , t h e w a t e r t a b l e w i t h i n t h e m i n o r s t r e a m s a r e m a i n l y r e c h a r g e d d u r i n g t h e 

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

In t h e n a r r o w i n l a n d v a l l e y s o f t h e w e t z o n e , w e l l s l o c a t e d in t h e l o w e r a n d b o t t o m a s p e c t s 
o f t h e i n l a n d v a l l e y s h a v e a w a t e r t a b l e t h r o u g h m o s t o f t h e y e a r , a n d d o m e s t i c w a t e r s u p p l i e s 
a r e o b t a i n e d f rom t h e s e t h r o u g h o u t t h e yea r . T h e s e a r e all s h a l l o w a q u i f e r s w h i c h o v e r l i e t h e 
d e c o m p o s i n g b e d r o c k a n d t h e i r l o c a t i o n s a n d its b e h a v i o u r is w e l l u n d e r s t o o d b y loca l s e t t l e r s 
f rom t r ad i t i ona l t i m e s . 

Later i t e ( C a b o o k ) A q u i f e r s o f S o u t h W e s t Sr i L a n k a 

It c o u l d b e s e e n f rom F i g u r e s 3 .1 a n d 3 . 2 tha t t h e r e is a v e r y c l o s e c o r r e s p o n d e n c e b e t w e e n 

t h e l a t e r i t e ( c a b o o k ) a q u i f e r a n d t h e soil m a p uni t R e d Y e l l o w P o d z o l i c ( R Y P ) soi l w i t h soft o r 

h a r d l a t e r i t e . H a p u g a s k u m b u r a ' s G r o u n d w a t e r M a p ( 1 9 9 7 ) c l e a r l y d e m a r c a t e s t h e l a t e r i t e 

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

t h i c k n e s s o f t h e l a t e r i t e p r o f i l e " . H e a l s o o b s e r v e s tha t " w a t e r f r o m t h e l a t e r i t e is a c i d i c a n d 

w a t e r l eve l f l u c t u a t i o n is in t h e r a n g e o f 3 .0 t o 6 .0 m d e p e n d i n g o n t h e t e r r a i n c o n d i t i o n " . 

S i r i m a n n e ( 1 9 5 2 ) c o n s i d e r s t h e l a t e r i t e o f t h e s o u t h - w e s t o f Sri L a n k a to b e o f t h e M a l a b a r 
c o a s t t y p e o f K e r a l a w i t h a h i g h s i l i ca / a l u m i n a r a t i o . T h e M a l a b a r t y p e l a t e r i t e , h o w e v e r , 
o c c u r s o n a l a r g e r l a n d s c a p e t h a n in Sri L a n k a , a n d s h o w s a d e e p e r m a n t l e o f l a t e r i t e w i t h a 
v e r y h i g h s t o r a g e c a p a c i t y for g r o u n d w a t e r . S e v e r a l w o r k e r s h a v e d e s c r i b e d l a t e r i t e p r o f i l e s 
in t h i s c o u n t r y a n d it is w e l l d o c u m e n t e d tha t it is t h e m i d d l e z o n e o f t h e p r o f i l e w h i c h h a s a 
v e s i c u l a r h o n e y - c o m b s t r u c t u r e o f h i g h p o r o s i t y a n d p e r m e a b i l i t y t h a t is t h e m a i n c a r r i e r o f 
g r o u n d w a t e r in t h e l a t e r i t e f o r m a t i o n s . T h e l o w e r k a o l i n t i c l ayer , w h i c h m a y b e s a t u r a t e d w i t h 
w a t e r , y i e l d s w a t e r v e r y s l o w l y a n d it h a s a t e n d e n c y to ' c a v e i n ' , a n d w e l l s in g e n e r a l a r e n o t 
s u n k b e l o w th i s k a o l i n t i c l ayer . 
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T h e m i d d l e z o n e is f r e q u e n t l y t a p p e d for g r o u n d w a t e r w i t h c o n s i d e r a b l e s u c c e s s , for 

e x a m p l e , t h e t o w n o f R a g a m a d e r i v e d its f o r m e r s u p p l y o f 1 6 , 0 0 0 g a l l o n s p e r d a y f rom five 

w e l l s d r i l l ed in t h e l a t e r i t e . 

T h e v e s i c u l a r n a t u r e o f t h e t y p i c a l l a t e r i t e g i v e s it a h i g h p o r o s i t y a n d p e r m e a b i l i t y , a n d th i s 
a c c o u n t s for t h e a b s e n c e o f p e r m a n e n t s t r e a m s o n it. W h e n t h e l a t e r i t e c o v e r s l o w l y i n g h i l l s , 
t h e w a t e r b e n e a t h t h e h i g h e r p a r t s o f t h e hill wi l l fluctuate c o n s i d e r a b l y t h r o u g h o u t t h e year . 
N e a r t h e foot o f t h e hi l l t h e fluctuation is s m a l l b u t t h e l a t e r i t e is o f t e n t h i n n e r a n d h e n c e w i l l 
y i e ld l e s s . 

T h e l a t e r i t e f o r m a t i o n s ( c a l l e d " c a b o o k " ) o f s o u t h - w e s t e r n Sr i L a n k a h a v e c o n s i d e r a b l e 
w a t e r h o l d i n g c a p a c i t y , d e p e n d i n g o n t h e d e p t h o f t h e c a b o o k f o r m a t i o n . T h e a q u i f e r f o u n d 
w i t h i n th i s v e s i c u l a r l a t e r i t e r e s p o n d s v e r y r a p i d l y t o t h e in i t i a l r a i n s f o l l o w i n g t h e u s u a l d r y 
s e a s o n o f F e b r u a r y - M a r c h , a n d t h e n k e e p s filling w i t h t h e m o n s o o n r a i n s . 

W h e n c o m p a r e d w i t h t h e M a l a b a r l a n d s c a p e o f K e r a l a , w h i c h is v e r y l a r g e a n d e x t e n s i v e , 

t h e s o u t h - w e s t l a t e r i t e r e g i o n o f Sr i L a n k a is h i g h l y d i s s e c t e d . A s a r e s u l t , t h e w a t e r t a b l e o f 

t h e a q u i f e r in s o u t h - w e s t Sr i L a n k a is e s s e n t i a l l y f r a g m e n t e d i n t o a m e m b e r o f d i s c r e e t l o w 

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

v a l l e y floors. A s s u c h , o n e c o u l d d e m a r c a t e a n d m a p o u t a m o s a i c o f i n t e r c o n n e c t e d a q u i f e r s 

in this l a n d s c a p e r a t h e r t h a n a s i n g l e c o n t i n u o u s a q u i f e r a s in t h e M a l a b a r c o a s t . 
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4 
SHALLOW KARSTIC AQUIFER OF JAFFNA 
PENINSULA 

P r e v i o u s S t u d i e s 

T h i s is t h e m o s t i n t e n s i v e l y u t i l i z e d a q u i f e r in t h e c o u n t r y . It is a l s o t h e m o s t a d e q u a t e l y 
s t u d i e d , w h e r e s c i e n t i f i c s t u d i e s h a v e b e e n c o n d u c t e d b y s e v e r a l p r o f e s s i o n a l s o v e r a p e r i o d 
o f 7 0 y e a r s . 

T h e g r o u n d w a t e r c o n d i t i o n s in t h e Ja f fna p e n i n s u l a w e r e i n i t i a l l y s t u d i e d b y M a h a d e v a 
( 1 9 3 8 ) w h o w a s t h e n D i r e c t o r , P u b l i c W o r k s D e p a r t m e n t , a n d w h o p r e s e n t e d h i s f i n d i n g s 
b e f o r e t h e E n g i n e e r i n g A s s o c i a t i o n o f C e y l o n ( 1 9 3 8 ) . T h e t i t le o f h i s p a p e r w a s The Hydrology 
of Jaffna w i t h p a r t i c u l a r r e f e r e n c e t o t h e J a f f n a w a t e r s u p p l y . W a d i a ( 1 9 4 0 ) , t h e t h e n 
G o v e r n m e n t M i n e r a l o g i s t a n d s u b s e q u e n t D i r e c t o r o f t h e G e o l o g i c a l S u r v e y o f C e y l o n , a g r e e d 
w i t h M a h a d e v a ' s c o n c l u s i o n s in r e g a r d to g e n e r a l p r i n c i p l e s a f t e r h e h a d t o u r e d a n d s t u d i e d 
the g r o u n d c o n d i t i o n s in t h e p e n i n s u l a . 

M a h a d e v a ' s s t u d i e s w e r e b a s e d m a i n l y o n p u m p i n g t e s t s c a r r i e d o u t o n t h e P u t u r d e e p 
w e l l , r e s u l t s o f w h i c h f u r n i s h e d , a c c o r d i n g t o h i m , t h e d a t a r e g a r d i n g t h e h y d r o g e o l o g i c a l 
c o n d i t i o n s o n w h i c h g r o u n d w a t e r c o u l d b e r e c o v e r e d in J a f fna . 

In 1 9 5 2 , S i r i m a n n e w a s t o s u b s e q u e n t l y o b s e r v e , t h a t , " f o r a p r o p e r u n d e r s t a n d i n g o f 
g r o u n d w a t e r c o n d i t i o n s , d e t a i l e d g e o l o g i c a l i n f o r m a t i o n is a n e c e s s a r y p r e l i m i n a r y . S u c h 
i n f o r m a t i o n , in t h e c a s e o f Jaf fna p e n i n s u l a is v e r y m e a g r e , a n d o w i n g t o th i s l a ck o f i n f o r m a t i o n 
t h e r e is a d a n g e r o f o v e r s i m p l i f y i n g t h e a c t u a l c o n d i t i o n s u n d e r w h i c h g r o u n d w a t e r e x i s t s . " 
B a s e d o n h i s field g e o l o g i c a l s t u d i e s , S i r i m a n n e w a s a b l e to s h o w t h a t " a l t h o u g h t h e Ja f fna 
l i m e s t o n e i t s e l f is o f v e r y l o w p r i m a r y p o r o s i t y , it is t r a v e r s e d b y j o i n t p l a n e s , f i s s u r e s , a n d 
c a v i t i e s a n d in s e v e r a l i n s t a n c e s , c a v e r n s o r s o l u t i o n c h a m b e r s o f c o n s i d e r a b l e s i z e , f o r m i n g 
e f f i c i en t r e s e r v o i r s o f f resh g r o u n d w a t e r , at a c c e s s i b l e d e p t h b e l o w t h e g r o u n d " 

B a s e d o n t h e f o r e g o i n g c o n s i d e r a t i o n s , S i r i m a n n e w a s a b l e t o d e v e l o p t h e e x c e l l e n t m a s t e r 

s c h e m a t i c figure 4 . I ( 1 9 5 2 ) , w h i c h c l e a r l y d e m a r c a t e s t h e v a r i o u s i n t e r - r e l a t i o n s h i p s b e t w e e n 

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

s c h e m a t i c F i g u r e ( 4 . 1 ) s h o w n h e r e h e l p s to u n d e r s t a n d t h e g e n e r a l b e h a v i o u r o f t h e m a i n 

a q u i f e r t o g e t h e r w i t h t h e P u t u r w e l l , t h e K e e r i m a l a i s p r i n g s a n d t h e s o l u t i o n c a v e r n s . 
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Figu re 4 : I G r o u n d w a t e r C o n d i t i o n s in t h e Ja f fna pen insu la (after C. H. L. Si r imanne, 1952} 

a - c a l c i c r e d l a to so l b - Ja f fna l i m e s t o n e c - g r a n i t e g n e i s s G W L - g r o u n d w a t e r 

l e v e l , F W Z - z o n e o f f r e s h w a t e r s a t u r a t i o n , B W Z - p r o b a b l e z o n e o f b r a c k i s h w a t e r 

(1 ) d r y w e l l ; (2 ) w e l l o f P u t t u r t y p e ; (3 ) o r d i n a r y s u c c e s s f u l w e l l ; (4 ) s p r i n g o f 
K e e r i m a l a i t y p e ; ( 5 ) s o l u t i o n c a v e r n 

A p u b l i c a t i o n t i t led Ground Water in Jaffna ( 1 9 6 8 ) b y B a l e n d r a n , S i r i m a n n e a n d A r u m u g a m 

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

g r o u n d w a t e r e v a l u a t i o n . 

A c o m p r e h e n s i v e a n d a n a l y t i c a l s t u d y o n t h e Development of Groundwater and its 

Exploitation in the Jaffna Peninsula w a s m a d e b y S . A r u m u g a m ( 1 9 7 0 ) w h o m a d e h i s 

p r e s e n t a t i o n t o t h e I n s t i t u t e o f E n g i n e e r s . T h i s b r i e f p u b l i c a t i o n o f 6 2 p a g e s c o v e r s t h e m a i n 

a s p e c t s o f t h e Ja f fna a q u i f e r . 

A t h r e e p a r t r e p o r t o f t h e s a l t w a t e r , f resh w a t e r i n t e r f a c e in t h e J a f fna p e n i n s u l a h a s 

b e e n p r e p a r e d b y B a l e n d r a n ( 1 9 6 6 , 1 9 6 8 , 1 9 6 9 . ) 

C o n s e q u e n t t o a v i s i t t o t h e Jaf fna p e n i n s u l a , G o l d b e r g ( 1 9 7 4 ) c o n c l u d e s tha t " t h e r e a p p e a r s 

to b e n o e c o n o m i c m e a n s o f c o n t r o l l i n g o r r e d u c i n g t h i s l o s s ( g r o u n d w a t e r d i s c h a r g e to t h e 

s e a ) b e c a u s e o p t i m u m u t i l i z a t i o n o f t h e a v a i l a b l e r e s o u r c e s h a s a l r e a d y b e e n p a s s e d " 

W i j e s i n g h e ( 1 9 7 5 ) h a s p u b l i s h e d a b r i e f r e p o r t o n t h e u n d e r g r o u n d w a t e r r e s o u r c e s o f t h e 

Ja f fna p e n i n s u l a f r o m t h e p e r s p e c t i v e o f k n o w l e d g e o f tha t p e r i o d . 
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M a i n P r o p e r t i e s o f A q u i f e r 

Geology 

T h e Ja f fna p e n i n s u l a is u n d e r l a i n b y Ja f fna l i m e s t o n e o f e a r l y M i o c e n e a g e . T h e l i m e s t o n e is 

t y p i c a l l y a c o m p a c t , h a r d , p a r t l y c r y s t a l l i n e r o c k . It is m a s s i v e in p l a c e s b u t s o m e l a y e r s a r e 

f o s s i l i f e rous a n d w e a t h e r e d in to a h o n e y c o m b e d m a s s ( C o o r a y , 1 9 8 4 ) . T h e f o r m a t i o n is 

a l m o s t flat b e d d e d , b u t m a y h a v e a s l i gh t r e g i o n a l d i p t o t h e w e s t , a n d c o n s e q u e n t l y it t h i c k e n s 

t o t h e w e s t . It h a s a v e r t i c a l t h i c k n e s s o f a t l e a s t s e v e r a l h u n d r e d fee t , a n d a t o n e d r i l l i n g s i t e 

in t h e s o u t h e a s t e r n p a r t o f t h e p e n i n s u l a a t Pa l la i it w a s f o u n d to b e ( 2 7 0 ft) 9 0 m t h i c k , a n d 

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

In p l a c e s t h e l i m e s t o n e is w e l l j o i n t e d , a n d aer ia l p h o t o g r a p h s i n d i c a t e a r e c t a n g u l a r f rac tu re 

pa t t e rn w i t h t h e p r i n c i p a l d i r e c t i o n s b e i n g N W - S E , a n d N W - S W ( C o o r a y , 1 9 8 4 ) . A t y p i c a l red 

soil ( ca l c i c red l a toso l ) o v e r l i e s t h e l i m e s t o n e n e a r l y e v e r y w h e r e in t h e p e n i n s u l a a n d is g e n e r a l l y 

0 . 6 t o 2.1 m t h i c k . S a n d a n d d u n e d e p o s i t s a s m u c h a s 2 0 m t h i c k o v e r l i e t h e l i m e s t o n e a l o n g 

t h e e a s t e r n e d g e o f t h e p e n i n s u l a e s p e c i a l l y b e t w e e n N a g a r K o v i l a n d C h e m p i y a n p a t t u . 

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

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

a b o u t 6 0 to 9 0 m f r o m t h e s h o r e . 

Hydrology 

Rain fa l l is t h e o n l y s o u r c e o f al l g r o u n d w a t e r in t h e J a f fna p e n i n s u l a . R a i n f a l l r e c o r d s a r e 

a v a i l a b l e for J a f fna t o w n for a n u n b r o k e n p e r i o d o f 1 0 0 y e a r s . T h e s e a s o n a l r a in fa l l e x h i b i t s 

a d e f i n i t e r h y t h m , w i t h t h e n o r t h e a s t m o n s o o n a l r a in fa l l f rom O c t o b e r t o J a n u a r y m a k i n g u p 

a r o u n d 8 2 p e r c e n t o f t h e m e a n a n n u a l ra infa l l o f 1 ,250 m m . F e b r u a r y t o M a r c h a n d J u n e t o 

A u g u s t a r e d r y m o n t h s , a n d a n n u a l e v a p o r a t i o n a m o u n t s t o 2 0 0 0 m m . T h e y e a r - t o - y e a r 

v a r i a t i o n for t h e p e n i n s u l a is h i g h , w i t h a l o w o f 6 2 5 m m r e c o r d e d in t h e y e a r s 1 8 7 5 a n d 1 9 6 3 , 

a n d a h i g h o f 1 7 5 0 m m r e c o r d e d in t h e y e a r s 1885 a n d 1 9 3 2 r e s p e c t i v e l y . 

T h e ra infa l l i n f i l t r a t e s i n t o t h e t h i n , w e l l d r a i n e d soi l ( c a l c i c r e d - l a t o s o l s ) a n d m o v e s d o w n 

i n t o t h e r o c k o p e n i n g s a n d t h e n i n t o t h e z o n e o f s a t u r a t i o n . R e c h a r g e t o t h e a q u i f e r o c c u r s 

m a i n l y d u r i n g t h e n o r t h - e a s t m o n s o o n s e a s o n in O c t o b e r - J a n u a r y . W a t e r t a b l e l e v e l s r i s e 

f rom a l o w in A u g u s t t o a h i g h in J a n u a r y . 

T h e Ja f fna l i m e s t o n e is t h e p r i n c i p a l s o u r c e o f w a t e r s u p p l y in t h e J a f fna p e n i n s u l a . T h e 

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

h a v e b e e n e n l a r g e d b y s o l u t i o n o f t h e l i m e s t o n e . V i s i b l e k a r s t f e a t u r e s i n c l u d e s i n k h o l e s a n d 

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

T h e s e w a t e r m o u n d s r e a c h t h e i r p e a k d u r i n g N o v e m b e r - D e c e m b e r , a n d r e a c h a n e l e v a t i o n 

o f a r o u n d 5 m a b o v e m . s . l . in c e r t a i n a r e a s . T h e s e l e n s e s o f f resh w a t e r r e a c h a s d e e p as 3 5 

m b e l o w m . s . l . in t h e c e n t r a l p o r t i o n o f t h e p e n i n s u l a . 



6 4 C. R.Panabokke 

T h e t h i c k n e s s a n d s h a p e o f t h e s e f r e s h w a t e r l e n s e s in t h e J a f f n a p e n i n s u l a h a v e ye t to b e 

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

t h e f r e s h w a t e r t ha t is s u p p o r t e d b y t h e h e a v i e r sea w a t e r , f o r m i n g a s h a p e l ike a l e n s . T h i s 

u n d e r g r o u n d f resh w a t e r l ens b e c o m e s t h i c k e r in r a i n y w e a t h e r a n d f l a t t ens o u t a s t h e fresh 

w a t e r g e t s d r a w n o u t b y p u m p s o r o t h e r d e v i c e s . T h e t h i c k n e s s o f t h e l ens o f f r e s h w a t e r at 

a n y i n s t a n t in a l o c a l i t y is d e p e n d e n t o n t h e h e i g h t of*the w a t e r t a b l e a b o v e s e a l eve l a s t h e 

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

l ens a c c o r d i n g to t h e G y b e n - H e r z b e r g r e l a t i o n s h i p . 

In t h e s o u t h e r n w e s t e r n p a r t o f t h e p e n i n s u l a a n d at T h o n d a m a n n a r in t h e n o r t h - c e n t r a l 

p a r t , the l o c a t i o n o f t h e t o p o f t h e z o n e o f d i f fu s ion a c c o r d s r e a s o n a b l y w e l l w i t h t h e G y b c n -

H e r z b e r g p r e d i c t i o n . In t h e s o u t h w e s t , t h e i n t e r f a c e is a t a b e l o w 21 m ( 7 0 ft) b e l o w m . s . l . 

a n d t h e w a t e r t a b l e r a n g e d f rom 0 .3 to 0 .6 m (1 t o 2 ft) a b o v e m . s . l . A t T h o n d a m a n n a r t h e 

i n t e r f a c e is l o c a t e d a t 1 0 m ( 3 3 fl) b e l o w m . s . l . a n d t h e w a t e r t a b l e a l t i t u d e w a s 0 . 2 m ( 0 . 7 ft) 

a b o v e m . s . l . 

Groundwater Recharge and Discharge 

A v e r y g e n e r a l i z e d a n d t e n t a t i v e w a t e r b a l a n c e w a s p r e p a r e d b y B a l e n d r a n a n d o t h e r s in 

1 9 6 8 , in w h i c h t h e y e s t i m a t e that t h e a n n u a l c o n s u m p t i o n o f w a t e r for d o m e s t i c a n d ag r i cu l t u r a l 

u s e w a s a r o u n d 4 0 , 0 0 0 a c r e feet p e r a n n u m . T h e r e - c h a r g e f r o m r a i n f a l l d u r i n g a n o r m a l y e a r 

s u c h as 1 9 6 6 is 9 0 , 0 0 0 a c r e feet , w h i l e in a l e an y e a r a s in 1 9 6 5 , t h e r e c h a r g e a v a i l a b l e f rom 

ra infa l l w a s o n l y 5 0 , 0 0 0 a c r e feet . 

A l a t e r e s t i m a t e o f w i t h d r a w a l f rom w e l l s b y T. G u n a s e g a r a m ( 1 9 8 3 ) g i v e s a figure o f 

4 5 , 0 0 0 a c r e feet in 1 9 7 6 . V i s i b l e s p r i n g s a n d s e e p s a r e l o c a t e d m a i n l y a l o n g a four m i l e 

s t r e t c h o f t h e n o r t h s h o r e b e t w e e n K e e r i m a l a i a n d t w o m i l e s e a s t o f K a n k e s a n t u r a i . To ta l 

a m o u n t f l ow o f t h e s e v i s i b l e s p r i n g s a n d s e e p s is e s t i m a t e d a l 7 , 5 0 0 a c r e feet b y G u n a s e g a r a m 

( 1 9 8 3 ) . 

S u b s e q u e n t e s t i m a t e s m a d e in 1 9 7 7 i n d i c a t e an a n n u a l d i s c h a r g e o f 1 ,500 a c r e feet f rom 

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

s p r i n g s is a b o u t 2 .5 k m 2 o r 1 s q . m i l e . T h e w a t e r t a b l e m a p for A u g u s t s h o w s tha t a w a t e r 

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

e x p l a i n s w h y K e e r i m a l a i c o n t i n u e s t o f l ow w h e n al l o t h e r s p r i n g s a n d s e e p s a r e d ry . T h e s e 

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

b e e n e s t i m a t e d at a r o u n d 6 , 0 0 0 a c r e feet / y r b y G a n e s h a l i n g a m ( p e r s o n a l c o m m u n i c a t i o n , 

1977) 

In s u m it c o u l d b e s t a t e d tha t r e c h a r g e to the a q u i f e r is f rom m o n s o o n a l r a i n s d u r i n g 

O c t o b e r - D e c e m b e r . T h i s f r e s h w a t e r f o r m s a c o m p l e x o f f e n s e s u p t o 2 5 m ( 8 0 ft) t h i ck o v e r l y i n g 

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

m o n s o o n r a i n s a p p e a r s t o b e s m a l l . 
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S p e c 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 

T h e P u t t u r w e l l is s i t u a t e d a l m o s t in t h e c e n t r e o f t h e p e n i n s u l a a n d is o n a r o c k y w a s t e , t h e 

w e l l s i t e b e i n g a b o u t 17 feet a b o v e m . s . l . It is p o p u l a r l y r e f e r r e d t o a s t h e " b o t t o m l e s s w e l l " 

b e c a u s e it n e v e r s e e m s to r u n d ry . T h e w e l l is in t h e m o u t h o f a l a r g e u n d e r g r o u n d c a v e r n in 

t h e l i m e s t o n e t h e f loor o f w h i c h is 145 feet b e l o w t h e s u r f a c e a s s e e n in F i g u r e 4". 1. It h a s 

b e e n i n v e s t i g a t e d b y v a r i o u s e n g i n e e r i n g b o d i e s f rom t i m e t o t i m e , d u r i n g t h e p a s t 120 y e a r s . 

Y ie ld t e s t s w e r e c a r r i e d o u t in 1 8 9 0 , 1 8 9 4 a n d 1 8 9 6 . 

A s r e p o r t e d b y S i r i m a n n e ( 1 9 5 2 ) t h e t h i c k n e s s o f t h e f resh w a t e r z o n e h e r e is a b o u t 8 0 

feel a n d th i s r e s t s o n a b r a c k i s h w a t e r z o n e n e a r l y 5 0 feet t h i c k ; sa l t w a t e r is p r e s e n t b e l o w 

130 feet . T e s t p u m p i n g in 1 9 4 6 y i e l d e d 1 5 0 , 0 0 0 g a l l o n s o f w a t e r p e r d a y for o n e w e e k . T h e 

leve l o f t h e w a t e r s u r f a c e r e m a i n e d t h e s a m e a f t e r t h e t es t a s b e f o r e it ; b u t t h e r e l a t i v e 

t h i c k n e s s o f t h e f resh a n d b r a c k i s h w a t e r h a d c h a n g e d to 5 0 feet a n d 6 0 feet r e s p e c t i v e l y , a n d 

t h e sa l t w a t e r l eve l h a d r i s e n 2 0 0 feet a b o v e its n o r m a l l e v e l . 

P r e s e n t U t i l i z a t i o n a n d M a n a g e m e n t I s s u e s 

H u m a n s e t t l e m e n t h a s b e e n t a k i n g p l a c e in t h e J a f fna p e n i n s u l a f r o m t h e e a r l y t o m i d d l e 

H i s t o r i c p e r i o d s . O v e r t h i s e a r l y p e r i o d a n i n t e n s i v e s y s t e m o f l a n d u s e b a s e d o n a f ruga l u s e 

o f the u n d e r l y i n g g r o u n d w a t e r r e s o u r c e s h a d b e e n p e r f e c t e d . T h i s i n t e n s i v e s m a l l s c a l e i r r iga ted 

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

m h o t e s a n d w e l l s w e e p s . B y t h e la te 1 9 6 0 ' s t h e o v e r a l l p i c t u r e i n d i c a t e d an a l m o s t full 

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

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

g r o u n d w a t e r , for b o t h d o m e s t i c a n d a g r i c u l t u r a l u s e . 

W i t h t h e i n c r e a s e in s u b u r b a n h o u s i n g , t o g e t h e r w i t h r a p i d i n c r e a s e in u s e o f w a t e r p u m p s 

for l i f t ing w a t e r , a s e r i o u s i m b a l a n c e b e t w e e n c o n s u m p t i o n r a t e a n d r e p l e n i s h m e n t r a te h a s 

t a k e n p l a c e , a s r e p o r t e d b y B a l e n d r a n ( 1 9 6 9 ) . T h e s h a l l o w a q u i f e r is n o w s t r e s s e d b o t h in its 

q u a l i t y a s w e l l a s in i ts q u a n t i t y . 

M o n i t o r i n g s t u d i e s c o n d u c t e d b y t h e W R B f rom t h e 1 9 7 0 ' s h a v e c o n f i r m e d t h e s i g n i f i c a n t 

i m b a l a n c e b e t w e e n t h e d r a w - o f f a n d t h e r e c h a r g e r a t i o . T h e s e s t u d i e s a l s o s h o w t h a t t h e 

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

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

A p p r o x i m a t e l y 8 0 p e r c e n t o f t h e g r o u n d w a t e r o f t h e J a f fna p e n i n s u l a is u s e d for h i g h 

v a l u e a g r i c u l t u r e a n d t h e r e m a i n i n g 2 0 p e r c e n t is u s e d for d o m e s t i c r e q u i r e m e n t s , i n c l u d i n g 

s e p t i c t a n k f l u s h i n g d e m a n d s . W a t e r q u a l i t y s t u d i e s c a r r i e d o u t f r o m t h e e a r l y 1 9 8 0 ' s h a v e 

s h o w n e n h a n c e d l e v e l s o f n i t r a t e p o l l u t i o n a s d e m o n s t r a t e d b y N a g a r a j a h e t a l . ( 1 9 8 8 ) , w h e r e 

t h e n i t r a t e l e v e l s r e c o r d e d e x c e e d t h e W H O s t a n d a r d l i m i t s for p o t a b l e w a t e r in t h e m o r e 

d e n s e l y s e t t l e d a r e a s o f t h e p e n i n s u l a . 
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5 

CONFINED AND SEMI-CONFINED DEEP 
AQUIFERS OF THE NORTH WESTERN 
SEDIMENTARY FORMATIONS 

P r e v i o u s I n v e s t i g a t i o n s a n d S t u d i e s 

T h e s e d i m e n t a r y f o r m a t i o n s in t h e n o r t h w e s t c o a s t a l p l a i n o f t h e c o u n t r y , s t r e t c h i n g f rom 
P u t t a l a m n o r t h w a r d s to Ja f fna , h a d a l w a y s b e e n e x p e c t e d t o h a v e in s t o r e a p p r e c i a b l e a m o u n t s 
o f f resh w a t e r , w h i c h c o u l d b e e x p l o i t e d for a g r i c u l t u r a l p u r p o s e s . 

In 1 9 6 3 , K u r t M e n d e l , an I s rae l i e x p e r t o n c i t r u s i d e n t i f i e d t h e r e d l a t o s o l a r e a a r o u n d 
Vanathavi l lu a s the m o s t su i t ab l e e n v i r o n m e n t for i r r igated c i t rus cu l t i va t ion . A dr i l l ing exp lo ra t i on 
p r o g r a m m e w a s c o n s e q u e n t l y d r a w n u p in 1965 to i n v e s t i g a t e t h e g r o u n d w a t e r r e s o u r c e s o f 
t h e a r e a . A t t h e s a m e t i m e p r o p o s a l s for t h e l a r g e s c a l e c u l t i v a t i o n o f c i t r u s , t o b e i r r i g a t e d b y 
g r o u n d w a t e r , w e r e a l s o b e i n g m a d e . 

A s a r e s u l t o f t h e e x p l o r a t o r y d r i l l i n g p r o g r a m m e , c a r r i e d o u t b y t h e I r r i g a t i o n D e p a r t m e n t 
w i t h t h e a s s i s t a n c e o f I s rae l i e x p e r t s , d e e p g r o u n d w a t e r w a s r a i s e d for t h e first t i m e in th i s 
c o u n t r y , in J u l y 1 9 6 6 . O v e r 2 3 dr i l l h o l e s w e r e d o n e in a n a r e a o f 2 0 sq . m i l e s b y o f f i ce r s o f 
t h e I r r iga t ion D e p a r t m e n t , w i t h w h o m w e r e a s s o c i a t e d Israel i e x p e r t s . T h e V a n a t h a v i l l u a q u i f e r 
w a s t h e r e b y p r o p e r l y i d e n t i f i e d a n d c h a r a c t e r i z e d . A 2 0 to 5 0 ft d e p t h o f red l a to so l soi l 
o v e r l i e s a l a y e r o f s a n d , s i l t a n d c l a y e x t e n d i n g t o 2 0 0 feet t o 3 0 0 feet d e p t h . T h i s l a t t e r l a y e r 
h a s b e e n n a m e d t h e Moongil Aru formation, in v i e w o f t h e p r e s e n c e o f t h e M o o n g i l A m 
s t r e a m in t h e a r e a . T h i s f o r m a t i o n c o n f i n e s t h e w a t e r f o u n d in t h e l o w e r f o r m a t i o n . 

T h e l i m e s t o n e f o u n d b e l o w th i s M o o n g i l A r u f o r m a t i o n , w h i c h is 3 0 t o 8 0 ft t h i c k , h a s b e e n 
d e s c r i b e d a s h a r d , fine g r a i n e d , a n d h a s b e e n d e s i g n a t e d a s t h e V a n a t h a v i l l u l i m e s t o n e , t o 
d i s t i n g u i s h it f rom t h e Jaf fna M i o c e n e l i m e s t o n e t y p e . T h e V a n a t h a v i l l u l i m e s t o n e is p e r m e a b l e 
a n d it c o n t a i n s w a t e r . 

T h e M a n n a r s a n d s t o n e f o r m a t i o n is f o u n d b e l o w t h i s , f rom a b o u t 3 0 0 feet b e l o w s e a l eve l 

d o w n to b a s e m e n t r o c k at a b o u t 6 0 0 ft a n d is t h e m o s t i n t e r e s t i n g , f r o m t h e p o i n t o f v i e w o f 

w a t e r b e a r i n g . It is c o m p o s e d o f s a n d y l i m e s t o n e a n d c a l c a r e o u s s a n d - s t o n e s , w h i c h a r e v e r y 

p o r o u s a n d h a v e a s p o n g e l i k e a p p e a r a n c e . T h i s s a n d s t o n e f o r m a t i o n is t h e m a i n s o u r c e o f 



68 C . R. Panabokke 

g r o u n d w a t e r s u p p l y in t h i s a r e a . T h e b a s e m e n t r o c k w a s r e a c h e d a t 5 8 0 f t ; a n d t h e b a s e m e n t 
w a s n o t e d t o b e s l o p i n g w e s t w a r d s a t a b o u t 2 0 0 fl in a m i l e . 

T h e V a n a t h a v i l l u l i m e s t o n e a n d t h e M a n n a r s a n d s t o n e f o r m a t i o n a r e v e r y g o o d a q u i f e r s , 
a n d it h a s b e e n c o m p u t e d t h a t b e t w e e n t h e s e t h e r e is l i k e l y t o b e a s m u c h a s 6 0 0 , 0 0 0 a c r e 
fee t o f g r o u n d w a t e r i n s t o r a g e . This was the first t ime in this country that a deep 
groundwater aquifer was identified and proved in terms of its depth and amount of 
exploitable groundwater . 

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

K a r a i t i v u f l o w i n g w e l l a n d t h e E l a v a n k u l a m f l o w i n g w e l l , w h i c h s t i l l f u n c t i o n in t h i s a r e a . 
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T h e f o r e g o i n g i n v e s t i g a t i o n s h a v e b e e n r e p o r t e d b y S i r i m a n n e ( 1 9 6 8 ) , W i j e s i n g h e ( 1 9 7 3 ) , 
L a w r e n c e a n d D h a r m a g u n a w a r d e n a ( 1 9 8 1 ) , M o r r i s a n d W i j e s e k e r a ( 1 9 8 1 ) , D a v i e s ( 1 9 8 3 ) , 
a n d D a v i e s a n d H e r b e r t ( 1 9 8 8 ) . T h e s e s t u d i e s h a v e h e l p e d to d e v e l o p a m u c h c l o s e r 
u n d e r s t a n d i n g o f t h e n a t u r e o f t h e c o n f i n e d a n d s e m i - c o n f i n e d a q u i f e r s o f t h e n o r t h w e s t e r n 
r eg ion . 

A n u m b e r o f d i s t i nc t a n d c o n f i n e d aqu i fe r s o c c u r w i th in the s e d i m e n t a r y l i m e s t o n e - s a n d s t o n e 
f o r m a t i o n s a l o n g t h e n o r t h w e s t e r n a n d n o r t h e r n c o a s t a l p l a i n s . I n t e r m i t t e n t t e c t o n i c a c t i v i t y , 
h a s g i v e n r i se t o f au l t i ng , f o l l o w e d b y s l o w a n d c o n t i n u o u s upl i f t . T h e s e d i m e n t a r y l i m e s t o n e -
s a n d s t o n e f o r m a t i o n is h i g h l y f au l t ed , a n d it s e p a r a t e s t h e a q u i f e r i n t o a s e r i e s o f i s o l a t e d 
b l o c k s , t h u s f o r m i n g a n u m b e r o f s e p a r a t e g r o u n d w a t e r b a s i n s . 

S e v e n d i s t i n c t a q u i f e r b a s i n s h a v e b e e n i d e n t i f i e d , s t u d i e d a n d m a p p e d at d i f f e r e n t s c a l e s 
o v e r t h e p e r i o d e x t e n d i n g f rom t h e l a t e 1 9 6 0 ' s to t h e m i d - 1 9 8 0 ' s . F r o m s o u t h t o n o r t h t h e s e 
s e v e n s e m i - c o n f i n e d a q u i f e r s a r e s h o w n in F i g u r e 5.1 

H a p u g a s k u m b u r a ( 1 9 9 7 ) h a s c a t e g o r i z e d t h e s e a q u i f e r s a s f o l l o w s : 

Palavi Madurankuli Aquifer - Semi Confined (SCA) 
Vanathavillu Aquifer - Semi Confined (SCA) 
Kondachchi Aquifer - Semi Confined (SCA) 
Murunkan Aquifer - Semi Confined (SCA) 

H y d r o g e o l o g y o f t h e A q u i f e r s 

Mulankavil aquifer - Unconfined (UA) 
Paranthan Aquifer - Unconfined (UA) 
Mullaitivu Aquifer - Unconfined (UA) 

T h e h y d r o g e o l o g y o f t w o o f t h e l a r g e r a n d m o r e i m p o r t a n t g r o u n d w a t e r b a s i n s a r e d i s c u s s e d 
in de t a i l in t h i s s e c t i o n , a n d a g e n e r a l d i s c u s s i o n o f t w o o t h e r s a r e a l s o i n c l u d e d . 

( a ) V a n a t h a v i l l u B a s i n In t h e p r e c e d i n g s u b s e c t i o n o f t h i s C h a p t e r s o m e o f t h e m o r e 
r e l e v a n t f e a t u r e s o f t h e V a n a t h a v i l l u l i m e s t o n e , t h e M o o n g i l A r u f o r m a t i o n a n d t h e M a n n a r 
s a n d s t o n e h a v e b e e n d e s c r i b e d . T h e M i o c e n e l i m e s t o n e h a s b e e n u p l i f t e d a l o n g a m a j o r 
g e o l o g i c a l fault in t h e n o r t h w e s t , t h r o u g h A r u w a k k a l u r i s i n g t o a b o u t 6 7 m e t r e s n e a r t h e 
c o a s t . T h e o c c u r r e n c e o f vi l l i in t h i s a r e a is an i n d i c a t i o n o f c o l l a p s e d c a v e r n s a n d s i n k h o l e s 
in t h e u n d e r l y i n g f o r m a t i o n s . 

In t h e V a n a t h a v i l l u a r e a , t h e w e s t e r l y d i p p i n g P r e c a m b r i a n B a s e m e n t c o m p l e x , is 
u n c o n f o n n a b l y o v e r l a i n b y t h e M a n n a r s a n d s t o n e . T h e s a n d s t o n e h a s a g r a d a t i o n a l c o n t a c t 
w i t h t h e o v e r l y i n g M i o c e n e l i m e s t o n e r e f e r r ed t o a s t h e V a n a t h a v i l l u l i m e s t o n e , w i t h i n t h e 
bas in . 

T h e u p p e r p a r t o f t h e l i m e s t o n e is h i g h l y k a r s t i c . a n d t h e l i m e s t o n e s e q u e n c e w e d g e s o u t 
to t h e e a s t , a n d t h e M a n n a r s a n d s t o n e is d i r e c t l y o v e r l a i n b y t h e M o o n g i l A r u f o r m a t i o n . T h e 
M i o c e n e s t r a t a is c o n f i n e d o v e r t h e w h o l e b a s i n b e n e a t h a t h i c k s e q u e n c e o f c l a y s a n d s a n d s 
o f t h e M o o n g i l A r u f o r m a t i o n . T h e k a r s t i c h o r i z o n s o f t h e u p p e r l i m e s t o n e e x h i b i t d o m i n a n t l y 
fissure f low, a n d t h e b a s a l m e m b e r s i n c l u d i n g t h e c a l c a r e o u s s a n d s t o n e s e x h i b i t g r a n u l a r 
f low. P l o w i n g a r t e s i a n c o n d i t i o n s e x i s t in t h e w e s t e r n a n d n o r t h e r n a r e a s o f t h e b a s i n . 
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A c o n c e p t u a l s k e t c h o f t h e m a i n l i m e s t o n e a q u i f e r a n d i ts r e l a t i o n s h i p t o t h e s a n d s t o n e s 

a n d t h e b a s e m e n t h a r d r o c k is s h o w n in F i g u r e 5 . 2 . 

T h e p i e z o m e t r i c m a p o f t h e l i m e s t o n e s h o w s g r o u n d w a t e r f l o w i n g to t h e n o r t h a n d t h e 
w a t e r l eve l m a p o f t h e M o o n g i l A r u f o r m a t i o n s h o w s t h e g r o u n d w a t e r f l o w i n g to t h e s o u t h 
a n d w e s t . T h e M o o n g i l A r u a q u i f e r s h o w s a r a p i d r e s p o n s e t o r a in fa l l w i t h a p e a k w a t e r l eve l 
b e i n g r e a c h e d in D e c e m b e r / J a n u a r y i n d i c a t i n g t h e u n c o n f m e d n a t u r e o f t h e aqu i f e r . T h e 
c o n f i n e d l i m e s t o n e a q u i f e r r e a c h e s i ts p e a k w a t e r l e v e l s in A p r i l / M a y . 

M e a s u r e d t r a n s m i s s i v i t i e s s h o w a l o w v a l u e in t h e m a r g i n s o f t h e b a s i n . M o d e r a t e to h i g h 

t r a n s m i s s i v i t y v a l u e s ( 5 0 0 m 2 / d ) a r e r e c o r d e d in a n a r r o w be l t in t h e c e n t r a l p a r t o f t h e b a s i n . 

T h e a n n u a l r e c h a r g e t o t h e l i m e s t o n e a q u i f e r h a s b e e n e s t i m a t e d at 7 .3 m e m a n d o f t h i s 4 

m e m is a v a i l a b l e for sa fe e x t r a c t i o n , a n d 1.2 m e m is b e i n g c u r r e n t l y e x t r a c t e d for a g r i c u l t u r e . 

( b V M u r u n k a n B a s i n T h i s g r o u n d w a t e r b a s i n h a s b e e n s y s t e m a t i c a l l y i n v e s t i g a t e d a n d 
s t u d i e d , i n i t i a l ly b y t h e G r o u n d w a t e r D i v i s i o n o f t h e I r r i ga t i on D e p a r t m e n t a n d s u b s e q u e n t l y 
b y t h e W R B . T h e f i n d i n g s a n d p u b l i c a t i o n s o f W i j e s i n g h e 1 9 7 7 a r e o f s p e c i a l s i g n i f i c a n c e in 
th i s r e g a r d . 

T h e M u r u n k a n bas in is loca ted in land o f M a n n a r , a n d is b o u n d e d b y t h e A r u vi A r u ( M a l w a t h u 
O y a ) to t h e s o u t h , t h e c o a s t t o t h e w e s t , t h e N a y A r u to t h e n o r t h a n d M a d h u r o a d to t h e 
M a d h u o n t h e eas t . T h e e a s t e r n s e g m e n t o f t h i s b a s i n is j u n g l e c o v e r e d a n d c o m p r i s e s o f 
h i g h l y p e r m e a b l e r e d l a to so l s o i l s , w h i l e t h e w e s t e r n s e g m e n t - i s m o s t l y c u l t i v a t e d a n d is 
c o v e r e d b y h e a v y c l a y m o n t o m o r r i l l o n i t i c s o i l s ( G r u m u s o l s ) . 

W i t h i n t h e M u r u n k a n b a s i n , t h e P r e c a m b r i a n b a s e m e n t c o m p l e x is u n c o n f o r m a b l y o v e r l a i n 

b y M a n n a r s a n d s t o n e w h i c h is c o m p o s e d o f a s e r i e s o f c o n g l o m e r a t e s a n d s a n d s t o n e s . T h e 

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

Figure 5 . 2 Conceptual riodel of the Vanathavillu aquifer 
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l i m e s t o n e . A t en m e t r e t h i c k s e q u e n c e o f sof t y e l l o w f a s i l l i f e rous l i m e s t o n e c o n t a i n i n g c o r a l s 

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

A d e t a i l e d s t u d y m a d e b y W i j e s i n g h e ( 1 9 7 7 ) s h o w s t h a t t h e h i g h l y k a r s t i c l i m e s t o n e , l y i n g 

at a d e p t h o f 4 5 feet b e l o w m . s . l . , is c o v e r e d b y P l e i s t o c e n e c l a y d e p o s i t s , w i t h a n a v e r a g e 

t h i c k n e s s o f 6 0 fee t , a s s h o w n in F i g u r e 5 . 3 . O w i n g to its i m p e r m e a b l e n a t u r e , t h e c l a y c o v e r 

h a s r e s u l t e d in a c o n f i n e d o r s e m i - c o n f i n e d a q u i f e r b e i n g p r e s e n t in t h e l i m e s t o n e . A c c o r d i n g 

to W i j e s i n g h e ( 1 9 7 7 ) " t h e t h i c k n e s s o f t h e l i m e s t o n e a q u i f e r r a n g e s f r o m 3 0 0 to o v e r 1 ,000 

feet . S y s t e m a t i c i n v e s t i g a t i o n s c a r r i e d o u t o n th i s b a s i n s i n c e 1971 h a s s h o w n t h a t it h a s a 

p ro l i f i c s t o r a g e a n d a v e r y h i g h t r a n s m i s s i v i t y v a l u e s r a n g i n g f rom 3 1 0 , 0 0 0 to 1 , 595 ,000 g p d . 

T h e r e is l i t t le o r n o d i r e c t d i s c h a r g e t o t h e s e a , a n d e x c e s s i v e p u m p i n g t e s t s h a v e r e s u l t e d in 

n e g l i g i b l e d r a w d o w n " . 

( c ) Silavathurai Basin is l o c a t e d b e y o n d t h e W i l p a t t u N a t i o n a l P a r k , a n d s i t u a t e d 

b e t w e e n K a l A r u a n d A r u v i A r u ( M a l w a t h u O y a ) . A w e l l w a s d r i v e n a b o u t 2 0 0 feet d e e p a t 

K o n d a c h c h i n e a r S i l a v a t h u r a i in 1 9 6 6 a n d th i s w a s f o l l o w e d b y n i n e t e e n b o r e h o l e s . T h e 

t y p i c a l red l a to so l s u r f a c e so i l is b e t w e e n 5 7 to 1 0 0 feet in d e p t h in th i s a r e a , a n d th i s is 

u n d e r l a i n b y a t h i n l a y e r o f r e s i d u a l c l a y e y so i l f o l l o w e d b y t h e V a n a t h a v i l l u l i m e s t o n e a n d 

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

w a t e r w a s p o o r , w i t h c h l o r i d e c o n t e n t o f o v e r 1 0 0 0 p p m . T h e S t a t e P l a n t a t i o n s C o r p o r a t i o n 

e s t a b l i s h e d a l a r g e c a s h e w p l a n t a t i o n at t ha t t i m e , a n d w a t e r f r o m t h e s e w e l l s w e r e u s e d for 

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

( d ) Mulankavil Basin N o t r u e g e o l o g i c a l b a s i n is e v i d e n t a l t h o u g h t h i s is r e f e r r e d to 

a s t h e M u l a n k a v i l b a s i n . Pali A r u in t h e s o u t h , i n l a n d l i m e s t o n e b o u n d a r y in t h e eas t , l o w ly ing 

s a l t flats in t h e n o r t h a n d t h e s e a in t h e w e s t d e f i n e s t h e b o u n d a r y o f t h i s a q u i f e r . A n o t e w o r t h y 

f ea tu re o f t h i s a r e a is a low, N N W - S S E t r e n d i n g r o u n d e d ridge e x t e n d i n g f r o m V e l l a n k u l a m to 

H0KZONTAL SCALE 

p o a to rp 3p q 

Figure 5 . 3 Geological cross section across Murunkan basin 
(after M. W. P. Wijesinghe, 1973) 
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t h e s e a at N a c h i K u d a , a n d h a v i n g a m a x i m u m e l e v a t i o n o f o v e r 7 5 feet ( 2 5 m ) a b o v e m. s . l . 
T h e soi l c o v e r h e r e is d o m i n a n t l y r e d a n d y e l l o w l a t o s o l s . T h e t i l t ed c r y s t a l l i n e b a s e m e n t 
c o m p l e x is d i r e c t l y o v e r l a i n b y a s e q u e n c e o f f r i ab le s a n d s t o n e s , c a l c a r e o u s s a n d s t o n e s a n d 
s a n d y l i m e s t o n e s a b o v e . T h e e n t i r e s e d i m e n t a r y s e q u e n c e t h i c k e n s , a n d d i p s g e n t l y to t h e 
wes t . Kars t i c w e a t h e r i n g o f t h e l i m e s t o n e is p r e d o m i n a n t l y in the w e s t e r n par t . H y d r o g e o l o g i c l l y , 
t h i s s e d i m e n t a r y a q u i f e r s y s t e m c a n b e d i v i d e d in to a w e s t e r n p a r t a n d an e a s t e r n p a r t . 

W a t e r l e v e l s w e r e s y s t e m a t i c a l l y m o n i t o r e d d u r i n g t h e 1 9 7 9 / 1 9 8 0 p e r i o d . M o s t w e l l s in 
t h e w e s t e r n p a r t r e s p o n d r a p i d l y to o n s e t o f Malta r a i n s , w h i c h i n d i c a t e s t h e u n c o n f i n e d 
n a t u r e o f t h e a q u i f e r . T h e d i s t r i b u t i o n o f t r a n s m i s s i v i t y in t h e b a s i n s h o w s a d o m i n a n t k a r s t i c 
l i m e s t o n e f i s su re f l ow in t h e w e s t e r n pa r t , a n d a d o m i n a n t n o n - k a r s t i c i n t e r g r a n u l a r f l ow in 
t h e e a s t e r n pa r t . 

B a s e d on r e c h a r g e a n d t h r o u g h f low s t u d i e s , it is e s t i m a t e d tha t 1.5 m e m o f g r o u n d w a t e r 
is a v a i l a b l e a n n u a l l y for sa fe e x t r a c t i o n . 

(e ) Mullaitivu Basin A l t h o u g h t h e h y d r o g e o l o g y o f t h i s b a s i n is ye t to b e a d e q u a t e l y 
s t u d i e d a n d c h a r a c t e r i z e d , t w o a r t e s i a n w e l l c o n d i t i o n s l o c a t e d w i t h i n t h i s b a s i n is b r i e f l y 
d e s c r i b e d . P u t h u k u d i y i r u p p u is a v i l l a g e ten m i l e s w e s t o f M u l l a i t i v u a n d a r o u n d f ive m i l e s 
i n l a n d f rom t h e s e a . It is l o c a t e d w i t h i n the d e e p red l a t o s o l r e g i o n w h i c h is u n d e r l a i n b y 
s e d i m e n t a r y r o c k s . A n e x p l o r a t o r y b o r e h o l e w a s d r i l l e d to a d e p t h o f 2 5 m . A r t e s i a n f l ow 
d e v e l o p e d a n d w a t e r c o m m e n c e d f l o w i n g at t h e ra te o f a b o u t h a l f a g a l l o n p e r m i n u t e . W a t e r 
q u a l i t y w a s v e r y g o o d w i t h c h l o r i d e c o n t e n t a r o u n d 3 5 0 p p m . 

T a n n i y u t t u is an o ld na tu ra l s p r i n g f low c o n d i t i o n a s its n a m e i m p l i e s , a n d an o ld v i l l a g e has 

b e e n in e x i s t e n c e at t h i s s i t e s i n c e e a r l y t i m e s . 

P r e s e n t U t i l i z a t i o n a n d P o t e n t i a l T h r e a t s 

T h e sa fe a b s t r a c t i o n r a t e s h a v e b e e n s t u d i e d a n d e s t i m a t e d for t h r e e o f t h e s e s e v e n a q u i f e r 
b a s i n s . T h e s e s a f e r a t e s r a n g e f rom 3 .0 m e m p e r y e a r for t h e V a n a t h a v i l l u a q u i f e r b a s i n to 
9 .0 m e m p e r y e a r for t h e M u l a n k a v i l b a s i n . 

U p to t h e m i d 1 9 8 0 s t h e r e w e r e a r o u n d 2 0 0 f u n c t i o n i n g t u b e w e l l s a n d o v e r 8 0 0 o p e n w e l l s 
u s i n g th i s g r o u n d w a t e r for b o t h d o m e s t i c a n d a g r i c u l t u r a l u s e . T h e a v e r a g e d e p t h o f w e l l s 
u s i n g a r t e s i a n a q u i f e r s in a w e l l d e f i n e d b a s i n is f rom 3 0 to 5 0 m . Y i e l d s o f t h e s e w e l l s r a n g e 
f rom 0 .5 l/s t o 2 5 1/s. T h e e l e c t r i c a l c o n d u c t i v i t y o f t h e s e g r o u n d w a t e r s s h o w m o d e r a t e to 
h i g h v a l u e s . 

T h e m o s t i n t e n s i v e l y a n d p r o d u c t i v e l y u s e d a q u i f e r s in r e c e n t t i m e s w e r e t h o s e a r o u n d 
P u t t a l a m , s u c h a s t h e P a l a v i a q u i f e r , w h i c h w e r e u s e d b y p r a w n c u l t u r e f a r m s . B o t h t h e 
q u a l i t y a n d t h e q u a n t i t y o f t h e s e d e e p g r o u n d w a t e r s w e r e i d e a l l y s u i t e d for t h e r e q u i r e m e n t s 
o f p r a w n c u l t u r e f a r m s , w h i c h p r o l i f e r a t e d in th i s a r e a b e c a u s e o f t h e r e a d y a v a i l a b i l i t y o f a 
g o o d s u p p l y o f g r o u n d w a t e r . 

In t h e c a s e o f t h e m e d i u m d e p t h t u b e w e l l s l o c a t e d w i t h i n t h e M u r u n k a n b a s i n , t h e r e h a s 
b e e n an o v e r e x p l o i t a t i o n o f t h e a q u i f e r b y f a r m e r s w h o u s e d th i s w a t e r for i r r i g a t i n g p a d d y . 
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B e c a u s e a l m o s t al l t h e s e u s e r s h a d o w n e d a n d o p e r a t e d t h e i r i n d i v i d u a l t u b e w e l l s , n o c o n t r o l 

c o u l d b e e x e r c i s e d o v e r t h e i r u s e . 

T h e g r o u n d w a t e r o f t h e V a n a t h a v i l l u b a s i n h a s b e e n t h e f irst s o u r c e o f d e e p g r o u n d w a t e r 

t o b e e x p l o i t e d b o t h f o r h u m a n s e t t l e m e n t a n d a g r i c u l t u r e f r o m t h e e a r l y 1 9 7 0 ' s . 

K u r u p p u a r a c h c h i ( 1 9 9 5 ) r e p o r t s t h a t a 2 0 p e r c e n t i n c r e a s e in t h e e l e c t r i c a l c o n d u c t i v i t y o f 

t h e t u b e w e l l w a t e r w a s o b s e r v e d b y 1 9 9 3 . T h i s h a s b e e n a t t r i b u t e d t o t h e l e a c h i n g o f s a l t s 

f rom t h e c u l t i v a t e d so i l o v e r b u r d e n t o t h e g r o u n d w a t e r t a b l e . 
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METAMOR PHIC H A R D ROCK REGION OF T H E 
D R Y Z O N E 

(i) S H A L L O W R E G O L I T H A Q U I F E R 

(ii) D E E P F R A C T U R E Z O N E A Q U I F E R 

( B o t h a q u i f e r s a r e c o n s i d e r e d t o g e t h e r in t h i s C h a p t e r ) 

P r e v i o u s S t u d i e s c o n d u c t e d o n G r o u n d w a t e r i n t h e H a r d R o c k 
R e g i o n 

T h e e a r l i e s t s t u d i e s o f g r o u n d w a t e r in t h e h a r d r o c k r e g i o n o f t h i s c o u n t r y w e r e b y S i r i m a n n e 

( 1 9 5 2 ) in w h i c h h e p o i n t e d o u t t h a t t h e u n - w e a t h e r e d c r y s t a l l i n e r o c k s , b y t h e i r v e r y n a t u r e , 

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

j o i n t s a n d f i s s u r e s a n d a l s o a l o n g p l a n e s o f fo l i a t ion a n d c l e a v a g e . A s s u m m a r i z e d b y C o o r a y 

( 1 9 8 8 ) , " t h e r e i s , t h e r e f o r e , n o c o n t i n u o u s b o d y o f g r o u n d w a t e r w i t h a s i n g l e w a t e r - t a b l e in 

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

Figure 6. 1 Sketch section showing occurrence of groundwater in pockets in crystalline rocks 
a - wea thered overburden; b - bedrock; W T - wate r table; 1 - good well in pocket o f 
g roundwate r ; 2 - poor well on margin of pocket ; 3 - dry wel l on bedrock 
(Sirimanne 1952) 
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t a b l e " . A s k e t c h d i a g r a m s h o w i n g the o c c u r r e n c e o f g r o u n d w a t e r in s u c h p o c k e t s in c r y s t a l l i n e 

r o c k s is s h o w n in F i g u r e 6 . 1 . T h i s F i g u r e s h o w s tha t t h e u t i l i z a t i o n o f s u c h w a t e r p o c k e t s , 

a c c o r d i n g to S i r i m a n n e ( 1 9 5 2 ) , d e p e n d s o n t h e i r e x a c t l o c a t i o n in t h e u n d e r l y i n g w e a t h e r e d 

r o c k t o p o g r a p h y , a n d , t h e r e f o r e , h a p h a z a r d w e l l s i n k i n g in a r e a s o f c r y s t a l l i n e r o c k o f t en 

l e a d s to f a i lu re . A s c o u l d b e s e e n f rom th i s F i g u r e , g o o d w e l l s o c c u r o n l y in d e e p l y w e a t h e r e d 

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

t h e u n d e r l y i n g r o c k . 

T h e first r e p o r t e d s t u d y o f g r o u n d w a t e r t a b l e b e h a v i o u r in t h e h a r d r o c k r e g i o n o f t h e d r y 

z o n e w a s b y C . R. P a n a b o k k e ( 1 9 5 9 ) . T h i s s t u d y w a s u n d e r t a k e n at t h a t t i m e to u n d e r s t a n d 

t h e e f fec t o f w a t e r t a b l e b e h a v i o u r o n t h e soil p r o f i l e p r o p e r t i e s . B a s e d o n th i s s t u d y , t h e 

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

y e a r s , a s w e l l a s a t y p i c a l d r y s e a s o n p o s i t i o n o f t h e w a t e r t a b l e , is s h o w n in F i g u r e 6 . 2 . T h e 

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

F igu re 6 . 2 B e h a v i o u r of g r o u n d w a t e r t ab l e 

O n t h e r i d g e a n d t h e u p p e r s l o p e s t h e r e is n o w a t e r t a b l e e v i d e n t w i t h i n t h e d e p t h s 

t o w h i c h b o r i n g s w e r e m a d e (4 t o 6 m ) . W h i l e t h i s is s o d u r i n g a n o r m a l ra infa l l 

s e a s o n , in a s e a s o n o f u n u s u a l l y e x c e s s i v e ra in fa l l , t h e w a t e r t a b l e r i s e s t o w i t h i n 0 .9 

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

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

p e r i o d b u t it d i s a p p e a r s d u r i n g t h e d r y s e a s o n . T h i s l and c l a s s i s , t h e r e f o r e , r e l a t i v e l y 

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

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

w a t e r t a b l e r i s e s t o t h e s u r f a c e for l o n g p e r i o d s , a n d fal ls t o w i t h i n 0 . 9 m to 2 . 5 m o f 

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

m o s t p a r t s o f t h e yea r . 
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o D u r i n g t h e w e t s e a s o n , in s p i t e o f t h e g o o d i n t e r n a l d r a i n a g e o f t h e p r o f i l e , t h e 
i m p e r v i o u s n a t u r e o f t h e u n d e r l y i n g r o c k p r e v e n t s v e r t i c a l p e r c o l a t i o n a n d t h e 
g r o u n d w a t e r l eve l r i s e s v e r y r a p i d l y a f t e r t h e o n s e t o f t h e r a i n s . 

A s s h o w n in F i g u r e 6.2 , t h e l a n d s c a p e p o s i t i o n w i t h i n w h i c h g r o u n d w a t e r c o u l d b e t a p p e d 
d u r i n g t h e d r y s e a s o n , is t h e l o w e r d e p t h in t h e v a l l ey , w i t h i n w h i c h t h e Yala s e a s o n w a t e r 
t a b l e is p r e s e n t . 

W i t h t h e a i m o f g a i n i n g a p r o p e r u n d e r s t a n d i n g o f t h e g r o u n d w a t e r h y d r o l o g y in t h e h a r d 
r o c k a r e a s , C . M . M a d d u m a B a n d a r a ( 1 9 7 3 ) m a d e a s t u d y o f t h e b e h a v i o u r o f t h e w a t e r 
t a b l e d u r i n g t h e d r y s e a s o n in t h e c o u n t r y a r o u n d P o l o n n a r u w a . H e o b s e r v e d t h a t a t t h e s t a r t 
o f t h e d r y s e a s o n in A p r i l 1 9 7 3 , t h e a v e r a g e d e p t h o f t h e w a t e r t a b l e w a s a b o u t 3 . 0 m e t r e s 
b e l o w t h e g r o u n d l eve l ( b . g . l . ) . W i t h t h e p r o g r e s s o f t h e d r y s e a s o n , t h e w a t e r t a b l e l o w e r e d 
g r a d u a l l y a n d r e a c h e d a d e p t h o f a r o u n d 5 .0 m e t e r s ( b .g . l . ) b y e n d o f S e p t e m b e r . In t h e 
i r r i ga t ed a r e a s u n d e r P a r a k r a m a S a m u d r a , t h e w a t e r t a b l e r e m a i n e d s t a b l e t h r o u g h t h e d r y 
s e a s o n . 

T h e p a s t o u t l o o k o n g r o u n d w a t e r in t h e h a r d r o c k a r e a s o f t h e d r y z o n e h a s b e e n v e r y 
p e s s i m i s t i c b e c a u s e o f t h e l ack o f a c l e a r u n d e r s t a n d i n g o f t h e h y d r o l o g y o f b o t h t h e s h a l l o w 
g r o u n d w a t e r a n d t h e d e e p e r f r a c t u r e z o n e g r o u n d w a t e r . T h i s is r e f l e c t e d in F o s t e r e t a l . 
( 1 9 7 6 ) , w h i c h s t a t e s " a n y o n e a t t e m p t i n g to f o r m u l a t e a n a t i o n a l p o l i c y o n g r o u n d w a t e r 
d e v e l o p m e n t for t h e m e t a m o r p h i c r o c k r e g i o n s o f Sri L a n k a is c o n f r o n t e d w i t h e n o r m o u s 
d e f i c i e n c i e s in h y d r o l o g i c a l d a t a . " 

K u l a t u n g e ( 1 9 8 8 ) h a s d e s c r i b e d t h e h y d r o l o g y o f a m e t a m o r p h i c t e r r a i n f rom S o u t h e r n 
Sri L a n k a . H e h a s s h o w n t h a t a m o d e r a t e l y w e a t h e r e d z o n e a s w e l l a s a f r a c t u r e d z o n e 
c o n s t i t u t e a h y d r a u l i c a l l y c o n t i n u o u s w a t e r t a b l e . 

B a s e d o n t h e i r field s t u d i e s , W i j e s i n g h e a n d K o d i t u w a k k u ( 1 9 9 0 ) h a v e s h o w n t h e p r o p e r 
m e t h o d o l o g y for i d e n t i f y i n g a n d s a f e e x p l o i t a t i o n o f t h e g r o u n d w a t e r r e s o u r c e s in th i s h a r d 
r o c k r e g i o n , a n d th i s h a s , t o a s i g n i f i c a n t e x t e n t , h e l p e d in a r a t i o n a l l o c a t i o n a n d u s e o f t h i s 
r e s o u r c e o v e r t h e p a s t d e c a d e . 

M o r e r e c e n t l y P a n a b o k k e e t a l . ( 2 0 0 6 ) m a d e a c o m p l e t e s t u d y o f t h e d y n a m i c s o f r e g o l i t h 
a q u i f e r in t h e M a l a l a O y a b a s i n s i t u a t e d in t h e S o u t h e r n P r o v i n c e a s a n I W M I r e s e a r c h 
s u p p o r t a c t i v i t y , t h e r e s u l t s o f w h i c h a r e d i s c u s s e d in A p p e n d i x 5 . ( p p 1 3 4 , 135) 

T h e r e g o l i t h a q u i f e r o f t h e h a r d r o c k r e g i o n 

F o r s e v e r a l y e a r s t h e B G S h a d b e e n i n v e s t i g a t i n g t h e n a t u r e o f t h e a q u i f e r w i t h i n t h e r e g o l i t h 
o f t h e h a r d r o c k a r e a s in t r o p i c a l A f r i c a a n d S o u t h A s i a , a l a r g e p a r t o f w h i c h i s u n d e r l a i n b y 
c r y s t a l l i n e b a s e m e n t r o c k s . T h e s e i n v e s t i g a t i o n s h a v e s h o w n t h a t g r o u n d w a t e r in t h e s e a r e a s 
o c c u r s in t w o m a i n f o r m s , n a m e l y ( 1 ) t h e s h a l l o w r e g o l i t h a q u i f e r , a n d ( 2 ) t h e d e e p e r f r a c t u r e 
z o n e aqu i f e r . 

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

o f Sri L a n k a , H e r b e r t e t a l . ( 1 9 8 8 ) h a v e o b s e r v e d t h a t t h e g r o u n d w a t e r in t h e s e a r e a s o c c u r 
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b o t h in t h e r e g o l i t h ( w e a t h e r e d a n d r e s i d u a l o v e r b u r d e n ) a n d in t h e f r a c t u r e d b e d r o c k . In 
m a n y p l a c e s t h e u p p e r m o s t s e c t i o n o f t h e b a s e m e n t c o m p l e x h a s b e e n a l t e r e d b y w e a t h e r i n g 
p r o c e s s e s t o f o r m a d i s t i n c t h o r i z o n t e r m e d ' r e g o l i t h ' . 

M a n y a g r o - w e l l s p e n e t r a t e o n l y to t h e t o p o f t h e s a p r o c k h o r i z o n , a s d i g g i n g b e c o m e s 
m o r e d i f f i cu l t o n c e th i s m a t e r i a l is r e a c h e d . T h e c o l l a p s e d z o n e , s a p r o l i t c a n d s a p r o c k 
t o g e t h e r m a k e u p t h e r e g o l i t h a s s h o w n in F i g u r e s 3 .5 a n d 3 .6 ( C h a p t e r 3 ) . T h e t h i c k n e s s o f 
the r e g o l i t h in t h e d r y z o n e o f t h e N o r t h C e n t r a l P r o v i n c e ( N C P ) o f Sri L a n k a is v a r i a b l e a n d 
is u s u a l l y n o t g r e a t e r t h a n 10 m . T h e t h i c k n e s s o f t h e s a p r o c k , s a p r o l i t e a n d c o l l a p s e d z o n e s 
c a n v a r y g r e a t l y in p r o p o r t i o n a n d s c a l e f rom s i te t o s i t e . 

In c o n t r a s t , t h e f r a c t u r e z o n e o c c u r s at d e p t h s o f a r o u n d o r b e y o n d 3 0 to 4 0 m in th i s h a r d 
m e t a m o r p h i c r o c k r e g i o n , w h e r e v e r t h e d e e p e r t e c t o n i c f o r c e s h a v e c a u s e d s o m e d e g r e e o f 
j o i n t i n g o r f r a c t u r i n g o f t h e u n d e r l y i n g b a s e m e n t c o m p l e x . T h e g r o u n d w a t e r o c c u r r i n g in th i s 
z o n e o f j o i n t i n g o r f r a c t u r i n g is r e f e r r e d t o a s t h e ' d e e p f r a c t u r e z o n e a q u i f e r ' ( a s s h o w n in 
F i g u r e 6 .3 ) . T h e o c c u r r e n c e o f t h e s e f r ac tu re z o n e s is m o r e s p o r a d i c o r r a n d o m , a n d is 
r e l a t e d to t h e l i n e a m e n t s t h a t o c c u r in th i s h a r d r o c k r e g i o n . D r i l l e d b o r e h o l e s o r b o r e w e l l s 
a b s t r a c t t h e g r o u n d w a t e r f r o m t h e s e d e e p f r ac tu re z o n e a q u i f e r s . T h e a v e r a g e d e p t h o f b o r e 
w e l l s in Sri L a n k a is a r o u n d 4 0 m a n d in s o m e i n s t a n c e s , a f e w c o u l d e x t e n d u p to 7 0 in . T h i s 
is in c o n t r a s t t o t h e T a m i l N a d u s i t u a t i o n w h e r e t h e d e p t h o f b o r e w e l l s is b e t w e e n 1 0 0 to 160 
m , a n d w h e r e t h e d e p t h o f b o r e w e l l s h a v e i n c r e a s e d t h r e e - f o l d in t h e last 3 0 y e a r s , f rom an 
a v e r a g e o f 6 0 m in 1 9 8 0 to 180 m at p r e s e n t . Y i e l d m e a s u r e m e n t s c a r r i e d o u t o n t h e b o r e 
w e l l s in Sri L a n k a i n d i c a t e t h a t it v a r i e s o v e r a w i d e r a n g e f rom 0.1 t o 2 . 0 l / scc w i t h a m e d i a n 
v a l u e o f 0 . 3 5 I/s, w h i c h is j u s t su f f i c i en t to m e e t l i m i t e d d o m e s t i c n e e d s . 

to m 

WEATHERED ROCK a SOIL (SAPROLITE) 

WEATHERED 
I BEDROCK 
ItSAPROCK) 

' / <' / • ' / • " ' : FRESH 
BEDROCK 

Figu re 6 . 3 S c h e m a t i c r e p r e s e n t a t i o n of s equence of s o i l - s a p r o c k - b e d r o c k - f i s s u r c s - j o t n t s 



C. R. Panabokke 79 

N a t u r e o f O c c u r r e n c e o f t h e R e g o l i t h A q u i f e r 

O n e o f t h e m o r e i m p o r t a n t a d v a n c e s tha t h a v e b e e n m a d e o v e r t h e r e c e n t d e c a d e h a s b e e n 
o u r i m p r o v e d u n d e r s t a n d i n g o f t h e n a t u r e o f t h e o c c u r r e n c e , a s w e l l a s t h e d i s t r i b u t i o n p a t t e r n s , 
o f t h e t w o t y p e s o f a q u i f e r s , in t h e u n d u l a t i n g l a n d s c a p e o f t h e N o r t h C e n t r a l D r y Z o n e . It is 
n o w e v i d e n t t ha t t h e t r a d i t i o n a l h a n d - d u g d o m e s t i c w e l l s , l o c a t e d in t h e v i l l a g e ' g a n g o d a ' , 
b e l o w t h e s m a l l v i l l a g e t a n k , d r a w t h e i r w a t e r f rom t h e s h a l l o w r e g o l i t h a q u i f e r , w h i c h a l s o 
r e c e i v e s s o m e d e g r e e o f r e c h a r g e f rom t h e h y d r a u l i c h e a d o f t h e s m a l l v i l l a g e t a n k , t ha t is 
s i t u a t e d a d j a c e n t t o a n d j u s t a b o v e t h e v i l l a g e s e t t l e m e n t . 

In t h i s r e g i o n , t h e s e t r a d i t i o n a l h a n d - d u g w e l l s , h a v e b e e n a b s t r a c t i n g w a t e r f rom th i s 
b a s e m e n t r e g o l i t h a q u i f e r for v i l l a g e d o m e s t i c r e q u i r e m e n t s for s e v e r a l c e n t u r i e s . D e s p i t e 
t h e i r r e l a t i v e l y l o w y i e l d s a n d s e a s o n a l w a t e r l e v e l f l u c t u a t i o n s , t h e y h a v e p r o v i d e d t h e b a s i c 
d o m e s t i c w a t e r n e e d s for t h e i n n u m e r a b l e v i l l a g e h u m a n s e t t l e m e n t s in th i s r o c k f l o o r e d , 
' m a n t l e d p l a i n ' , l a n d s c a p e o f t h e a n c i e n t R a j a r a t a for o v e r a l o n g p e r i o d . 

In s ign i f i can t c o n t r a s t t o t h e f o r e g o i n g , h a v e b e e n t h e s e v e r a l t u b e w e l l s , t h a t h a v e p ro l i f e ra t ed 
u n d e r v a r i o u s d o n o r f u n d e d w a t e r s u p p l y s c h e m e s , s i n c e t h e e a r l y 1 9 8 0 ' s , u n d e r t h e a u s p i c e s 
o f t h e W a t e r S u p p l y a n d D r a i n a g e B o a r d o f t h e t h e n M i n i s t r y o f H o u s i n g a n d U r b a n 
D e v e l o p m e n t . T h i s c o u n t r y w i d e t u b e wel l p r o g r a m m e w a s l a u n c h e d b y t h e g o v e r n m e n t , u n d e r 
t h e N a t i o n a l D e c a d e P l a n s f rom 1 9 8 0 to 1 9 9 0 , for w a t e r s u p p l y a n d s a n i t a t i o n . 

T h e s e t u b e w e l l s e x p l o i t t h e d e e p e r f r a c t u r e z o n e a q u i f e r in t h e f r a c t u r e d b e d r o c k at 
d e p t h s o f a r o u n d 4 0 to 5 0 m in t h i s r e g i o n . In c o n t r a s t t o t h e h a n d - d u g d o m e s t i c w e l l s , t h e s e 
b o r e h o l e t u b e w e l l s h a v e t o b e c o n s t r u c t e d b y o u t s i d e a g e n c i e s u s i n g e x p e n s i v e m o d e r n 
d r i l l i n g e q u i p m e n t , w h i c h c a n dr i l l to d e p t h s o f 7 0 t o 8 0 m in t h e h a r d b a s e m e n t r o c k . A s 
m e n t i o n e d ea r l i e r , t h e o c c u r r e n c e o f t h e s e d e e p a q u i f e r s is m o r e s p o r a d i c a n d is c l o s e l y 
r e l a t e d t o t h e l i n e a m e n t s t h a t o c c u r in th i s h a r d r o c k r e g i o n . 

W i t h t h e r a p i d a g r o - w e l l d e v e l o p m e n t tha t h a d t a k e n p l a c e in t h e l a t e 1980's, a v e r y l a rge 
n u m b e r o f b o t h s u c c e s s f u l a n d u n s u c c e s s f u l a g r o - w e l l s h a d b e e n c o n s t r u c t e d al l o v e r t h e 
A n u r a d h a p u r a d i s t r i c t . It w a s i n i t i a l l y o b s e r v e d tha t m o s t o f t h e s e a g r o - w e l l s w e r e d i s t r i b u t e d 
a r o u n d t h e s m a l l t a n k s a n d a l s o in c l o s e p r o x i m i t y t o t h e t a n k v i l l a g e s e t t l e m e n t . I n d i g e n o u s 
k n o w l e d g e o f t h e v i l l a g e r s r a t h e r t h a n a n y s c i en t i f i c m e a n s o f g r o u n d w a t e r e x p l o r a t i o n , w a s 
u s e d in t h e s i t i n g o f t h e s e e a r l y a g r o - w e l l s . 

It w a s o n l y a r o u n d t h e m i d 1 9 9 0 s , w h e n t h e I IM1 h a d c o m p l e t e d a s t u d y o f t h e s m a l l t a n k 
c a s c a d e s y s t e m s in t h e A n u r a d h a p u r a d i s t r i c t , u n d e r t h e I F A D s u p p o r t e d P a r t i c i p a t o r y Rura l 
D e v e l o p m e n t P r o j e c t ( P R D P ) , t h a t a c l e a r p i c t u r e b e g a n to e m e r g e o n t h e r e l a t i o n s h i p s 
b e t w e e n t h e l o c a t i o n o f t h e s m a l l t a n k c a s c a d e s y s t e m s a n d t h e u n d e r l y i n g r e g o l i t h aqu i f e r . It 
i s in t h i s s t u d y t h a t t h e h y d r o l o g y o f t h e s m a l l t a n k c a s c a d e s y s t e m s w e r e s u b j e c t e d t o a 
c r i t i ca l a n a l y s i s , w h i c h b r o u g h t ou t t h e p o s i t i o n a n d d y n a m i c s o f t h e g r o u n d w a t e r r e g i m e 
w i t h i n t h e s e s m a l l t a n k s c a s c a d e s y s t e m s a s r e p o r t e d b y S a k t h i v a d i v e ) a n d P a n a b o k k e ( 1 9 9 6 ) 
a n d S e n a r a t n e ( 1 9 9 6 ) . 

It is n o w c l e a r l y r e c o g n i z e d tha t t h e l a r g e n u m b e r ( m o r e t h a n 1 5 . 0 0 0 ) o f s m a l l t a n k s lha t 
a r e d i s t r i b u t e d a c r o s s t h e u n d u l a t i n g l a n d s c a p e o f t h e d r y z o n e a r e n o t r a n d o m l y l o c a t e d 
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a n d d i s t r i b u t e d a s c o m m o n l y p e r c e i v e d ; r a t h e r t h e y a r e f o u n d to occur in the form ol'distinct 
cascades that are positioned within well defined small watersheds or meso-catchment 
basins. 

A c a s c a d e is m a d e u p o f 4 t o 10 i n d i v i d u a l s m a l l t a n k s , al l l o c a t e d a l o n g t h e m a i n i n l a n d 
v a l l e y o r s i d e v a l l e y s a s s h o w n in F i g u r e 6 .4 ( a ) . E a c h c a s c a d e is d e f i n e d b y i ts (a) w a t e r s h e d 
b o u n d a r y o r m e s o - c a t c h m e n t b o u n d a r y ; (b ) m a i n c e n t r a l a n d s i d e v a l l e y s a l o n g w i t h t h e m a i n 
a x i s o f t h e c a s c a d e ; a n d ( c ) t h e c o m p o n e n t s m a l l t a n k s w i t h t h e i r o w n m i c r o - c a t c h m e n t s a s 
s h o w n in F i g u r e 6 . 4 ( a ) . A c l u s t e r o f c a s c a d e s w o u l d f o r m a s u b - b a s i n o f a r ive r , w h i l e a 
c l u s t e r o f s u b - b a s i n s w o u l d f o r m t h e e n t i r e r i v e r b a s i n . T h i s c o u l d b e c l e a r l y s e e n in t h e o n e 
i nch to o n e m i l e t o p o - s h e e t s o f t h e S u r v e y D e p a r t m e n t a s w e l l a s in t h e m a s t e r m a p o f t h e 
R a j a r a t a in a p u b l i c a t i o n b y P a n a b o k k e ( 1 9 9 9 ) o n t h e ' S e t t i n g a n d D i s t r i b u t i o n P a t t e r n s ' o f al l 
t h e c a s c a d e s y s t e m s in t h e R a j a r a t a . 

F i g u r e 6 .4 S c h e m a t i c r e p r e s e n t a t i o n of (a) a smal l t a n k c a s c a d e : 
(b) g r o u n d w a t e r a r e a wi th in a c a s c a d e 

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

be l t a l o n g t h e m a i n v a l l e y o f e a c h c a s c a d e , a n d to a s m a l l e r e x t e n t a l o n g t h e s i d e v a l l e y s , 

w h i c h a r e s h o w n in F i g u r e 6 . 4 ( b ) . It c o u l d t h u s b e s e e n tha t t h i s s h a l l o w g r o u n d w a t e r o c c u r s 

b e t w e e n 5 t o 10 m d e p t h a n d as s h o w n in F i g u r e 6 . 4 ( b ) it is t h i s s h a l l o w g r o u n d w a t e r in t h e 

l o w e r p a r t o f t h e v a l l e y tha t is b e i n g t a p p e d b y t h e a g r o - w e l l s . 
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Fie ld m e a s u r e m e n t s c a r r i e d o u t b o t h in Sri L a n k a a n d S o u t h I n d i a i n d i c a t e a v e r y g o o d 

c o r r e l a t i o n b e t w e e n t a n k w a t e r l e v e l s a n d g r o u n d w a t e r l e v e l s in t h e c o m m a n d a r e a . T h e r e f o r e , 

t h e a s s u m p t i o n t h a t a g r o - w e l l s l o c a t e d in t h e c o m m a n d a r e a w o u l d b e a b l e t o d r a w u p o n t h e 

g r o u n d w a t e r u n d e r t h e t a n k s p r e a d a r e a , a p p e a r s t o b e a v a l i d a s s u m p t i o n . 

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

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

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

D y n a m i c N a t u r e o f t h e R e g o l i t h A q u i f e r 

T h e r e is n o r e p o r t e d d a t a a v a i l a b l e to d a t e o n t h e d y n a m i c b e h a v i o u r o f t h e r e g o l i t h aqu i f e r , 

b o t h in s p a c e a n d t i m e , o v e r a c o n s e c u t i v e w e t a n d d r y s e a s o n . 

T h e f irst s u c h s t u d y w a s c a r r i e d o u t a n d r e p o r t e d for f o u r s e l e c t e d c a s c a d e s in t h e M a l a l a 
O y a b a s i n l o c a t e d in t h e s o u t h e r n d r y z o n e o f Sri L a n k a o v e r a p e r i o d o f 18 m o n t h s , w h i c h 
i n c l u d e d t w o w e t s e a s o n s a n d o n e d r y s e a s o n . T h i s s t u d y w a s c a r r i e d o u t a s a n I W M I 
s u p p o r t e d f ie ld r e s e a r c h s t u d y f rom O c t o b e r 2 0 0 3 to J a n u a r y 2 0 0 5 . 

T h e f i n d i n g s f rom th is s t u d y a r e to b e p u b l i s h e d in i t ia l ly a s a w o r k i n g p a p e r a n d s u b s e q u e n t l y 

a s a t e c h n i c a l p a p e r . 

T h e m a i n findings f r o m t h i s s t u d y a r e p r e s e n t e d in A p p e n d i x 5 o f t h i s p u b l i c a t i o n . 

G r o u n d w a t e r R e c h a r g e 

T h e r e a r e s e v e r a l m e t h o d s t h a t c o u l d b e u s e d to e s t i m a t e t h e d e g r e e o f r e c h a r g e . A fa i r ly 
s i m p l e a n d s t r a i g h t f o r w a r d m e t h o d t h a t is c o m m o n l y e m p l o y e d for r a p i d field a s s e s s m e n t is 
t h e e s t i m a t e o f r e c h a r g e t h a t is m a d e , b a s e d o n t h e r i se in t h e w a t e r t a b l e d u r i n g t h e r a i n y 
s e a s o n . T h e p r i n c i p l e , in c a l c u l a t i n g r e c h a r g e o f t h i s m e t h o d , is t h a t r e c h a r g e c a u s e s a r i s e in 
g r o u n d w a t e r l e v e l , w h i c h is d i r e c t l y p r o p o r t i o n a l t o t h e r e c h a r g e a n d i n v e r s e l y p r o p o r t i o n a l to 
t h e s p e c i f i c y i e l d o f t h e w a t e r t a b l e aqu i fe r . T h u s , t h e r e c h a r g e is c a l c u l a t e d b y m u l t i p l y i n g t h e 
o b s e r v e d r i se in w a t e r l e v e l b y t h e s p e c i f i c y i e l d o f t h e a q u i f e r . F o r t h e p r e v a l e n t r o c k t y p e s 
in t h e N C P , s p e c i f i c y i e l d s in t h e r a n g e f r o m 2 to 4 p e r c e n t a r e c o n s i d e r e d a p p r o p r i a t e ( C O W I 
C o n s u l t , 1 9 9 3 ) . U s i n g t h e s e figures a n d g r o u n d w a t e r f l u c t u a t i o n s g i v e n in t h e s a m e r e p o r t , 
t h e r e c h a r g e w o r k s o u t t o r o u g h l y 1 0 0 m m for t h e u p l a n d a r e a s a n d 1 5 0 m m for t h e l o w l a n d 
p a d d y a r e a s . 

S t u d i e s c o n d u c t e d b y d e S i l v a ( 1 9 9 7 ) h a v e a l s o s h o w n t h a t t h e k e y a q u i f e r p a r a m e t e r s 
s u c h a s h y d r a u l i c c o n d u c t i v i t y a n d s p e c i f i c y i e l d , a r e v e r y "poor for m o s t o f t h e s e r e g o l i t h 
a q u i f e r s a n d , a s a r e s u l t , t h e r a t e o f w e l l r e c o v e r i e s a r e a l s o v e r y p o o r . T h e r e f o r e , t h e 
p u m p i n g s c h e d u l e a n d a b s t r a c t i o n r a t e s s h o u l d m a t c h t h e s e a s o n a l r e c h a r g e r a t e s w i t h i n an 
a g r o - w e l l in o r d e r t o a v o i d d r y i n g u p o f t h e w e l l , d u r i n g t h e c r o p p i n g s e a s o n . D e S i l v a ( 2 0 0 2 ) 
h a s a l s o o b s e r v e d a n d r e p o r t e d f r o m s e l e c t s t u d i e s c o n d u c t e d b y he r , t h a t t h e a n n u a l a v e r a g e 
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r e c h a r g e w a s o n l y 10 t o 15 p e r c e n t o f t h e a n n u a l r a in fa l l , a n d tha t a m a j o r p r o p o r t i o n o f t h i s 

r e c h a r g e t a k e s p l a c e d u r i n g t h e r a i n y s e a s o n f rom la te O c t o b e r u*> l a t e D e c e m b e r . H o w e v e r , 

it h a s a l s o b e e n o b s e r v e d tha t in s o m e a r e a s w h e r e t h e s e s t u d i e s w e r e c o n d u c t e d , t h i s a m o u n t 

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

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

b y d e S i l v a ( 1 9 9 7 ) , a n d t h e s e c o u l d b e e f f e c t i v e l y u s e d t o r e g u l a t e u t i l i z a t i o n o f t h i s l i m i t e d 

g r o u n d w a t e r s u p p l y o n a s u s t a i n a b l e b a s i s . 

R a t i o n a l E x p l o i t a t i o n o f t h e R e g o l i t h A q u i f e r 

S e n a r a t n e ( 1 9 9 6 ) h a s s t u d i e d t h e g r o u n d w a t e r t a b l e in a t a n k e n v i r o n m e n t a s w e l l a s in a 

c a s c a d e e n v i r o n m e n t , a n d d e v e l o p e d a m e t h o d o l o g y for a l l o c a t i o n o f a g r o - w e l l s to e a c h c a s c a d e 

a r e a . It is b a s e d o n a s e t o f a s s u m p t i o n s a s f o l l o w s : 

i. C a s c a d e is a c l o s e d s y s t e m ; 

ii. W a t e r is c o n t r i b u t e d t o a c a s c a d e o n l y t h r o u g h r a in fa l l ; a n d 

iii. W a t e r l o s s f r o m a c a s c a d e is m a i n l y t h o r o u g h e v a p o t r a n s p i r a t i o n , s u r f a c e a n d 

u n d e r g r o u n d o u t - f l o w f rom a c a s c a d e . 

H e h a s a l s o o b s e r v e d t h a t a r o u n d 2 0 p e r c e n t o f t h e a g r o - w e l l s a r e l o c a t e d in t h e u p p e r 

c a t c h m e n t a r e a o f t h e c a s c a d e , a r o u n d 3 5 p e r c e n t in t h e m i d d l e c a t c h m e n t a r e a , 2 0 p e r c e n t 

in t h e l o w e r r e a c h e s o f t h e c a t c h m e n t a r e a , a n d a r o u n d 2 5 p e r c e n t l o c a t e d b e l o w t h e t a n k s 

w i t h i n t h e c a s c a d e . 

In the m i d d l e c a t c h m e n t a r e a , t h e w a t e r l eve l in all a g r o - w e l l s c o m e s u p to t h e g r o u n d 

leve l d u r i n g t h e r a i n y s e a s o n a n d g o e s d o w n to 4 m b e l o w g r o u n d l eve l d u r i n g t h e d r y s e a s o n . 

T h e f l u c t u a t i o n in t h e l o w e r r e a c h e s a n d b e l o w the t a n k s is m u c h l o w e r a n d is o f t h e o r d e r o f 

1 to 1.3 m . 

In a s t u d y c o n d u c t e d o n 5 0 c a s c a d e s w i t h i n t h e A n u r a d h a p u r a d i s t r i c t , S e n a r a t n e ( 1 9 9 6 ) 

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

t h e s e 5 0 c a s c a d e s is n o t m o r e t h a n 3 , 6 0 0 ; a n d tha t a l r e a d y w i t h i n 5 o f t h e s e 5 0 c a s c a d e s , t h e 

n u m b e r o f a g r o - w e l l s h a d a l r e a d y e x c e e d e d t h e u p p e r l imi t . 

D h a r m a s e n a ( 2 0 0 0 ) h a s s h o w n t h a t s i n c e t h e r e g o l i t h a q u i f e r s h a v e v e r y l i m i t e d r e s e r v e s 

o f g r o u n d w a t e r , at l ea s t 2 5 p e r c e n t o f t h e p o t e n t i a l g r o u n d w a t e r s t o r a g e in a n a q u i f e r s h o u l d 

b e r e s e r v e d in o r d e r to m e e t e n v i r o n m e n t a l c o n c e r n s . It is r e c o m m e n d e d tha t t h e i m p e r f e c t l y 

d r a i n e d a r e a is t h e m o s t s u i t a b l e a r e a for a g r o - w e l l s c o n s t r u c t i o n . T h i s is f o u n d to b e in l i n e 

w i t h r e c e n t e x p e r i e n c e s r e p o r t e d in t h e A n u r a d h a p u r a P R D P p r o j e c t . 

In a t w o y e a r m o n i t o r i n g s t u d y c a r r i e d o u t b y t h e W a t e r R e s o u r c e s B o a r d ( W R B ) o n 9 4 

a g r o - w e l l s u n d e r t h e s a m e P R D P p r o j e c t , it w a s o b s e r v e d tha t D h a r m a s c n a ' s r e c o m m e n d a t i o n 

o f a m i n i m u m w a t e r d e p t h o f 2 m d u r i n g t h e d r y p e r i o d a n d 5 m d u r i n g t h e w e t p e r i o d for an 

a g r o - w e l l is a v a l i d p r o p o s i t i o n . 
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P r e s e n t U t i l i z a t i o n a n d P o t e n t i a l T h r e a t s 

, It w a s r e p o r t e d f o u r y e a r s a g o tha t t h e r e w e r e a s m a n y a s 1 0 , 0 0 0 a g r o - w e l l s o p e r a t i n g in t h e 
A n u r a d h a p u r a d i s t r i c t a l o n e ( S h a n t h i d e S i l v a , 1 9 9 7 ) . T h i s d e v e l o p m e n t o f a g r o - w e l l s h a d 
t a k e n p l a c e in an u n o r g a n i z e d m a n n e r w i t h o u t a p r o p e r a s s e s s m e n t o f t h e h y d r o g e o l o g i c a l 
p r o p e r t i e s o f t h e b a s e m e n t r o c k s , s p a c i n g b e t w e e n a g r o - w e l l s , safe y i e ld , a n d r e c h a r g e po ten t i a l . 
It w a s o n l y a f t e r a s y m p o s i u m h e l d in D e c e m b e r 1 9 9 7 on Groundwater Utilization for Crop 
Production in the Dry Zone of Sri Lanka, u n d e r t h e a u s p i c e s o f t h e F o o d a n d A g r i c u l t u r a l 
O r g a n i z a t i o n ( F A O ) a n d D e p a r t m e n t o f A g r i c u l t u r e ( D O A ) , w h e r e al l r e s e a r c h f i n d i n g s t o 
d a t e w e r e p r e s e n t e d , t h a t p o l i c y g u i d e l i n e s for g r o u n d w a t e r u s e w e r e e n u n c i a t e d for t h e first 
t i m e in t h i s c o u n t r y ( s e e A p p e n d i x 3 a ) . P o l i c y g u i d e l i n e s for g r o u n d w a t e r e x t r a c t i o n a n d for 
g r o u n d w a t e r u s e for i r r i g a t i o n w e r e a l s o d e v e l o p e d ( P o l i c y g u i d e l i n e s fo r g r o u n d w a t e r u s e , 
1 9 9 8 ) . In t h e a b s e n c e o f s u c h g u i d e l i n e s , t h e i n d i s c r i m i n a t e e x p a n s i o n o f a g r o - w e l l f a r m i n g 

i u n d e r s t a t e s p o n s o r s h i p o f t h e N C P G o v e r n m e n t , w o u l d h a v e led to s e v e r e e n v i r o n m e n t a l 
d e g r a d a t i o n in t h i s P r o v i n c e . 

It is n o w r e c o g n i z e d tha t t h i s s h a l l o w g r o u n d w a t e r b e n e f i t s f rom t h e p r e s e n c e o f s e v e r a l 
s m a l l t a n k s c a s c a d e s tha t a r e s i t u a t e d w i t h i n t h e s e i n l a n d v a l l e y s . T h e a v e r a g e t h i c k n e s s o f 
t h e r e g o l i t h is n o t m o r e t h a n 1 0 m in th i s r e g i o n , a n d t h e t r a d i t i o n a l h a n d - d u g w e l l s h a v e b e e n 
a b s t r a c t i n g w a t e r f r o m t h i s b a s e m e n t r e g o l i t h a q u i f e r , for v i l l a g e d o m e s t i c r e q u i r e m e n t s , for 
m o r e t h a n 2 0 0 0 y e a r s in t h e a n c i e n t R a j a r a t a l a n d s c a p e . D e s p i t e t h e r e l a t i v e l y l o w y i e l d s o f 
t h e s e a q u i f e r s t h e y h a v e p r o v i d e d t h e b a s i c w a t e r n e e d s for i n n u m e r a b l e h u m a n s e t t l e m e n t s 
o v e r s e v e r a l c e n t u r i e s . 

H a n d - d u g w e l l s o r a g r o - w e l l s a r e s h a l l o w , l a r g e d i a m e t e r w e l l s t h a t e f f e c t i v e l y m a k e u s e 
t o f t h e h i g h s t o r a g e b u t l o w p e r m e a b i l i t y o f t h e w e a t h e r e d o v e r b u r d e n . A b s t r a c t i o n f rom 

h a n d - d u g w e l l s t y p i c a l l y o c c u r s t w i c e a d a y w i t h a r e c o v e r y t i m e o f 12 h o u r s g e n e r a l l y suf f ic ient 
for r e n e w e d a b s t r a c t i o n . 

I In a s e r i e s o f p u b l i c a t i o n s b y S a k t h i v a d i v e l , P a n a b o k k e et al. ( 1 9 9 4 , 1 9 9 6 , 1 9 9 7 ) , t h e y 
h a v e d e m o n s t r a t e d t h e m e t h o d o l o g y o f a s s e s s i n g t h e s a f e e x t r a c t a b l e a m o u n t s f rom t h e s e 
s h a l l o w a q u i f e r s , t h r o u g h t h e a g r o w e l l i r r i ga t i on p e r i o d f rom F e b r u a r y t o S e p t e m b e r . B y th i s 
a p p r o a c h it h a s b e e n p o s s i b l e t o p r o p e r l y c h a r a c t e r i z e t h e n a t u r e a n d e x t e n t o f t h i s aqu i f e r , 

i a n d to r e l i a b l y e s t i m a t e t h e v o l u m e o f e x t r a c t a b l e g r o u n d w a t e r w i t h o u t a d v e r s e l y a f f e c t i n g 
t h e h y d r o l o g i c a l e n v i r o n m e n t . 

T h e d e e p g r o u n d w a t e r b o d i e s that o c c u r in a d i s c o n t i n u o u s a n d h i g h l y f r a g m e n t e d m a n n e r 
w i t h i n t h e j o i n t s , f r a c t u r e z o n e s , a n d f i s su res o f t h e u n d e r l y i n g h a r d b a s e m e n t m e t a m o r p h i c 
r o c k s h a v e b e e n e x p l o i t e d t h r o u g h d e e p t u b e w e l l s o r b o r e w e l l s i n s t a l l e d b y t h e N W S D B 
s i n c e t h e e a r l y 1 9 8 0 s . T h e q u a l i t y o f t h i s d e e p g r o u n d w a t e r is g e n e r a l l y g o o d w i t h l i t t le o r n o 
fecal c o n t a m i n a t i o n , b u t s e v e r a l a r e a s r e p o r t a h i g h l eve l o f f l u o r i d e a n d i r o n c o n t e n t in th i s 

I d e e p wa te r . 

T h e s e b o r e w e l l s o r ' t u b e w e l l s ' w h i c h d r a w f rom the f i s su red b e d r o c k c o u l d , at t i m e s , b e 
p r o n e to w a t e r l eve l d e c l i n e . A s i g n i f i c a n t n u m b e r o f t u b e w e l l s a r e f o u n d to b e a b a n d o n e d , 

1 e s p e c i a l l y in t h e A n u r a d h a p u r a d i s t r i c t b e c a u s e o f t h e u n a c c e p t a b l e q u a l i t y o f t h e b o r e w e l l 
w a t e r . 
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D i s s a n a y a k e ( 1 9 8 9 ) , r e p o r t e d tha t a r o u n d 1 5 , 0 0 0 d e e p t u b e w e l l s h a v e b e e n d r i l l e d b y 

m a n y f o r e i g n a g e n c i e s s u c h a s D A N 1 D A , F I N N I D A , U N I C E F a n d G T Z d u r i n g t h e 

i m p l e m e n t a t i o n o f v a r i o u s w a t e r s u p p l y s c h e m e s . H e r e p o r t s t h a t a p r o b l e m o f g r o w i n g 

c o n c e r n is t h e e x c e s s i v e c o n c e n t r a t i o n o f f l u o r i d e s f o u n d in m a n y d e e p w e l l s in t h e 

A n u r a d h a p u r a a n d P o l o n n a r u w a d i s t r i c t s . S i m i l a r l y e x c e s s i v e q u a n t i t i e s o f m a n g a n e s e , i ron 

a n d n i t r a t e s h a v e a l s o b e e n o b s e r v e d in s e v e r a l l o c a t i o n s . 
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SHALLOW AQUIFERS ON UNCONSOLIDATED 
COASTAL SANDS OR COASTAL SAND AQUIFERS 

P r e v i o u s S t u d i e s 

O n e o f t h e e a r l i e s t s t u d i e s o n g r o u n d w a t e r in t h e i s l a n d is f o u n d in H .F . T o m a l i n ' s P r e s i d e n t i a l 
A d d r e s s t o t h e E n g i n e e r i n g A s s o c i a t i o n in 1 9 2 1 , t i t l ed ' U n d e r g r o u n d W a t e r R e s o u r c e s o f 
C e y l o n ' . T h e a u t h o r r e f e r s t o t h e p o s s i b l e s o u r c e s o f u n d e r g r o u n d w a t e r a v a i l a b l e for d r a w i n g 
' w h e n o c c a s i o n a n d n e c e s s i t y a r i s e s ' , a n d h e d i s c u s s e s in s o m e d e t a i l t h e p r e v a i l i n g u s e o f 
d u n e w a t e r in t h e i s l a n d , w h i c h h e c o n s i d e r s m o r e w h o l e s o m e t h a n r i v e r w a t e r . 

T o m a l i n r e c o g n i z e s t h e v a l u e o f t h i s d u n e w a t e r in t h e f o l l o w i n g t e r m s " s a n d d u n e s a l o n g 
t h e s e a b o a r d o f t h e s o u t h - e a s t c o a s t , e s p e c i a l l y t h o s e b e y o n d T a n g a l l e in t h e d i r e c t i o n o f 
H a m b a n t o t a , t h o s e o n t h e e a s t c o a s t w h e r e t h e y f r e q u e n t l y f o r m e l e v a t e d a n d u n d u l a t i n g 
s a n d r i d g e s , o f t en s h i f t i n g a n d o f c o n s i d e r a b l e h e i g h t d u e t o t h e p r e v a i l i n g w i n d s , a r e a s o u r c e 
o f w a t e r s u p p l y o f u t m o s t v a l u e , a n d a r e loca l ly u s e d " . H e a l so s t a t e s " i t is a c o m m o n o c c u r r e n c e 
to s e e f i s h e r m a n c a m p i n g o n t h e s a n d b a r s a c r o s s t h e m o u t h s t o l a g o o n a s t h e s e a l w a y s y i e l d 
f resh w a t e r " . 

T h e g r o u n d w a t e r c o n d i t i o n s in t h e s a n d d u n e s o f H a m b a n t o t a h a v e b e e n d e s c r i b e d a n d 
d i s c u s s e d in m o r e d e t a i l b y S i r i m a n n e ( 1 9 5 2 ) . H i s s k e t c h s e c t i o n o f t h e g e o l o g i c a l s e q u e n c e in 
t h e d u n e s a n d a r e a is s h o w n in F i g u r e 7 . 1 . H i s d e s c r i p t i o n o f t h e n a t u r e o f o c c u r r e n c e o f t h e 
g r o u n d w a t e r in t h e s e d u n e s a n d f o r m a t i o n s is r e p r o d u c e d in full a s f o l l o w s . 

" O v e r l y i n g t h e c r y s t a l l i n e r o c k w h i c h o c c u r s at a b o u t 3 0 ft b e l o w m . s . l . , is a b e d o f p o r o u s 
b e a c h s a n d s , w h i c h a r e c a p p e d b y d u n e s a n d s w h i c h m a y r i se 2 0 - 3 0 ft a b o v e m . s . l . I n t e r c a l a t e d 
in t h e s a n d s , m o s t l y in t h e l a g o o n - w a r d s i d e , is a l a y e r o f t o u g h c l a y . T h i s r e l a t i v e l y h a r d a n d 
i m p e r v i o u s l a y e r p r e v e n t s t h e d o w n w a r d p e r c o l a t i o n o f a n y l a r g e q u a n t i t y o f f resh w a t e r , 
w h i c h c o u l d d e p r e s s t h e s e a w a t e r t o g o o d d e p t h s . H e n c e , c o n d i t i o n s for t h e s t o r a g e o f l a r g e 
b o d i e s o f f resh w a t e r in t h e s a n d y b e d s w i t h t h e s e t h i c k c l a y i n t e r c a l a t i o n s a r e n o t f a v o u r a b l e . 
T h e o n l y p o s s i b l e l oca l i t y w o u l d b e in t h e p o r o u s b e a c h s a n d s , l y i n g a w a y f r o m t h e l a g o o n , b u t 
b e t w e e n it a n d t h e s e a , p r o v i d e d a d e q u a t e fac i l i t i e s for r e p l e n i s h m e n t a r e a v a i l a b l e in o r d e r 
tha t l a r g e f resh w a t e r b o d i e s , c a p a b l e o f d e p r e s s i n g t h e s e a w a t e r , c o u l d e x i s t . T h e d u n e s a r e 
n a r r o w e s t a t t h e w i n d w a r d ( w e s t e r n ) a n d w i d e n as t h e y a p p r o a c h t h e h e a d l a n d o n t h e eas t . 
T h e t o w n o f H a m b a n t o t a is s i t u a t e d o n s u c h a h e a d l a n d . " 
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Figure 7 . 1 Groundwater in dune sand area - Hambantota 
(afterC. H . L. Sirimanne, 1952) 

" T w o b e l t s o f d u n e o c c u r in th i s a r e a a n d t h e w e l l s a r e s u n k in t h e v a l l e y b e t w e e n t h e m . 
T h o s e w e l l s s u n k o f t h e m a r g i n o f t h e d u n e s t o w a r d s t h e l a g o o n t u r n b r a c k i s h d u r i n g t h e d r y 
s e a s o n . T h e r e a r c in a l l a b o u t 15 w e l l s in t h e d u n e a r e a o f w h i c h o n l y a f e w c a n m a i n t a i n 
s u p p l i e s o f f resh w a t e r d u r i n g t h e d r y s e a s o n . " 

In r e s p e c t o f d u n e s a n d , S i r i m a n n e ( 1 9 5 2 ) o b s e r v e s tha t t h e y a r e f o u n d a r o u n d m o s t o f t h e 
i s l a n d ' s c o a s t s e x c e p t in t h e s o u t h - w e s t e r n p o r t i o n . T h e y m a y b e f rom 2 0 to 5 0 ft in h e i g h t 
a l o n g t h e s o u t h a n d e a s t e r n c o a s t s . T h e n o r t h - w e s t e r n c o a s t a l d u n e s h a v e a l o w e r g e n e r a l 
e l e v a t i o n . T h e d u n e s a l o n g t h e s o u t h - c a s t c o a s t s fo rm w i d e r b e l t s t h a n t h o s e in t h e n o r t h ­
w e s t c o a s t , a n d d u n e s a n d s m a y e x t e n d as far i n l a n d a s t w o m i l e s . S m a l l s u p p l i e s o f w a t e r 
a r e o b t a i n e d f rom t h e d u n e s a l o n g t h e c o a s t b y t h e s e v e r a l f i s h i n g v i l l a g e s e t t l e m e n t s . 

A n e x c e l l e n t d e s c r i p t i o n o f t h e d i f f e r e n t c o a s t a l a n d s h o r e l i n e t y p e s t h a t a r e p r e s e n t in th is 
c o u n t r y , a s w e l l a s t h e d i f f e r en t t y p e s o f b e a c h e s a n d d u n e s c o u l d b e h a d in B e r n a r d S w a n ' s 
C o a s t a l G e o m o r p h o l o g y o f Sri L a n k a 1 9 8 3 . F r e s h w a t e r r e s t i n g o n s a l t y w a t e r in p e r m e a b l e 
c o a s t a l f o r m a t i o n s , a n d t h e G y b e n - H e z b e r g t h e o r y o n t h i s p h e n o m e n o n is d e s c r i b e d in 
A p p e n d i x 4 . 

G r o u n d w a t e r c o n d i t i o n s in K a l l a d y f rom w h e r e B a t t i c a l o a t o w n d r a w s its w a t e r s u p p l y , 
f rom a b a t t e r y o f w e l l s s u n k in an a r e a o f 160 a c r e s , h a s b e e n p r o p e r l y c h a r a c t e r i z e d a n d 
d e s c r i b e d b y S i r i m a n n e ( 1 9 5 2 ) . T h e w e l l s a r e l o c a t e d o n a n o r t h w a r d p o i n t i n g s a n d sp i t 
w h i c h c o n s i s t s o f l o o s e u n c o n s o l i d a t e d s a n d s , u n d e r l y i n g w h i c h , a t a d e p t h o f a r o u n d 4 5 feet , 
is a c a l c a r e o u s s a n d s t o n e l ayer . T h e e s t i m a t e d sa fe y i e l d f rom t h e s e w e l l s is a r o u n d 2 5 0 , 0 0 0 
g a l l o n s p e r d a y . 

In a s i m i l a r m a n n e r t h e g r o u n d w a t e r c o n d i t i o n s a t P u l m o d d a i h a v e b e e n c h a r a c t e r i z e d b y 
S i r i m a n n e ( 1 9 5 2 ) , a n d a s k e t c h m a p a n d s e c t i o n i l l u s t r a t e s t h e e x t e n t a n d d e p t h o f t h e fresh 
w a t e r b o d y o n t h i s c o a s t a l s a n d f o r m a t i o n . 

H a p u g a s k u m b u r a ' s Groundwater Map of Sri Lanka ( 1 9 9 7 ) s h o w s t h e p r i n c i p a l 

H y d r o g e o l o g i c a l D o m a i n s , a n d it s t a l e s tha t t h e m a i n c o a s t a l s a n d a q u i f e r s r a n g e f rom 10 to 
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2 0 m in t h i c k n e s s . T h e w a t e r t a b l e is in t h e r a n g e o f 3 t o 5 m a n d t h e y i e l d f rom w e l l s 

c o n s t r u c t e d in t h e s e a q u i f e r s v a r i e s f rom 6 l/s to 4 l/s. 

F o u r E x a m p l e s o f D i f f e r e n t T y p e s o f C o a s t a l S a n d A q u i f e r s 

F o u r p r i n c i p a l t y p e s o f c o a s t a l s a n d a q u i f e r s w i l l b e d i s c u s s e d in t h e res t o f th i s s e c t i o n . 

Kalpitiya Coastal Sand Aquifer 

T h e K a l p i t i y a a q u i f e r is l o c a t e d o n w h a t g e o m o r p h o l o g i s t s r e f e r t o a s a Coastal Spit, a n d it is 

b e s t e x p r e s s e d in t h e K a l p i t i y a p e n i n s u l a l o c a t e d o n t h e w e s t e r n c o a s t o f Sr i L a n k a , a s s e e n 

in t h e a c c o m p a n y i n g F i g u r e 7 .2 . A s c o u l d b e s e e n in t h e F i g u r e 7 .2 , a s o m e w h a t s i m i l a r 

f o r m a t i o n is found fur ther n o r t h in the M a n n a r I s l and , a n d a l s o in the P o o n e r y n m e s o - p e n i n s u l a 

w h i c h i s l o c a t e d c l o s e t o t h e m a i n Ja f fna p e n i n s u l a . 

A s c h e m a t i c s e c t i o n a c r o s s th i s K a l p i t i y a a q u i f e r is s h o w n in F i g u r e 7 . 3 . A s s e e n in th is 

F i g u r e , t h i s a q u i f e r is b o u n d e d b y t h e s e a o n b o t h w e s t e r n a n d e a s t e r n f l a n k s , a n d it m a i n l y 

c o m p r i s e s c o a r s e g r a i n s a n d s . 

T h e g e o l o g i c a l s u c c e s s i o n in t h e K a l p i t i y a p e n i n s u l a c o n s i s t s o f s a n d y r e g o s o l s ( q u a r t z i 

p s a m m e n t a c c o r d i n g t o So i l T a x o n o m y , U S D A ) o v e r l y i n g 1 5 - 2 0 m o f c o a r s e s a n d , u n d e r l a i n 

b y c l a y s a n d M i o c e n e l i m e s t o n e a s s h o w n in F i g u r e 7 .4 . A th in f resh w a t e r l e n s o c c u r s in t h e 

s a n d , a n d ts p r e s e n t at d e p t h s o f 1-3 m o v e r m o s t o f t h e p e n i n s u l a , a s s h o w n in t h e s a m e 

F i g u r e . G r o u n d w a t e r o c c u r s in t h e l i m e s t o n e a l s o , b u t it is m o r e s a l i n e t h a n in t h e s a n d a q u i f e r 

a n d it is , t h e r e f o r e , n o t p r e s e n t l y u t i l i z e d . 

T h i s p h r e a t i c a q u i f e r is e x t e n s i v e l y p u m p e d for b o t h i r r i g a t i o n a n d d o m e s t i c w a t e r s u p p l y . 

R e c h a r g e is b y d i r e c t i n f i l t r a t i o n f rom b o t h ra infa l l a n d r e t u r n i r r i g a t i o n f low. T h e h i g h l y 

p e r m e a b l e s a n d s p e r m i t a n e x c e s s o f 5 0 p e r c e n t o f t h e w a t e r a p p l i e d t o t h e s u r f a c e t o r e a c h 

the w a t e r t a b l e . 

| A c c o r d i n g t o L a w r e n c e et a l . ( 1 9 8 9 ) , t h e g r o u n d w a t e r s y s t e m c a n b e v i s u a l i z e d a s a 

s e r i e s o f c e l l s a s s h o w n in F i g u r e 7 . 5 , a n d " w i t h i n e a c h ce l l g r o u n d w a t e r is d r a w n f rom t h e 

i r r i ga t i on w e l l a n d s p r e a d o v e r t h e c r o p p e d a r ea w h e r e m o s t o f t h e a p p l i e d w a t e r r e t u r n s t o 

t h e w a t e r t a b l e . T h e r e t u r n i r r i g a t i o n f l o w s , o n r e a c h i n g t h e w a t e r t a b l e , a r e u n l i k e l y to 

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

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

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

I v a r i e s f rom 4 0 0 to 1,500 j zS / cm o v e r m o s t o f t h e p e n i n s u l a . 

T h e r e s u l t s o f m o n i t o r i n g o f a g r o - w e l l s h a d s h o w n tha t m o s t a g r o - w e l l s h a d n i t r a t e 

• c o n c e n t r a t i o n s in e x c e s s o f t h e W H O g u i d e l i n e o f 1 1 . 3 m g N / I , w h i c h s h o w s t h e b u i l d u p o f 

n i t r a t e o v e r t h e p e r i o d 1 9 8 7 to 1 9 9 1 , a s r e p o r t e d b y K u r u p p u a r a c h c h i ( 1 9 9 5 ) . 



Figure 7 . 2 Coastal sand aquifers of Sri Lanka 
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Figure 7 . 3 Schematic section across Kalpitiya peninsula 
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Figure 7 . 4 Hydrogeological section of Kalpitiya aquifer 
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Figure 7 . 5 Groundwater flow dominated by abstraction from irrigation wells 
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F i g u r e 7.6 S c h e m a t i c c ross sect ion of Niiaveli coas ta l s a n d a q u i f e r 

Nilaveti Coastal Sand Aquifer 

T h e N i i a v e l i c o a s t a l s a n d a q u i f e r is l o c a t e d o n w h a t g e o m o r p h o l o g i s t s d e s c r i b e a s a ' r a i s e d 
b e a c h ' o f u n c o n s o l i d a t e d c o a s t a l s a n d s . T h e s e r a i s e d b e a c h e s a r e b e s t e x p r e s s e d a l o n g t h e 
e a s t e r n c o a s t l i n e o f t h i s c o u n t r y a s s h o w n in F i g u r e 7. 2 , w i t h s m a l l e r e x t e n t s a l s o f o u n d in 
t h e s o u t h e r n a n d s o u t h w e s t e r n c o a s t l i n e . T h o s e loca t ed in the B a t t i c a l o a coas t a l p l a in , e s p e c i a l l y 
b e t w e e n K a l k u d a h a n d P o t t u v i l , m a k e u p for a m a j o r p r o p o r t i o n o f t h i s f o r m a t i o n in t h e 
e a s t e r n s e a b o a r d . T h e t o w n w a t e r s u p p l y t o B a t t i c a l o a is ye t d r a w n f rom a v e r y p r o d u c t i v e 
a q u i f e r at K a l l a d i , w h i c h l i es a d j a c e n t t o t h e B a t t i c a l o a l a g o o n . 

T h e r a i s e d b e a c h e s l o c a t e d b e t w e e n T r i n c o m a l e e a n d M u l l a i t i v u h a v e b e e n i n t e n s i v e l y 
u t i l i z e d in r e c e n t t i m e s , a n d a r e a l s o c o n s i d e r e d to h a v e v e r y p r o d u c t i v e a q u i f e r s w i t h i n t h e m 
a c c o r d i n g to loca l e x p e r i e n c e . 

T h e m a j o r c o a s t a l m i n e r a l s a n d d e p o s i t o f t h e i s l a n d is l o c a t e d at P u l m o d d a i , a d j a c e n t to 
t h e A r i s a m a l a i h e a d l a n d . 

A s c h e m a t i c s e c t i o n a c r o s s t h e N i i a v e l i C o a s t a l S a n d a q u i f e r is s h o w n in F i g u r e 7 . 6 . A s 
"seen in t h i s F i g u r e , t h i s a q u i f e r is b o u n d e d b y t h e s e a o n its e a s t e r n f lank a n d b y t h e l a g o o n 
a n d m u d flat o n its w e s t e r n f lank . A s a r e su l t , t h i s a q u i f e r c a n h o l d u p the g r o u n d w a t e r for a 
l o n g e r p e r i o d t h a n in t h e c a s e o f t h e K a l p i t i y a a q u i f e r w h i c h is b o u n d e d b y t h e s e a o n b o t h 
s i d e s . 

T h i s s a n d y r e g o s o l o f t h e N i i a v e l i a q u i f e r h a s m o r e ' b o d y ' t han t h e K a l p i t i y a s a n d s b e c a u s e 
o f t h e p r e s e n c e o f a s m a l l a m o u n t o f c l a y in t h e so i l b o d y . It a l s o r e c e i v e s a h i g h e r ra infa l l 
d u r i n g t h e n o r t h e a s t m o n s o o n s e a s o n , a n d it c an t h u s s t o r e m o r e w a t e r in its g r o u n d w a t e r 
l ens w h i c h is a l s o l a r g e r in v o l u m e t h a n t h e K a l p i t i y a aqu i f e r . 

T h i s a q u i f e r h a s b e e n s t u d i e d b y t h e W R B in c o l l a b o r a t i o n w i t h t h e G T Z w h i c h h a s b e e n 
f u n d i n g t h e s e s t u d i e s s i n c e A u g u s t 1 9 9 9 . T h r e e c o m p o n e n t s t u d i e s h a v e b e e n in p r o g r e s s 
s i n c e 1 9 9 9 / 2 0 0 0 . T h e s e a r e a s f o l l o w s : 
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i. A g r o - w e l l I n v e n t o r y 
ii. A g r o - w e l l M o n i t o r i n g 

iii. H y d r o g e o l o g i c a l a n d W a t e r B a l a n c e 

T h e m o r e i m p o r t a n t r e s u l t s f r o m e a c h o f t h e f o r e g o i n g s t u d i e s is g i v e n b e l o w : 

A c r o s s an e x t e n t o f a p p r o x i m a t e l y 1,600 h a , a to ta l o f 9 5 8 w e l l s w e r e i d e n t i f i e d a n d 
d e m a r c a t e d o n m a p s o f s c a l e 1 :6 .250 . It w a s found tha t t h i s to ta l o f 9 5 8 w e l l s w a s m a d e u p 
o f 4 0 0 a g r o - w e l l s , 3 9 4 d o m e s t i c w e l l s , a n d 164 a b a n d o n e d w e l l s . 

A l s o , o f t h e s e 9 5 8 w e l l s , t h e r e w e r e 7 3 9 t h a t w e r e m o r e t h a n 1 0 y e a r s o l d a n d t h e r e s t 
w e r e l e s s t h a n 10 y e a r s o l d . 

T h e w a t e r l eve l o f w e l l s at t h e e n d o f t h e r a i n y s e a s o n is c l o s e t o t h e s u r f a c e , a n d at t h e 
e n d o f t h e d r y s e a s o n t h e r e is a 2 t o 4 m d e p t h o f w e l l w a t e r . T h e e l e c t r i c a l c o n d u c t i v i t y o f 
w e l l w a t e r s is w i t h i n t h e n o r m a l r a n g e , e x c e p t in a r e a s c l o s e to t h e s e a . 

U s i n g t h e g e o p h y s i c a l r e s i s t i v i t y m e t h o d , t h e t h i c k n e s s a n d d i m e n s i o n s o f t h e w a t e r l e n s in 
t h r e e s e l e c t e d t r a n s e c t s o f t h e a q u i f e r w a s e s t i m a t e d . 

T h e to ta l g r o u n d w a t e r f l ow in t h e s o u t h e r n ( N i l a v e l i ) a n d n o r t h e r n ( K u m b u r u p p i d d i ) 
s e g m e n t s o f t h e a q u i f e r w a s e s t i m a t e d . T h e c a l c u l a t e d a v e r a g e r e c h a r g e o f t h i s a q u i f e r 
s h o w s a v a l u e o f 4 . 0 5 m e m for t h e N i l a v e l i s e g m e n t , a n 2 . 3 6 m e m for t h e K u m b u r u p p i d d i 
s e g m e n t . 

T h e s a f e y i e l d for t h e N i l a v e l i s e g m e n t is 2 . 4 3 m e m , w h i l e t h a t for t h e K u m b u r u p p i d d i 
s e g m e n t is 1.42 m e m . F o r t h e K u m b u r u p p i d d i s e g m e n t , a n a d d i t i o n a l 0 . 5 4 m e m o f g r o u n d w a t e r 
is fu r the r a v a i l a b l e for e x p l o i t a t i o n . 

Koggala Coastal Sand Barrier Beach and Incipient Dune 

• I n v e s t i g a t i o n s o n t h i s a q u i f e r h a v e b e e n c o n d u c t e d b y t h e W R B o n b e h a l f o f t h e B o a r d o f 
I n v e s t m e n t ( B O I ) , for t h e s o u t h e r n i n d u s t r i a l p a r k d u r i n g t h e p e r i o d 1 9 9 0 . T h e l o c a t i o n o f t h e 
p r o j e c t a r e a is s h o w n in F i g u r e 7 . 7 . 

A s s h o w n in t h i s F i g u r e , t h i s b a r r i e r b e a c h is b o u n d e d b y t h e K o g g a l a l a k e in t h e n o r t h , a n d 

t h e s e a in t h e s o u t h . T h i s b e a c h is a l s o p r o t e c t e d o n i ts s e a w a r d s i d e b y a s h a l l o w f r i n g i n g 

reef . T h e K o g g a l a l a k e i t s e l f r e c e i v e s t h e r u n o f f f r o m i t s o w n c a t c h m e n t w h i c h i s a r o u n d 6 0 

sq . k m , a n d its ou t f a l l t o t h e s e a is a t K a t a l u w a , a s s h o w n in f i g u r e 7 . 7 . 

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

l i t t le m o r e t h a n 3 in a b o v e m . s . l . I n c i p i e n t d u n e s , w h i c h a r e t y p i c a l o f t h e w e t z o n e c o a s t , fo rm 

a p a t c h o f o v e r 5 0 m w i d t h b e h i n d t h e b e a c h . T h e so i l s in the c o a s t a l l o w l a n d s a r e p r e d o m i n a n t l y 

r e c e n t s a n d s , a n d in a f e w p l a c e s in t h e o f f s h o r e a r e a c o r a l r e e f s a r e v i s i b l e . 

A s o u t h - n o r t h c r o s s s e c t i o n a c r o s s th i s c o a s t a l s a n d f o r m a t i o n is s h o w n in F i g u r e 7. 8 a n d 
it s h o w s tha t t h i s c o a s t a l s a n d f o r m a t i o n is u n d e r l a i n b y w e a t h e r e d b a s e m e n t r o c k b e l o w 12 m 
d e p t h . 
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Figure 7 .7 Koggala project area location 

T h e m a i n a q u i f e r is l o c a t e d w i t h i n th is s a n d a n d cora l s a n d a d m i x t u r e . T h e d e p t h t o b a s e m e n t 

f loo r in th i s f o r m a t i o n v a r i e s w i t h i n t h e r a n g e o f 1 5 - 2 0 m . 

B e c a u s e t h i s f o r m a t i o n is l o c a t e d w e l l w i t h i n t h e w e t z o n e a g r o c l i m a t i c r e g i o n s a s s e e n in 

F i g u r e 7 .2 , it r e c e i v e s a y e a r r o u n d r e c h a r g e w i t h t h e m e a n a n n u a l r a in fa l l o f m o r e t h a n 

2 , 5 0 0 m m , e x c e p t for a v e r y s h o r t p e r i o d in F e b r u a r y - M a r c h . T h e f r e q u e n t l y r e p l e n i s h e d 

fresh w a t e r in t h e a d j a c e n t K o g g a l a l a k e h e l p s to m a i n t a i n t h e r e g u l a r r a i n f a l l r e c h a r g e t o t h i s 

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

T h e s e v e r a l s m a l l i s l ands w i th in the K o g g l a l ake a r e o n t h e o u t c r o p p i n g b a s e m e n t c h a r n o k i t i c 

r o c k s , a n d s o is t h e n o r t h e r n f r i nge o f t h e l a k e s h o r e l i n e . 

A r o u n d 3 5 b o r e h o l e s o f 2 0 c m d i a m e t e r w e r e d r i l l e d t o d e p t h s v a r y i n g f r o m 8 t o 15 m . 

T e s t b o r e h o l e s r e v e a l t h a t f resh w a t e r in th i s a q u i f e r o c c u r s d o w n to a d e p t h o f 10 m , b e y o n d 

w h i c h s a l i n e w a t e r is e n c o u n t e r e d . In g e n e r a l , t h e e l e c t r i c a l c o n d u c t i v i t y ( E C ) o f t h e w a t e r in 

t h e t es t b o r e h o l e s s h o w e d v a l u e s o f l e s s t h a n 7 5 0 / i S / c m u p to d e p t h o f 1 0 - 1 2 m . H a r d n e s s 

a n d c h l o r i d e s w e r e f o u n d to b e w e l l w i t h i n p e r m i s s i b l e l e v e l s a s for d r i n k i n g w a t e r s t a n d a r d s . 

H o w e v e r , w a t e r w i t h a h i g h i ron c o n t e n t w a s r e p o r t e d f rom t h e c e n t r a l p o r t i o n o f t h e B O I 

p r o j e c t a r e a . 

A t p r e s e n t , t en p r o d u c t i o n w e l l s a r e b e i n g o p e r a t e d for t h e B O I r e q u i r e m e n t s , a n d a r o u n d 

19 m i l l i o n l i t res o f w a t e r is b e i n g p u m p e d p e r m o n t h . In a d d i t i o n , 24 w e l l s h a v e b e e n m o n i t o r e d 

for w a t e r l eve l v a r i a t i o n , b u t t o d a t e n o s i g n i f i c a n t v a r i a t i o n in w a t e r l e v e l s h a s b e e n o b s e r v e d . 



C. R. Panabokke 9 3 

Figure 7.8 North - South section of Koggala aquifer 
(Main aquifer consis ts of sand clay and th ickness o f this aquifer is 
rang ing from 10-20m) 

Katunayake Free Trade Zone - Coastal Sands on Old (Prior) Beach Plain 

I n v e s t i g a t i o n s o n t h i s a q u i f e r h a v e b e e n c o n d u c t e d b y t h e W R B o n b e h a l f o f b o t h t h e F r e e 

T r a d e Z o n e ( F T Z ) a n d B o a r d o f I n v e s t m e n t ( B O I ) f r o m 1 9 7 8 . T h e l o c a t i o n o f t h e p r o j e c t 

a r e a is s h o w n in F i g u r e 7 . 1 0 . 

A s s h o w n in th is F i g u r e 7 .9 , t h i s f o r m a t i o n is s i t u a t e d o n an o l d ( p r i o r ) b e a c h p l a in s t r e t c h i n g 

f rom K o c h c h i k a d e t h r o u g h N e g o m b o - K a t u n a y a k e - S e e d u w a - J a - E l a - K a n d a n a in a b e l t 

o f v a r y i n g w i d t h o f a r o u n d 4 m i l e s in its n o r t h e r n a s p e c t s a r o u n d K o c h c h i k a d e - N e g o m b o ; 

a n d 2 m i l e s in its s o u t h e r n a s p e c t s a r o u n d K a t u n a y a k e - S e e d u w a a n d a g a i n w i d e n i n g t o w a r d s 

E k a l a t o a r o u n d a 3 m i l e w i d t h . 

T h e W R B i n i t i a t e d its s t u d i e s o n t h i s a q u i f e r d u r i n g 1 9 7 8 - 1 9 7 9 , w h e r e 5 0 w e l l s w e r e 

d r i l l e d a r o u n d t h e K a t u n a y a k e I n t e r n a t i o n a l A i r p o r t ( K I A ) a r e a . T h i s i n v e s t i g a t i o n w a s 

u n d e r t a k e n to p r o v i d e t h e w a t e r r e q u i r e m e n t s o f t h e K I A . P r o d u c t i o n w e l l s y i e l d i n g b e t w e e n 

2 0 - 5 0 g a l / m i n . w e r e s u c c e s s f u l l y p r o s p e c t e d . E v e n w i t h t h e r a p i d l y i n c r e a s i n g d e m a n d , t h e 

to ta l w a t e r r e q u i r e m e n t o f t h i s w h o l e a i r p o r t c o m p l e x is m e t f r o m w e l l s . T h e w a t e r l eve l is 

a r o u n d 5 t o 8 m b e l o w g r o u n d l e v e l . A v e r a g e g r o u n d w a t e r a b s t r a c t i o n is a r o u n d 1 0 , 0 0 0 -

1 2 , 0 0 0 m V d a y . 

T h e m a i n a q u i f e r c o n s i s t s o f s a n d a n d s a n d y c l a y a n d t h i s f o r m a t i o n h a s a t h i c k n e s s 

r a n g i n g f rom 10 to 15 m ; a n d t h i s is u n d e r l a i n b y a n o t h e r a q u i f e r w h o s e t h i c k n e s s r a n g e s 

b e t w e e n 8 t o 15 m . 



94 Groundwater Conditions in Sri Lanka 

Kalunalake ^ ' 

Gam pa ha 

. Kandana 

LEGEND 

Roods 

Streams 

• Ok) beach plain 

Confined to the old beach plains that 
covers the area from Chilaw 
southwards to Kochchikade -
Negombo - Katunayake - Seeduwa -
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This old coas t s and plain lies adjacent 
to several rivers sys tem such a s 
Kimbulapitiya oya and Dandugam 
oya, thus provide additional recharge 
to the aquifer 

Figure 7 . 9 O ld beach plain from Chilaw to Kandana 

F r o m 1 9 8 0 o n w a r d s , a fu r the r 140 w e l l s w e r e d r i l l e d f rom N e g o m b o to J a - E l a i n c l u d i n g 

t h e B O I a n d K a t u n a y a k e a r e a s . B e c a u s e o f t h e v e r y g o o d r e c h a r g e f r o m ra in fa l l in th i s w e t -

i n t e r m e d i a t e z o n e r e g i o n , b o t h t h e y i e l d a n d q u a l i t y o f th i s g r o u n d w a t e r is h i g h l y s a t i s f a c t o r y . 

M o r e r e c e n t l y , a to ta l o f 15 tes t w e l l s w e r e d r i l l e d b e t w e e n J a - E l a a n d N e g o m b o , t h r o u g h 

th i s o l d b e a c h p l a i n , w i t h i n a 1 0 0 to 150 m c o a s t a l s t r i p . T h e d e p t h o f t h e s e w e l l s w a s l i m i t e d 

to 15 m in o r d e r to p r e v e n t a n y s a l i n e w a t e r i n t r u s i o n . It w a s f o u n d tha t w e l l s l o c a t e d m o r e 

t h a n 150 rn f rom t h e c o a s t l i n e h a d an E C v a l u e o f l e s s t h a n 5 0 0 / x S / c m , w h i l e t h e s e t h a t w e r e 

w i t h i n 100 m f rom t h e c o a s t l i n e h a d an E C b e t w e e n 5 0 0 to 1,000 / i S / c m . 

A s c o u l d b e s e e n in F i g u r e 7 . 1 0 , t h e r e is a l i k e l i h o o d o f b o t h t h e K i m b u l a p i t i y a O y a a n d the 

D a n d u g a m O y a a u g m e n t i n g t h e a q u i f e r r e c h a r g e in a d d i t i o n t o t h e r a in fa l l r e c h a r g e , t h u s 

e n r i c h i n g th i s aqu i f e r . 
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F i g u r e 7,10 Loca t ion of K a t u n a y a k e Free T r a d e Z o n e 

P r e s e n t U t i l i z a t i o n a n d P o t e n t i a l T h r e a t s 

T h e K a l p i t i y a p e n i n s u l a c o u l d b e c o n s i d e r e d a s o n e o f t h e b e s t e x a m p l e s o f a S h a l l o w C o a s t a l 

S a n d A q u i f e r w h i c h h a s , o v e r t h e p a s t 17 y e a r s , b e e n s u b j e c t t o e x t r e m e e x p l o i t a t i o n for 

i n t e n s i v e a g r i c u l t u r e . K u r u p p u a r a c h c h i ( 1 9 9 5 ) r e p o r t s t h a t t h e r e h a s b e e n a g r a d u a l b u i l d u p 

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

p e n i n s u l a . T h e n i t r a t e c o n c e n t r a t i o n in w e l l w a t e r h a s e x c e e d e d t h e W H O r e c o m m e n d e d 

v a l u e s , m a k i n g it u n s u i t a b l e for h u m a n c o n s u m p t i o n . H e a l s o o b s e r v e s t h a t s o m e s e c t i o n s o f 

t h e p e n i n s u l a a r e m o r e p r o n e to s a l i n e w a t e r i n t ru s ion t h a n o t h e r s ; a n d tha t e x p l o i t a t i o n o f t h e 

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

A s i d e f rom t h e K a l p i t i y a p e n i n s u l a t h e r e h a s b e e n a n i n c r e a s i n g e x p l o i t a t i o n o f t h i s v e r y 

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

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



% Groundwater Conditions in Sri Lanka 

u s e d in a v e r y s p a r i n g m a n n e r b y h o m e s t e a d s e t t l e m e n t s , h a s n o w g i v e n w a y to s e v e r a l 

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

s a l i n e w a t e r i n t r u s i o n in to t h e aqu i fe r . S i m i l a r l y , s o m e o f t h e l e s s s h a l l o w b u t m o r e p r o d u c t i v e 

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

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

t h e aqu i f e r . 

It w o u l d a l s o b e n e c e s s a r y to d o c u m e n t t h e p r e s e n t s t a t u s o f t h e v e r y s i g n i f i c a n t e x t e n t s 

o f s h a l l o w u n c o n f i n e d a q u i f e r s o f t h e e a s t e r n a n d n o r t h e a s t e r n c o a s t s in t h e K a l m u n a i , 

B a t t i c a l o a , K a l k u d a h , T r i n c o m a l e e , N i l a w e l i a r e a s w h i c h a r e w e l l k n o w n for t h e i r t y p i c a l 

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

h e a v i l y e x p l o i t e d a q u i f e r s in K a l p i t i y a a n d in t h e w e s t e r n c o a s t . 

T h e T s u n a m i o f D e c e m b e r 2 0 0 4 h i t t h e Sri L a n k a n c o a s t w i t h v a r i o u s i m p a c t s , e s p e c i a l l y 

•the e a s t e r n , n o r t h e r n a n d s o u t h e r n c o a s t s . T h o u g h t h e p e r i o d o f f l o o d i n g c a u s e d b y t h e 

T s u n a m i w a s o f s h o r t d u r a t i o n , t h e sal t w a t e r i n t ru s ion in t h e s e s a n d y r e g o s o l s w a s s i g n i f i c a n t 

b e c a u s e o f t h e i r h i g h p e r m e a b i l i t y . It is e s t i m a t e d tha t a s t r e t c h o f l a n d b e t w e e n 5 0 m a n d 

m o r e t h a n 1 k m f rom t h e c o a s t w a s i n u n d a t e d . T h e g r e a t e r i n u n d a t i o n w a s in t h e e a s t e r n 

s e a b o a r d w h i c h is m a d e u p o f n o r t h - s o u t h t r e n d i n g b a r r i e r - b e a c h e s o f v a r y i n g w i d t h u p to 5 0 

k m w i d e . T h e s e s a n d y r e g o s o l b e a c h e s h a d to face t h e full b l a s t o f t h e T s u n a m i f rom K o m a r i 

in t h e s o u t h t o K a l k u d a h f u r t h e r n o r t h . 

T h e s o u t h e r n c o a s t s w h i c h a r e p r e d o m i n a n t l y o f t h e ' B a y a n d H e a d l a n d ' t y p e s u f f e r e d 

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

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

T h e T s u n a m i a f f e c t e d t h e g r o u n d w a t e r in v a r i o u s w a y s , t h e m o s t n o t a b l e b e i n g t h e 

s a l i n i z a t i o n o f t h e g r o u n d w a t e r o f t h e s e c o a s t a l s a n d a q u i f e r s . T h e s h a l l o w g r o u n d w a t e r 

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

t h e s e s a n d y r e g o s o l s . 

A v e r y r e c e n t p u b l i c a t i o n t i t i l e d Tsunami Impacts on Shallow Groundwater and 

Associated Water Supply on the East Coast of Sri Lanka b y K. G. V. V i l l h o l t h e l a l . ( 2 0 0 5 ) 

p r o v i d e s a v e r y g o o d e x p l a n a t i o n o f t h e p r o c e s s e s i n v o l v e d in t h e T s u n a m i i n c u r s i o n a n d it 

a l s o d i s c u s s e s a p r o p o s e d r e h a b i l i t a t i o n b a s e d o n a m o n i t o r i n g a n d r e s e a r c h s t r a t e g y . 
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8 
AQUIFERS OF VARIABLE DEPTH O N ALLUVIUM 
OR ALLUVIAL AQUIFERS 

P r e v i o u s S t u d i e s 

A l l u v i u m , in its b r o a d e s t s e n s e , is a p p l i e d to c lay , s i l t a n d s a n d b r o u g h t d o w n b y s t r e a m s a n d 
r i v e r s a n d d e p o s i t e d in t h e i r l o w e r r e a c h e s o f f l ood p l a i n s . 

D e s p i t e i ts w i d e s p r e a d o c c u r r e n c e t h r o u g h o u t t h e c o u n t r y a n d a l s o t h e m a n y w a y s tha t it 
is b e i n g e x p l o i t e d , t h e r e a r e c o m p a r a t i v e l y v e r y few r e p o r t e d s t u d i e s o n t h e a l l u v i a l a q u i f e r s 
o f t h i s c o u n t r y . 

T h e o n l y r e p o r t e d s t u d y o n a h i g h e r o r d e r r i v e r is t ha t b y S i r i m a n n e ( 1 9 5 7 ) o n t h e M i O y a 
a l l u v i u m ; a n d o n a l o w e r o r d e r river is t ha t b y C o a t e s ( 1 9 2 9 ) o n t h e K i r a m a O y a a l l u v i a l 
fo rma t ion . 

In an i n v e s t i g a t i o n c a r r i e d o u t b y W a d i a ( 1 9 4 1 ) , h e e s t i m a t e s t h e d e p t h o f t h e a l l u v i u m o f 
t h e K e l a n i G a n g a as b e i n g m o r e t h a n 5 0 ft. A b o r i n g m a d e w i t h i n t h e f l ood p l a i n o f t h e r i v e r 
p r o v e d t h e p r e s e n c e o f r i v e r g r a v e l a t 6 2 ft b e l o w m. s . I . a n d t h i c k n e s s o f n e a r l y 7 2 ft o f 
a l luv ium. 

It is r e p o r t e d tha t t h e t o w n o f C h i l a w is s u p p l i e d f r o m w e l l s s u n k in t h e f l ood p l a i n o f t h e 
D e d u r u O y a , b u t t h a t t h e w a t e r in th i s i n s t a n c e o c c u r s a s o r d i n a r y g r o u n d w a t e r a n d n o t a s 
w a t e r u n d e r a r t e s i a n c o n d i t i o n s . 

C o o r a y ( 1 9 6 7 ) r e p o r t s t h a t in t h e M a d a m p e t o w n in t h e N o r t h W e s t e r n P r o v i n c e , a b e d o f 
g r a v e l 5 t o 18 feet t h i c k is o v e r l a i n b y 10 to 3 0 feet o f red e a r t h ( r e d l a t o s o l ) w i t h f ine s a n d . 
T h e g r a v e l a p p e a r s to b e t h e p r i n c i p a l a q u i f e r in t h e a r e a a n d m o s t o f t h e w e l l s d e r i v e t h e i r 
w a t e r f rom it. 

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

t h e last 2 5 y e a r s , a n d t h e s e a r e r e p o s i t e d in t h e l i b r a r y o f t h e W R B . 

M a i n P r o p e r t i e s 

A s w a s p o i n t e d o u t in C h a p t e r 3 t h e s e t o f a l l u v i a l a q u i f e r s in t h i s c o u n t r y c o n s t i t u t e o n e o f 

t h e m o s t d i v e r s i f i e d f o r m s in t h e t r o p i c a l r e g i o n . T h e y o c c u r o v e r s e v e r a l d i v e r s i f i e d a l l uv i a l 

land f o r m s , s u c h as coas t a l a n d in land f loodpla ins , d e p o s i t i o n a l r iver v a l l e y s , b u r i e d r iver c h a n n e l s 
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a n d s m a l l e r r i v e r s ( o y a s ) w i t h a l l u v i a l d e p o s i t s o f v a r y i n g d e p t h . T h e m i n o r r i v e r s a n d o y a s 

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

A l l u v i a l d e p o s i t s c o v e r s i g n i f i c a n t a r e a s o f t h e c o u n t r y , p a r t i c u l a r l y in t h e l o w e s t p e n e p l a i n 
w h e r e t h e r i v e r s o v e r f l o w t h e i r b a n k s d u r i n g p e r i o d s o f f lood . T h e s t r e t c h e s o f a l l u v i u m a r c 
p a r t i c u l a r l y e x t e n s i v e n e a r t h e c o a s t , a s in t h e c a s e o f t h e K e l a n i G a n g a , M a h a w e l i G a n g a , 
D e d u r u O y a , M i O y a , B e n t o t a G a n g a a n d K i r i n d i O y a . T h e s e a l l u v i a l d e p o s i t s c o u l d b e q u i t e 
t h i c k a s in t h e c a s e o f t h e K e l a n i G a n g a v a l l e y n e a r M a l w a n a w h e r e it g o e s d o w n to a b o u t 2 0 
ft b e l o w s e a l e v e l . 

T h i s g r e a t t h i c k n e s s o f t h e a l l u v i u m is t h e r e su l t o f t h e g r a d u a l s u b s i d e n c e tha t h a s t a k e n 
p l a c e d u r i n g t h e Q u a t e r n a r y p e r i o d ; a s c o u l d b e s e e n in t h e c a s e o f t h e b e d o f t h e K a l u 
G a n g a , w h i c h is 6 0 ft b e l o w s e a l eve l fu r the r i n l a n d , a n d w h e r e t h e w a t e r c a n b e o n l y a foot 
o r t w o a b o v e s e a l e v e l . 

A c c o r d i n g to C o o r a y ( 1 9 6 7 ) " O n e o f t h e l a r g e s t c a r r i e r s o f g r o u n d w a t e r a m o n g t h e 
s e d i m e n t a r y f o r m a t i o n s is a l l u v i u m , w h i c h in t h e m a j o r r i v e r v a l l e y s , m a y v a r y f r o m 3 0 to 4 0 
feet t o 100 feet in t h i c k n e s s a n d m a y e x t e n d l a t e r a l l y for h u n d r e d s o f feet o n e i t h e r s i d e o f t h e 
r i v e r b e d . " 

T h e M a h a w e l i G a n g a at t h e r a i l w a y c r o s s i n g at M a n a m p i t i y a is 9 0 0 feet w i d e w i t h i n t h e 
r i v e r c h a n n e l , a n d t h e a l l u v i u m is o v e r a m i l e w i d e w i t h a d e p t h o f 6 0 to 9 0 feet . A s i g n i f i c a n t 
a m o u n t o f u n d e r f l o w o f g r o u n d w a t e r t a k e s p l a c e in s u c h e x t e n s i v e t r a c t s o f a l l u v i u m . 

O n e o f the b e s t e x a m p l e s o f a p u b l i s h e d s t u d y o n a m a j o r a l luv ia l a q u i f e r is t ha t b y S i r i m a n n e 
( 1 9 5 9 ) o f t h e M i O y a , f rom w h i c h t h e P u t t a l a m w a t e r s u p p l y is d r a w n ; w h i l e tha t o f a a l l u v i u m 
o f a m i n o r r i v e r is b y C o a t e s ( 1 9 2 9 ) o n t h e g r o u n d w a t e r s t o r a g e o f t h e K i r a m a O y a n e a r 
T a n g a l l e f rom w h i c h t h e t o w n w a t e r s u p p l y w a s d r a w n . T h e s e t w o s t u d i e s a r e d e s c r i b e d in 
th i s s e c t i o n in o r d e r t o p r e s e n t t h e m a i n p r o p e r t i e s o f t h e t w o t y p e s o f a l l u v i a l a q u i f e r s . 

F igu re 8.1 S c h e m a t i c sect ion M i O y a aqu i fe r (after C. H. L.Sir imanne, 1957) 
1- clay; 2- sand; 3 - black, peaty clay; 4 - black, impermeab le clay; 5 - gray, plastic clay; 
6- bedrock , probably Miocene l imestone. 
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A s c h e m a t i c s e c t i o n o f t h e a q u i f e r o f t h e M i O y a f rom w h i c h t h e P u t t a l a m t o w n w a t e r 
s u p p l y is d r a w n is s h o w n in F i g u r e 8 . 1. A s s e e n in t h i s F i g u r e , t h e a q u i f e r w h i c h is s i t u a t e d 
in t h e s a n d y l a y e r w h i c h is a r o u n d five fee t in t h i c k n e s s is o v e r l a i n b y a c l a y l aye r , a n d a l s o 
u n d e r l a i n b y b l a c k a n d g r e y p l a s t i c c l a y s . T h e p o r o s i t y o f t h e s a n d y l a y e r is a r o u n d 2 5 
p e r c e n t a n d t h e to ta l s t o r a g e c a p a c i t y o f t h i s l a y e r is a r o u n d 3 0 m i l l i o n g a l l o n s a n d it p r o v i d e s 
3 0 0 , 0 0 0 g a l l o n s o f w a t e r p e r d a y . W h a t is i m p o r t a n t a b o u t t h i s a q u i f e r is t h a t it g e t s r e c h a r g e d 
e a c h y e a r b y t h e s e e p a g e o f w a t e r f rom t h e M i O y a d u r i n g 1 5 0 d a y s o f t h e y e a r w h e n it is in 
f low. T h u s , t h e a m o u n t o f r e c h a r g e o f a b o u t 9 0 m i l l i o n g a l l o n s is su f f i c i en t fo r t h e to ta l a n n u a l 
c o n s u m p t i o n , a n d it is o n l y in an e x c e p t i o n a l l y d r y y e a r tha t t h e g r o u n d s t o r a g e r e s e r v e s n e e d s 
to b e d r a w n u p o n . 

A s c h e m a t i c s e c t i o n a c r o s s t h e K i r a m a O y a w h i c h s h o w s t h e g r o u n d w a t e r s t o r a g e in a 
b u r i e d r i v e r c h a n n e l is i l l u s t r a t e d in F i g u r e 8 . 2 . A s s e e n f rom t h i s F i g u r e a n a l l u v i a l c l a y l a y e r 
( a ) o v e r l i e s a 3 0 ft t h i c k l a y e r o f s a n d s a n d s a n d y c l a y ; ( b ) w h i c h in t u r n o v e r l i e s a b e d o f 
g r a v e l s ; ( c ) t h e s e b o t t o m g r a v e l s a r e i m p o r t a n t w a t e r b e a r i n g h o r i z o n s a n d t h e r e c h a r g e o f 
t h e g r o u n d w a t e r t a k e s p l a c e w i t h i n t h i s l a y e r o f b o t t o m g r a v e l s b y r e p l e n i s h m e n t in t h e u p p e r 
r e a c h e s o f t h e s t r e a m . 

A c c o r d i n g to C o a l e s ( 1 9 2 9 ) t h e e x i s t e n c e o f ' s u b - a r t e s i a n ' s p r i n g s f u r t h e r u p s t r e a m is 

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

F i g u r e 8 .2 S c h e m a t i c sect ion ac ros s K i r a m a O y a a q u i f e r 
(after Coates , 1929) 

a - Alluvial c lay 6ft thick; b - Sands and sandy clays 30ft thick 

c - Bed of quartz gravel at bot tom of old channel; d - Gneissic bedrock I and 2 - Surface streams 

In t h e w e t z o n e , t h e s h a l l o w e r a n d s m a l l e r a q u i f e r s o c c u r w i t h i n t h e a l l u v i a l d e p o s i t s o f 
t h e m i n o r r i v e r s ( o y a s ) a n d s t r e a m s . T h e s e a q u i f e r s a r e g e n e r a l l y s h a l l o w a n d a r e d i r e c t l y 
c o n n e c t e d to t h e s u r f a c e w a t e r in s t r e a m s a n d r i v e r s . E v e n in p e r i o d s o f l o w s u r f a c e f low, 
t h e s e a q u i f e r s g e t q u i c k l y r e c h a r g e d . 

T h e a l l u v i a l a q u i f e r s o f t h e l a r g e r r i v e r s y s t e m s , e s p e c i a l l y t h o s e tha t f l o w o u t t o t h e s e a in 

t h e s o u t h w e s t e r n p a r t o f t h e c o u n t r y d o n o t g e t s i g n i f i c a n t l y r e d u c e d d u r i n g e x t r e m e s o f 
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d r o u g h t b e c a u s e t h e y a r c d e e p e r a n d h a v e a w i d e r a l l u v i a l fill a s d e s c r i b e d e a r l i e r in th is 
C h a p t e r . 

S i r i m a n n e ( 1 9 6 4 ) c o n s i d e r s t h e g r o u n d w a t e r p o t e n t i a l o f t h e a l l u v i a l a q u i f e r s o f t h e d r y 
z o n e in t h e f o l l o w i n g t e r m s . 

" T h e a l l u v i u m o f t h e m a j o r r ive r s y s t e m s of ten s t o r e c o n s i d e r a b l e a m o u n t s o f g r o u n d w a t e r 

tha t d r a i n s t o t h e s e a s l o w l y a s u n d e r f low. T h i s w a t e r c o u l d b e c o n s e r v e d for u s e . T h e 

r e l a t i v e l y l o w r e l i e f a n d th in soil c o v e r , g e n e r a l l y less t h a n 4 0 to 5 0 ft t h i c k in th i s z o n e , r e su l t s 

in v e r y m e a g r e s t o r a g e o f w a t e r u n d e r g r o u n d . A c o n t i n u o u s w a t e r t a b l e o c c u r s o n l y for a 

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

a n d t o w a r d s t h e e n d o f t h e d r y s e a s o n w a t e r is found o n l y in i s o l a t e d p o c k e t s o f d e c o m p o s i t i o n 

in t h e c r y s t a l l i n e r o c k f loor , o r in a r e a s w h e r e t h e w a t e r t a b l e is a r t i f i c i a l l y m a i n t a i n e d b y 

m e a n s o f a t a n k o r i r r i g a t i o n c h a n n e l " . 

R a t i o n a l U t i l i z a t i o n 

A v e r y g o o d e x a m p l e o f a s u s t a i n a b l e u s e o f an a l l u v i a l a q u i f e r c o u l d b e h a d f rom t h e o ld 
K i r i nd i O y a i r r iga t ion p ro j ec t a t T i s s a m a h a r a m a , w h i c h is s i t u a t e d o n t h e ' f l a t a l l u v i a l p l a i n ' o f 
t h e l o w e r K i r i n d i O y a , b e t w e e n T i s s a m a h a r a m a a n d M a h a g a m a . A s s h o w n in 
F i g u r e 8 . 3 , w a t e r d i v e r t e d f rom t h e o l d E l l e g a l a a n i c u t ( r e s t o r e d in 1 8 9 7 ) a u g m e n t s t h e t h r e e 
i r r i ga t i on t a n k s o f W i r a w i l a ( R i g h t B a n k ) , T i s s a w e w a a n d Y o d a w e w a (Le f t B a n k ) . B e c a u s e 
o f t h e v e r y flat t o p o g r a p h y o f t h i s a l l u v i a l p l a i n , b o t h ra infa l l a n d t h e i r r i g a t i o n w a t e r s a r e 
e a s i l y c o n s e r v e d w i t h i n t h i s c o m m a n d a r e a , w i t h a m i n i m u m l o s s o f g r o u n d w a t e r to the 
i n c i s e d r i v e r f l ow a n d to s u r f a c e r u n - o f f 

S t a b l e h u m a n s e t t l e m e n t h a s b e e n g o i n g o n s i n c e 1 8 9 7 in t h i s flat p l a i n b e c a u s e o f t h e 
a s s u r e d a v a i l a b i l i t y o f g r o u n d w a t e r t h r o u g h t h e y e a r s to t h e s e t t l e r s w h o s e h o m e s t e a d s a r e 
l o c a t e d w i t h i n th i s flat a l l uv i a l p l a in . 

D u r i n g t h e r a i n y Maha s e a s o n t h e a q u i f e r is n a t u r a l l y r e - c h a r g e d ; a n d d u r i n g t h e d r y Ya/a 
s e a s o n t h e i r r i ga t i on i s s u e s f rom t h e t h r e e i r r iga t ion r e s e r v o i r s ( t a n k s ) h e l p to k e e p th is a l l uv i a l 
a q u i f e r r e c h a r g e d . 

A s c h e m a t i c c r o s s s e c t i o n ( E a s t - W e s t ) o r i e n t a t i o n s h o w n in F i g u r e 8 . 4 i l l u s t r a t e s t h e 
m a n n e r o f r e c h a r g e t h a t t a k e s p l a c e o n th is flat a l l u v i a l p l a i n . 
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F i g u r e 8.3 Fla t a l luvial p la in of Ki r ind i O y a I r r i g a t i o n P ro j ec t 

HHWK.O.I.3.P. 
IRRIGATION SYSTEM 

M cms) » 

F i g u r e 8.4 S c h e m a t i c c ross sect ion ( E a s t - W e s t ) o r i e n t a t i o n s h o w i n g 
t h e m a n n e r of r e c h a r g e f rom old a n d n e w i r r i g a t i o n c a n a l s 
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9 
LATERITE (CABOOK) AQUIFERS OF SOUTH -
WEST SRI LANKA 

P r e v i o u s S t u d i e s 

T h e R a g a m a t o w n a r e a is s i t u a t e d in a t y p i c a l l a t e r i t e a r e a . A n i n v e s t i g a t i o n w a s c a r r i e d o u t 
b y t h e P u b l i c W o r k s D e p a r t m e n t f rom M a r c h 1 9 2 9 to M a r c h 1 9 3 2 o n t h e y i e l d o f w e l l s 
l o c a t e d in t h i s a r e a . R e s u l t s f r o m th i s s t u d y w e r e p u b l i s h e d b y M a h a d e v a ( 1 9 3 4 ) , w h i c h 
s e r v e to i l l u s t r a t e t h e n a t u r e o f o c c u r r e n c e a n d b e h a v i o u r o f t h e w a t e r t a b l e c o n d i t i o n s in th i s 
l a t e r i t e f o r m a t i o n . 

T h e w a t e r t a b l e w a s f o u n d to o s c i l l a t e o v e r a r a n g e o f 2 0 ft a t t h e t o p o f t h e i a n d f o r m to 
a b o u t 10 ft o n t h e l o w e r s l o p e s . T h e r i s e o f t h e w a t e r t a b l e w a s v e r y r a p i d a few h o u r s a f t e r 
a h e a v y s h o w e r . 

S i r i m a n n e ( 1 9 5 2 ) in h i s w e l l k n o w n s c h e m a t i c s e c t i o n o f t h e R a g a m a l a t e r i t e r e p r o d u c e d 
in F i g u r e 9 . 1 , s h o w s t h e w e t a n d t h e d r y w e a t h e r w a t e r t a b l e s . O w i n g to t h e h i g h p e r m e a b i l i t y 
o f t h e l a t e r i t e , t h e w a t e r t a b l e o s c i l l a t e s o v e r a w i d e r a n g e , n a m e l y a b o u t 2 5 ft in t h e h i g h e r 
a s p e c t s a n d l e s s t h a n 10 ft in t h e l o w e r a s p e c t s o f t h e l a n d s c a p e . T h e b e s t s i t e s for w e l l s a r e , 
t h e r e f o r e , at t h e v a l l e y e d g e s w h e r e e x t e n s i v e g r o u n d w a t e r f l ow t a k e s p l a c e . 

F igure 9.1 G r o u n d w a t e r condi t ions in typical la ter i te at R a g a m a (after C.H.L.Sirimanna, 1952) 
a - laterite b - gneiss c - a l luvium; I - wet - wea ther wate r table; 11 - dry - wea ther water 
table; 1 and 3 - permanent wel ls ; 2 seasonal well , runs dry in dry wea ther 
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S i r i m a n n e a l s o s h o w s tha t y i e l d s c o u l d v a r y from area to a r ea d e p e n d i n g o n t h e p e r m e a b i l i t y 
o f t h e l a t e r i t e . In R a g a m a w h e r e t h e i n t e r s t i c e s o f t h e l a t e r i t e a r c p a r t l y f i l led w i t h k a o l i n , 
e l e v e n w e l l s y i e l d 6 0 , 0 0 0 g a l l o n s p e r d a y , w h e r e a s a t G o n g i t o t a , w h e r e t h e v e s i c l e s a r c free 
o f c l ay , a s i n g l e w e l l y i e l d s 8 0 , 0 0 0 g a l l o n s p e r day . C o o r a y ( 1 9 6 7 ) s t a t e s tha t " t r u e l a t e r i t e , 
l o c a l l y k n o w n as c a b o o k , is f ound o n l y w i t h i n a w e l l m a r k e d c o a s t a l b e l t in t h e w e t z o n e o f 
C e y l o n , a n d is r e s t r i c t e d t o t h e s o u t h - w e s t e r n p a r t o f t h e c o u n t r y " . H e n c e t h e p r e s e n t 
n o m e n c l a t u r e a d o p t e d a s l a t e r i t e ( c a b o o k ) a q u i f e r s o f s o u t h - w e s t Sr i L a n k a . 

It is n o t e d tha t l a t e r i t e is b e s t d e v e l o p e d in t h e s o u t h - w e s t o f t h e c o u n t r y w i t h i n a be l t 
e x t e n d i n g s ix o r s e v e n m i l e s i n l a n d f rom t h e c o a s t a n d u p to a r o u n d 1 0 0 feet a b o v e s e a l eve l . 
G o o d e x a m p l e s c o u l d b e o b s e r v e d at R a g a m a , H u n u p i t i y a , H e n d a l a , N a w a l a , H o m a g a m a , 
B e r u w e l a a n d A m b a l a n g o d a w h e r e l a t e r i t e is e x p o s e d in q u a r r y f a c e s a n d in r o a d a n d r a i l w a y 
c u t t i n g s . 

A v iv id d e s c r i p t i o n o f l a te r i t e m a d e in the 19"1 c e n t u r y ( 1 8 4 4 ) b y N e w b o l d is w o r t h q u o t i n g : 

" T h e l a t e r i t e , g e n e r a l l y s p e a k i n g is a p u r p l i s h t o b r i c k - r e d p o r o u s r o c k p a s s i n g in to a l ive r 
b r o w n , p e r f o r a t e d b y n u m e r o u s s i n u o u s a n d t o r t u o u s t u b u l a r c a v i t i e s e i t h e r e m p t y , f i l led, o r 
p a r t i a l l y f i l led w i t h g r a y i s h w h i t e c l a y p a s s i n g in to an o c h r e o u s , r e d d i s h a n d y e l l o w i s h b r o w n 
d u s t ; o r w i t h t i l a c - t i n t e d l i t h o m a r g i c e a r t h . T h e s i d e s o f t h e c a v i t i e s a r e u s u a l l y f e r r u g i n o u s 
a n d of ten o f a d e e p b r o w n o r c h o c o l a t e ; t h o u g h g e n e r a l l y n o t m o r e t h a n a l ine o r t w o in 

t h i c k n e s s , t h e i r l a m i n a r s t r u c t u r e m a y b e d i s t i n g u i s h e d b y t h e n a k e d e y e T h e 
h a r d e s t v a r i e t i e s o f r o c k a r e t h e d a r k e s t c o l o u r e d a n d m o s t f e r r u g i n o u s " . 

A l t h o u g h t h e e x a c t c h e m i c a l p r o c e s s e s b y w h i c h l a t e r i t e is f o r m e d a r e n o t ful ly u n d e r s t o o d , 
it is w e l l e s t a b l i s h e d tha t a n a l t e r n a t i o n o f a w e t a n d d r y p e r i o d d u r i n g t h e y e a r is a n e c e s s a r y 
c o n d i t i o n for i ts f o r m a t i o n . V a r i o u s f o r m s o f l a te r i t e a re p r e s e n t t h r o u g h o u t t h e t r o p i c a l r e g i o n s 
o f A s i a , A f r i c a , a n d S . A m e r i c a . 

M a i n P r o p e r t i e s 

A s c h e m a t i c c r o s s s e c t i o n t h r o u g h a l a t e r i t e p ro f i l e is s h o w n in F i g u r e 9 . 2 . 

T h e s u r f a c e h o r i z o n f rom 0 - 10 c m is u s u a l l y a f r i ab le g r a v e l l y l o a m , a n d is u n d e r l a i n b y 
a h o r i z o n o f n o d u l a r i r o n s t o n e g r a v e l w h i c h c a n b e l o o s e o r c o m p a c t a c c o r d i n g to t h e p r e v i o u s 
h i s t o r y o f l a n d u s e in t h e a r e a . 

T h i s h o r i z o n is u n d e r l a i n b y t h e t y p i c a l c e l l u l a r h o n e y c o m b s t r u c t u r e d ' in s i tu ' sof t l a t e r i t e 
w h i c h h a s a h i g h p o r o s i t y a n d p e r m e a b i l i t y . It is th i s soft l a t e r i t e w h i c h is c u t i n t o b l o c k s a n d 
w h e n e x p o s e d to t h e a i r b e c o m e s a s h a r d a s b r i c k , a n d h i g h l y r e s i s t a n t t o t h e a c t i o n o f a i r a n d 
wa te r . It is t h i s h a r d m a t e r i a l t e r m e d ' c a b o o k ' t ha t is u s e d a s b u i l d i n g m a t e r i a l . It is t h i s 
v e s i c u l a r sof t l a t e r i t e h o r i z o n o f v a r i a b l e t h i c k n e s s tha t h o l d s m o s t o f t h e g r o u n d w a t e r , a n d is 
o n t h e a v e r a g e b e t w e e n 4 0 to 5 0 ft in t h i c k n e s s . In s o m e p a r t s o f C o l o m b o a n d G a m p a h a , 
w e l l s o f o v e r 1 0 0 ft d e p t h h a v e b e e n s u n k in to th i s l a t e r i t e z o n e . 

T h e l o w e r m o s t k a o l i n i t i c l aye r , w h i c h a l t h o u g h s a t u r a t e d w i t h w a t e r , y i e l d s w a t e r v e r y 
s l o w l y a n d h a s a t e n d e n c y to ' c a v e - i n ' . T h i s is a l s o r e f e r r e d to a s t h e ' p a l l i d z o n e ' o f t h e 
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F i g u r e 9 . 2 S c h e m a t i c sect ion a c r o s s l a t e r i t e p rof i l e 

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

y e l l o w m a t r i x c l o s e r t o t h e u n d e r l y i n g d e c o m p o s i n g p a r e n t r o c k . W e l l s , in g e n e r a l , a r e no t 

s u n k b e l o w th i s l a y e r in th i s c o u n t r y , b e c a u s e d u r i n g t h e l o w w a t e r l e v e l s t h a t p r e v a i l d u r i n g 

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

D e s p i t e s e v e r a l s t u d i e s a n d i n v e s t i g a t i o n s tha t h a v e b e e n c o n d u c t e d w i t h i n th i s l a t e r i t e 

r e g i o n o f s o u t h - w e s t Sr i L a n k a , no s e r i o u s a t t e m p t h a s b e e n m a d e a s y e t to p r o p e r l y d e m a r c a t e 

a n d m a p o u t t h e a q u i f e r b o u n d a r i e s . In fact, in t e r m s o f t h e i n t e n s i t y o f i n v e s t i g a t i o n a l d r i l l i ngs 

d o n e p e r sq . k m o f c o u n t r y , t h i s l a t e r i t e r e g i o n h a s b e e n c o v e r e d v e r y i n t e n s i v e l y o v e r t h e last 

15 y e a r s b y b o t h s t a t e a n d p r i v a t e a g e n c i e s . H o w e v e r , al l t h e s e s t u d i e s a n d i n v e s t i g a t i o n s 

h a v e b e e n c a r r i e d o u t a t p o i n t s o u r c e s a n d n o a t t e m p t s h a v e b e e n m a d e t o i n c o r p o r a t e t h e 

findings f rom t h e s e i n v e s t i g a t i o n s i n t o a q u i f e r b o u n d a r y d e m a r c a t i o n s . 

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

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

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

f loors . A s s u c h , o n e s h o u l d c o n s i d e r t h i s a q u i f e r in t e r m s o f a c o m p l e x m o s a i c o f m e s o -

a q u i f c r s r a t h e r t h a n a s i n g l e m a c r o - a q u i f e r a s it o c c u r s , in t h e c a s e o f t h e s e m i - c o n f i n e d 

a q u i f e r s o f t h e n o r t h - w e s t e r n M i o c e n e B e l t o f t h e c o u n t r y . 
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P r e s e n t U t i l i z a t i o n a n d P o t e n t i a l T h r e a t s 

A g r e a t e r p a r t o f t h e h o m e s t e a d s e t t l e m e n t s o f t h e W e s t e r n P r o v i n c e , t o g e t h e r w i t h 
t h e s m a l l e r s c a l e i n d u s t r i e s , a r e l o c a t e d w i t h i n th i s a q u i f e r l a n d s c a p e , w h e r e s e v e r e s t r e s s is 
e x p e r i e n c e d d u r i n g t h e d r y s e a s o n . P o l l u t i o n l e v e l s a r e a l s o r e p o r t e d l y h i g h . A l t h o u g h t h e r e 
h a s b e e n a v e r y h i g h a m o u n t o f d r i l l i n g c u m p u m p i n g i n v e s t i g a t i o n s t h a t h a v e b e e n c a r r i e d o u t 
t h r o u g h o u t t h i s a q u i f e r l a n d s c a p e , al l t h e r e su l t s o f t h e s e i n v e s t i g a t i o n s h a v e n o t b e e n p r o p e r l y 
c o l l a t e d a n d d o c u m e n t e d in a m a n n e r tha t w o u l d h e l p us to v i s u a l i z e t h e e x t e n t o f t h e d r a w d o w n 
a n d r e p l e n i s h m e n t t h a t is t a k i n g p l a c e t h r o u g h o u t t h e c o u r s e o f t h e y e a r . 

In v i e w o f t h e c r i t i c a l p o s i t i o n tha t t h i s a q u i f e r o c c u p i e s in t h e W e s t e r n P r o v i n c e , t h e r e 

is a p r e s s i n g n e e d t o m a p o u t a n d d e m a r c a t e the e x t e n t a n d b o u n d a r i e s o f t h e s e a q u i f e r s , a s 

w e l l a s t h e i r c u r r e n t p a t t e r n s o f u t i l i z a t i o n o v e r t h e y e a r . A s a first s t e p , s o m e s e l e c t e d m o d a l 

s a m p l e a r e a s s h o u l d b e s t u d i e d i n t e n s i v e l y in o r d e r t o ob t a in a g o o d g r o u n d leve l u n d e r s t a n d i n g , 

a n d t h e s e c o u l d t h e n b e e x t r a p o l a t e d t o t h e res t o f t h e a r e a s . S i n c e t h i s c o n s t i t u t e s a g r e a t 

g a p in o u r p r e s e n t k n o w l e d g e , t h i s s h o u l d b e g i v e n v e r y h i g h p r i o r i t y r a n k i n g . 
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M E T A M O R P H I C H A R D ROCK R E G I O N OF 
THE W E T ZONE 

G e n e r a l B a c k g r o u n d 

A g r o u n d w a t e r a q u i f e r in i ts t r u e s e n s e is no t p r e s e n t w i t h i n t h e m e t a m o r p h i c h a r d r o c k s o f 
t h e w e t z o n e . R a t h e r , w h a t is f ound is a f r a g m e n t e d s e r i e s o f w a t e r t a b l e s t h a t r a n d o m l y 
o c c u r w i t h i n t h e u n d e r l y i n g w e a t h e r e d z o n e o f t h e b a s e m e n t . T h e s e g e t c h a r g e d d u r i n g t h e 
r a i n y p e r i o d s a n d t h i s h e l p s t o b u i l d u p a w a t e r t a b l e w i t h i n t h i s w e a t h e r e d z o n e . It s h o u l d b e 
b o r n e in m i n d t h a t t h e w e a t h e r e d z o n e o f t h e b a s e m e n t r o c k s o f t h e w e t z o n e is d e e p e r a n d 
m o r e e x t e n s i v e t h a n t h a t in t h e d r y z o n e . T h e w e a t h e r e d z o n e o f t h e b a s e m e n t r o c k s in t h e 
w e t z o n e r e a c h d e p t h s o f b e t w e e n 2 0 to 3 0 m , a s c o m p a r e d w i t h t h a t o f t h e d r y z o n e w h i c h 
is u s u a l l y b e t w e e n 8 to 10 m in d e p t h . A s a r e s u l t it c o u l d h o l d m o r e w a t e r in its w e a t h e r e d 
b a s e m e n t t h a n in t h e d r y z o n e . F u r t h e r m o r e , t h e b i m o n s o o n n a t u r e o f t h e w e t z o n e ra infa l l 
a l s o h e l p s t o m a i n t a i n an e n h a n c e d r e c h a r g e . 

A s w a s p o i n t e d o u t in C h a p t e r 3 , t h e g r o u n d w a t e r in th i s m e t a m o r p h i c h a r d r o c k r e g i o n o f 
t h e w e t z o n e h a s b e e n p r o v i d i n g an u n f a i l i n g s o u r c e o f d o m e s t i c s u p p l y t o t h e s e t t l e r s w h o 
h a v e l i ved in t h e s e r e g i o n s s i n c e m e d i e v a l t i m e s . T h e s u p p l y f r o m t h e s e d o m e s t i c d u g w e l l s 
h a v e p r o v i d e d t h e c o o k i n g , w a s h i n g a n d b a t h i n g n e e d s o f t h e p o p u l a t i o n o v e r t h e c e n t u r i e s . 

T h e c o n t o u r s o f t h e w a t e r t a b l e in th is w e a t h e r e d o v e r b u r d e n c l o s e l y f o l l o w t h e m o r p h o l o g y 
o f t h e l a n d f o r m in w h i c h it is s i t u a t e d . In t h e l o w c o u n t r y o r t h e l o w e r p e n e p l a i n r e g i o n , t h e 
m o s t c o m m o n l a n d f o r m tha t is p r e s e n t is t ha t o f a g e n e r a l l y r o u n d e d u p l a n d o f m e d i u m r e l i e f 
a n d an a d j a c e n t b r o a d flat v a l l e y w i t h a v e r y g e n t l e g r a d i e n t . In t h e m i d - c o u n t r y o r t h e m i d d l e 
p e n e p l a i n r e g i o n t h e m o s t c o m m o n l a n d f o r m that is p r e s e n t is t ha t o f a ' h i l l a n d v a l l e y ' l a n d f o r m 
o f m o d e r a t e r e l i e f w i t h n a r r o w v a l l e y s . 

G r o u n d w a t e r C o n d i t i o n s in t h e R e s p e c t i v e L a n d f o r m s 

Groundwater Conditions in the Lower Peneplain 

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

m o r p h o l o g y o f t h e l a n d f o r m s tha t m a k e u p th i s r e g i o n . T h e m o d a l l a n d s c a p e o f t h i s r e g i o n , a s 
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s h o w n in F i g u r e 10 .1 b e l o w , c o n s i s t s o f an u n d u l a t i n g to r o l l i n g l a n d s c a p e m a d e u p o f r o u n d e d 

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

F i g u r e 1 0 . 1 M o d a l l andscape of lower penep la in 

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

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

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

val ley. 

T h e a b o v e c r o s s s e c t i o n r e p r e s e n t s t h e s i t u a t i o n a c r o s s t h e h i g h e r t h i r d o r d e r va l l ey . In 

t h e first a n d s e c o n d o r d e r v a l l e y s , t h e r a t i o o f u p l a n d to v a l l e y b o t t o m - l a n d is h i g h e r , a n d t h e 

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

T h e p o s i t i o n o f t h e w a t e r t a b l e at t h e e n d o f t h e r a i n y s e a s o n is s h o w n in F i g u r e 1 0 . 2 

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

F i g u r e 1 0 . 2 P h r e a t i c w a t e r t ab l e at t h e e n d o f t h e r a i n y season 1 

T h i s p h r e a t i c w a t e r t a b l e e m e r g e s at t h e b r e a k o f s l o p e in t h e l a n d s c a p e a s s h o w n a b o v e . 

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

h a s su f f i c i en t w a t e r b e c a u s e o f i ts p o s i t i o n in th i s l a n d s c a p e . A s c o u l d b e s e e n in t h e a b o v e 

F i g u r e , t h e w a t e r t a b l e r e p l e n i s h e s t h e d r a w - o f f f rom th i s b a t h i n g w e l l . 

B e c a u s e o f t h e b i m o d a l n a t u r e o f t h e r a in fa l l d i s t r i b u t i o n p a t t e r n t h a t p r e v a i l s in t h i s w e t 

z o n e , t h i s p h r e a t i c w a t e r t a b l e o r t h e g r o u n d w a t e r is r e c h a r g e d b y ra in fa l l for m o s t m o n t h s o f ^ 

t h e y e a r e x c e p t d u r i n g t h e n o r m a l d r y s e a s o n in F e b r u a r y - M a r c h . D u r i n g t h i s s h o r t d r y 

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

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

l o c a t e d a l o n g t h e l o w e r e d g e o f t h e l a n d f o r m s t h a t l ie a d j a c e n t t o t h e v a l l e y . 
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Groundwater Conditions in the Middle Peneplain ' 

T h e K a n d y p l a t e a u o c c u p i e s a s ign i f i can t p r o p o r t i o n o f t h e l and s u r f a c e o f t h e m i d d l e p e n e p l a i n 

a n d is c h a r a c t e r i z e d , for t h e m o s t p a r t , b y a hi l l a n d v a l l e y l a n d f o r m . A t r a n s e c t o f t h e 

U d u n u w a r a - Y a t i n u w a r a l and s y s t e m a s s h o w n in F i g u r e 1 0 . 3 c o u l d b e t a k e n as t h e m o d a l 

r e p r e s e n t a t i v e o f t h e v a r i o u s l a n d s y s t e m s tha t m a k e u p th i s m i d d l e p e n e p l a i n . 

A s c o m p a r e d w i t h t h e l o w r o u n d e d hi l l a n d b r o a d v a l l e y l a n d f o r m w h i c h c h a r a c t e r i z e s t h e 

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

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

F i g u r e 1 0 . 3 b e l o w . 

Moderota 
yield 

Figure 1 0 . 3 T r a n s e c t of U d u n u w a r a - Y a t i n u w a r a land sys tem of the K a n d y p l a t eau 

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

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

w a t e r t a b l e t h r o u g h o u t m o s t o f t h e yea r . It c o u l d b e g e n e r a l l y s t a t e d t h a t t h e u p l a n d s in t h i s 

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

r e s e r v e s t o t h e p h r e a t i c w a t e r t a b l e w h o s e p o s i t i o n is s h o w n in t h e s c h e m a t i c s k e t c h . H e r e 

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

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

A s in t h e c a s e o f t h e l o w e r p e n e p l a i n , t h e b i m o d a l n a t u r e o f t h e a n n u a l r a in fa l l h e l p s to 

r e c h a r g e t h e p h r e a t i c w a t e r t a b l e for m o s t m o n t h s o f t h e yea r . T h i s h e l p s t o m a i n t a i n t h e 

p h r e a t i c w a t e r t a b l e w h i c h is s l o w l y r e l e a s e d t o t h e a d j a c e n t v a l l e y f loor . T h e d o m e s t i c w e l l s 

a r e u s u a l l y l o c a t e d a t t h e foot s l o p e a s s h o w n in F i g u r e 1 0 . 3 , a n d t h e y a r e a u g m e n t e d b y t h e 

s l o w r e l e a s e o f t h e p h r e a t i c w a t e r t a b l e . 

P r e s e n t U t i l i z a t i o n a n d P o t e n t i a l T h r e a t s 

T h e s h a l l o w o p e n d u g w e l l s t h a t a r e d i s t r i b u t e d a c r o s s t h e e n t i r e w e t z o n e m e t a m o r p h i c h a r d 

rock r e g i o n s p r o v i d e t h e b a s i c d r i n k i n g a n d d o m e s t i c w a t e r r e q u i r e m e n t s t o a m a j o r p r o p o r t i o n 
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o f t h e rura l d w e l l e r s in t h i s c o u n t r y . U n d e r t h e l o w p o p u l a t i o n d e n s i t y tha t e x i s t e d in t h e pa s t , 

t h e s e o p e n d u g w e l l s p r o v i d e d t h e e s s e n t i a l b a s i c d o m e s t i c n e e d s o f w a t e r for t h e rura l 

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

a q u i f e r s d u r i n g t h a t p e r i o d . W i t h t h e r a p i d i n c r e a s e in t h e ru ra l a n d s e m i - u r b a n s e t t l e m e n t tha t 

h a s b e e n t a k i n g p l a c e o v e r t h e p a s t d e c a d e s , t h e r e h a s b e e n an i n c r e a s i n g s t r e s s e x p e r i e n c e d 

in b o t h t h e q u a n t i t y a n d q u a l i t y o f w a t e r in t h e s e a q u i f e r s a c r o s s t h e e n t i r e w e t z o n e . S o m e 

f r a g m e n t a r y s t u d i e s h a v e b e e n c a r r i e d o u t in th i s a r e a b y v a r i o u s c o n s u l t a n t s w o r k i n g w i t h 

t h e N W S D B . B u t n o r e l i a b l e a s s e s s m e n t o f t h e p r e s e n t s t a t u s a n d u r g e n t n e e d s h a v e b e e n 

c a r r i e d o u t a t a n a t i o n a l o r r e g i o n a l l eve l in th i s c r i t i c a l n e e d s a s s e s s m e n t a r e a . 
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SPRINGS I N SRI LANKA 

T h r e e t y p e s o f s p r i n g s c o u l d b e r e c o g n i z e d in th i s c o u n t r y . T h e s e a r e 

( a ) t h e l a r g e p e r e n n i a l s p r i n g s l o c a l l y k n o w n as bubulas w h i c h y i e l d a r o u n d 5 0 , 0 0 0 
g a l l o n s p e r d a y in t h e d r y s e a s o n 

(b ) t h e s m a l l e r s p r i n g s l o c a l l y k n o w n a s ulpothas w h i c h h a v e an a p p r e c i a b l e f l ow in t h e 
w e t r a i n y s e a s o n , b u t c o u l d h a v e a v e r y r e s t r i c t e d f l o w in t h e d r y s e a s o n ; a n d w h e r e 
d u r i n g a s e v e r e d r y s p e l l t h e r e c o u l d b e l i t t le o r n o f l o w ; a n d 

( c ) h o t s p r i n g s a l s o k n o w n a s t h e r m a l s p r i n g s w h e r e t h e t e m p e r a t u r e s o f t h e w a t e r r a n g e 
f rom 1 0 0 °F to 1 3 0 °F, a n d a c o n t i n u o u s f l ow t a k e s p l a c e t h r o u g h o u t t h e yea r . 

S p r i n g s c o u l d a l s o b e c l a s s i f i e d a s ( i ) n a t u r a l ( i i ) t h e r m a l a n d ( i i i ) m i n e r a l , a c c o r d i n g t o t h e 
c h e m i c a l c o m p o s i t i o n o f t h e w a t e r . T h e t e r m m i n e r a l w a t e r is l o o s e l y a p p l i e d t o v a r i o u s t y p e s 
o f b o t t l e d w a t e r s o l d in t h e d r i n k i n g w a t e r m a r k e t s . 

L a r g e a n d S m a l l S p r i n g s 

A c o m p l e t e v o l u m e o n t h e Springs of Sri Lanka w a s c o m p i l e d in 1 9 7 4 b y S. A r u m u g a m a n d 

P. U . R a t n a t u n g a , b o t h s e n i o r m e m b e r s o f t h e e a r l i e r W R B . T h i s p u b l i c a t i o n is m a d e u p o f 

s ix i n d i v i d u a l c h a p t e r s t o g e t h e r w i t h an i n d e x o f t h e 2 2 5 s p r i n g s tha t w e r e i d e n t i f i e d a n d 

m a p p e d d u r i n g t h e f ie ld s u r v e y c a r r i e d o u t o v e r t h e p e r i o d 1 9 7 0 to 1 9 7 3 . A m a p o f s c a l e 

1 : 2 , 0 0 0 , 0 0 0 s h o w i n g t h e d i s t r i b u t i o n o f Springs in Sri Lanka i s a l s o s h o w n in t h i s p u b l i c a t i o n . 

In C h a p t e r 6 o f t h e p u b l i c a t i o n Numerical List of Springs of Sri Lanka s h o w s t h e n a m e , 

d i s t r i c t a n d c o - o r d i n a t e s o f e a c h o f t h e 2 2 5 s p r i n g s t h a t w e r e v i s i t e d . In C h a p t e r 3 o f t h e 

s a m e p u b l i c a t i o n w h i c h g i v e s t h e d i s t r i c t w i s e list o f s p r i n g s , it c o u l d b e o b s e r v e d t h a t B a d u l l a 

d i s t r i c t h a s t h e h i g h e s t n u m b e r o f s p r i n g s , n a m e l y 7 1 , f o l l o w e d b y M a t a r a 2 4 . T h e o n l y s i n g l e 

c o p y o f t h i s p u b l i c a t i o n is n o w a v a i l a b l e fo r r e f e r e n c e a t t h e W R B L i b r a r y . 

A m o r e r e c e n t u p d a t e o f t h e l o c a t i o n o f 115 n o r m a l s p r i n g s a n d t h e e l e v e n h o t ( t h e r m a l ) 

s p r i n g s is g i v e n in H a p u g a s k u m b u r a ' s m a p in 1 9 9 7 ( A r j u n a ' s A t l a s ) . T h e a c c o m p a n y i n g 

F i g u r e ( I I : I ) s h o w s t h e a p p r o x i m a t e l o c a t i o n a n d d i s t r i b u t i o n o f t h e 115 n o r m a l s p r i n g s a n d 

t h e e l e v e n t h e r m a l s p r i n g s . 
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Figure 11.1 Approximate location and distribution of normal and 
thermal springs in Sri Lanka 
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M o s t s p r i n g s in t h e hill c o u n t r y o c c u r in l o c a t i o n s w h e r e t h e p l a n e s o f b e d d i n g a n d fo l ia t ion 
a s w e l l a s j o i n t p l a n e s in t h e H i g h l a n d S e r i e s o f r o c k s i n t e r s e c t t h e s u r f a c e t o p o g r a p h y , o r 
w h e r e v e r t h e g r o u n d w a t e r t a b l e i n t e r s e c t s t h e l a n d s u r f a c e . It is o n s u c h s p r i n g s tha t l oca l 
p e o p l e ins ta l l t h e c o m m o n l y o b s e r v e d pihilas o r s p o u t s w h i c h a r e c o n v e n i e n t b a t h i n g s p o t s , 
e s p e c i a l l y for l a d i e s in t h e n e i g h b o u r h o o d . 

I n d i v i d u a l s p r i n g s in t h e q u a r t z i t e s , c r y s t a l l i n e l i m e s t o n e s a n d fissured g n e i s s e s a r e c a p a b l e 
o f y i e l d i n g b e t w e e n 5 , 0 0 0 a n d 1 5 , 0 0 0 g a l l o n s p e r d a y ( g . p . d ) in t h e d r y z o n e . 

T h e l a r g e r s p r i n g s u s u a l l y o c c u r in p l a c e s w h e r e t h e l a n d s u r f a c e h a s b e e n e r o d e d d o w n 
to t h e loca l w a t e r t a b l e in a fissured z o n e , t h u s c a u s i n g t h e w a t e r t o e m e r g e in t h e f o r m o f 
s p r i n g s . S u c h s p r i n g s a r e m o s t l y f o u n d in t h e h i g h l y j o i n t e d a n d fissured r o c k s l ike q u a r t z i t e s , 
a s for e x a m p l e a t B a n d a r a p o l a in t h e M a t a l e v a l l e y . A s e c t i o n a c r o s s t h e M a t a l e v a l l e y 
b e t w e e n W i l t s h i r e E s t a t e ( 2 8 0 0 ft e l e v a t i o n ) a n d B a n d a r a p o l a E s t a t e ( 1 7 0 0 ft e l e v a t i o n ) is 
s h o w n in F i g u r e 11 . 2 . A s c o u l d b e s e e n f r o m th i s F i g u r e 11 . 2 t h e s p r i n g s a r e p r e s e n t in t h e 
b a n d s o f q u a r t z i t e s a n d a l s o in t h e b a n d s o f c r y s t a l l i n e l i m e s t o n e , a n d a r e a b s e n t in t h e b a n d s 
o f g n e i s s . A c c o r d i n g to P a t t i a r a t c h i ( 1 9 5 6 ) , a y i e l d o f - 5 0 , 0 0 0 g . p . d . is r e c o r d e d f rom t h e 
s p r i n g s in t h e q u a r t z i t e b a n d s in t h e d r y s e a s o n a n d o v e r 1 0 0 , 0 0 0 g . p . d . in t h e w e t s e a s o n . 

F igu re 11.2 Sect ion ac ross M a t a l e val ley showing posi t ion of s p r i n g s in b a n d s of q u a r t z i t e ( b ) 
a n d c r y s t a l l i n e l imes tone (c). N o t e absence of s p r i n g s in gneiss (a) . Posi t ion of 
spr ings-4 ,3 ,2 ,1 a s s h o w n above (after D. B. Pattiaratchi, 1956) 

In t h e P o l o n n a r u w a a r e a , t h e q u a r t z i t e s a r e t h e p r i n c i p a l w a t e r b e a r i n g s t r a t a , b e i n g 
c o n t i n u o u s for l o n g d i s t a n c e s , a s o b s e r v e d b y V i t a n a g e ( 1 9 5 9 ) . T h e y a b o u n d in p e r e n n i a l 
w e l l s a n d s p r i n g s . T h e s e v e r a l l i n e s o f s p r i n g s s e e n a l o n g t h e s e q u a r t z i t e b a n d s m a r k t h e 
c o n t a c t i n t e r f a c e b e t w e e n t h e q u a r t z i t e a n d t h e i m p e r m e a b l e s u b s t r a t e o f g r a n u l i t e s b e l o w 
t h e m . 

A s i m i l a r q u a r t z i t e f o r m a t i o n is f o u n d a r o u n d K e b i t i g o l l e w a c u t t i n g h a l f w a y a c r o s s t h e 
H o r o w p o t h a n a - V a v u n i y a r o a d in w h i c h p e r e n n i a l s p r i n g s a r e p r e s e n t . S e v e r a l n o r t h - e a s t 

L 
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t r e n d i n g q u a r t z i t e b a n d s a r e c l e a r l y s h o w n in P. G. C o o r a y ' s G e o l o g i c a l M a p o f Sr i L a n k a 
( 1 9 8 2 ) . It i s t h e s e q u a r t z i t e f o r m a t i o n s t h a t p r o v i d e t h e n e c e s s a r y c o n d i t i o n s for t h e o c c u r r e n c e 
o f t h e s e p e r e n n i a l s p r i n g s . 

S i m i l a r c o n d i t i o n s a r e f o u n d a r o u n d G o m a r a n k a d a w e l a j u s t n o r t h o f t h e A n u r a d h a p u r a -
T r i n c o m a l e e m a i n r o a d , w h e r e b o t h a h o t a n d c o l d s p r i n g is s h o w n a t R a n k i h i r i y a U l p o t h a . 
F i v e p e r e n n i a l s p r i n g s a r e a l s o s h o w n in t h e q u a r t z i t e f o r m a t i o n in t h e A d a m p a n a n d 
T h a m p a l a k a m a m P a t t u o f t h e T r i n c o m a l e e d i s t r i c t . T h e i r l o c a t i o n s a r e s h o w n in t h e n o r t h ­
w e s t s e g m e n t o f t h e H o r o w u p a t h a n a t o p o s h e e t ; a n d t h e s e w e r e v i s i t e d b y t h e a u t h o r in t h e 
m i d 1 9 6 0 s w h i l e c o n d u c t i n g t h e n a t i o n a l soi l s u r v e y o f t h i s r e g i o n . 

T h e s e v e r a l b r o a d b a n d s o f d o l o m i t i c m a r b l e a n d q u a r t z i t e t ha t a r e s h o w n b e t w e e n M a t a l e 
- N a l a n d a - S i g i r i y a - H a b a r a n a in C o o r a y ' s G e o l o g i c a l M a p o f Sr i L a n k a c o n t a i n s e v e r a l 
s p r i n g s o f v a r y i n g f l o w s u c h a s t h o s e s e e n o f f t h e m a i n r o a d a t M a d a w a i a U l p o t h a , N a l a n d a , 
P a l l e g a m a a n d K i b i s a . A c c o r d i n g to C o o r a y ( 1 9 8 2 ) " s o m e l i m e s t o n e b a n d s , o c c u r r i n g in 
j o i n t s a n d fissures, w h i c h h a v e b e e n e n l a r g e d b y s o l u t i o n , c o n t a i n l a r g e p e r e n n i a l s p r i n g s 
( b u b u l a o r u l p o t h a ) w h i c h a r e i m p o r t a n t s o u r c e s o f w a t e r " . 

T h e s p r i n g at K e e r i m a l a i in t h e k a r s t i c l i m e s t o n e o f t h e J a f f n a p e n i n s u l a w a s p r e v i o u s l y 

m e n t i o n e d in C h a p t e r 4 . T h i s s p r i n g o u t l e t w h i c h is a t s e a l e v e l , is t h e t e r m i n u s o f a s o l u t i o n 

c h a n n e l ; a n d t h e r e a s o n s for i ts c o n t i n u o u s f low w a s d i s c u s s e d . 

H o t S p r i n g s o r T h e r m a l S p r i n g s 

A s c o u l d b e s e e n in H a p u g a s k u m b u r a ' s G r o u n d w a t e r M a p ( 1 9 9 7 ) , s e v e n o f t h e 11 h o t s p r i n g s 
a r e f o u n d w i t h i n t h e V i j a y a n C o m p l e x o f t h e P r e c a m b r i a n r o c k s . 

T h e b e t t e r k n o w n a n d o f t e n v i s i t e d t h e r m a l s p r i n g s a r e t h o s e a t ( 1 ) K a n n i y a i ( n e a r 
T r i n c o m a l e e ) ; ( 2 ) M a h a O y a j u s t n o r t h o f M a h a O y a t o w n a l s o k n o w n a s Umiwaturabubula: 
a n d ( 3 ) M a h a p e l l e s s a ( w i t h i n t h e W a l a w e b a s i n j u s t s o u t h o f T u n k a m a a n d S u r i y a w e w a ) . 
O t h e r s l e s s o f t en v i s i t e d b u t e q u a l l y s i g n i f i c a n t a r e t h o s e at M a r a n g a l a W a h a w e ( l o c a t e d t w o 
m i l e s n o r t h o f M a h a O y a t o w n ) , K a p u r e l l a ( l o c a t e d five m i l e s n o r t h o f t h e M a h a O y a -
B a t t i c a l o a r o a d ) , a n d P a t t i p a l a r o n t h e U v a - E a s t e r n P r o v i n c e b o u n d a r y . 

A d e s c r i p t i o n o f t h e h o t s p r i n g at M a h a O y a m a d e b y P a r s o n s ( 1 9 0 7 ) a l m o s t h u n d r e d 
y e a r s a g o a n d i s c o n s i d e r e d y e t r e l e v a n t i s r e p r o d u c e d h e r e . 

" T h e w a t e r at M a h a O y a r i s e s w i t h c o n s i d e r a b l e fo rce b y t h r e e v e n t s in t h e s a n d y b o t t o m 
o f a p o n d a b o u t 3 0 feet in d i a m e t e r a n d 2 feet d e e p ; it b u r s t s at i r r e g u l a r i n t e r v a l s o f a b o u t 
o n e m i n u t e , b u b b l e s o f o d o u r l e s s g a s r i s i n g w i t h t h e w a t e r . M u d a t t h e s i d e o f t h e p o o l s m e l l s 
s t r o n g l y o f h y d r o g e n s u l p h i d e a n d t h e r e is a s l i gh t d e p o s i t o f s u l p h u r o n t h e s u r f a c e o f t h e 
m u d . T h i s g a s is p r o b a b l y d u e to t h e d e c o m p o s i t i o n o f o r g a n i c m a t t e r . T h e p e o p l e o f t h e a r e a 
o c c a s i o n a l l y b a t h e in t h e p o o l a s c u r e for i tch a n d o t h e r d i s e a s e s , b u t f resh e l e p h a n t t r a c k s b y 
t h e s i d e o f t h e p o o l s h o w t h a t t h e w a t e r is n o t o b n o x i o u s to a n i m a l s " . 

A n u n p u b l i s h e d ( l i m i t e d c i r c u l a t i o n ) r e p o r t o n t h e ' T h e r m a l S p r i n g s o f C e y l o n ' b y E n g . 

H o p e T o d d , a n d s u b m i t t e d t o t h e C e y l o n Tour i s t B o a r d in N o v e m b e r 1 9 6 8 , c o n t a i n s a c o m p l e t e 
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s i te d e s c r i p t i o n o f f ive o f t h e s e t h e r m a l s p r i n g s , n a m e l y ( 1 ) M a h a p e l l e s s a ; ( 2 ) M a h a O y a ; 

(3 ) K a p u r e l l a ; ( 4 ) M a r a n g a l a W a h a w e ; a n d ( 5 ) K a n n i y a i . A c o m p l e t e c h e m i c a l a n a l y s i s o f 

t h e w a t e r s t o g e t h e r w i t h a b a c t e r i o l o g i c a l e x a m i n a t i o n o f t h e w a t e r s a m p l e s is p r o v i d e d in th i s 

r e p o r t . S e l e c t c h e m i c a l a n a l y s i s a n d c h e m i c a l c l a s s i f i c a t i o n o f five o f t h e s e t h e r m a l s p r i n g s is 

g i v e n in T a b l e 1 1 . 1 . 

Table II. 1 
Chemical analysis and chemical classification of waters of five thermal springs * 

Thermal pH Conductivity Bicarbonate Chloride Sulphate Sodium Chemical 
Spring uS/cnr (HCO) (CI) (SOJ (Na) Classi­
Name fication * 

1 M a h a p e l e s s a 11 7100 16.1 2630.0 200.0 1157.6 
Type 

Chloride 

2 Kapurella 7.6 1600 52.1 286.0 164.0 247.0 Chloride-

Rugam Area Sulphate 
Type 

3 Maha Oya 7.6 1500 92.2 75.9 210.0 106.8 Chloride-
Sulphate 
Type 

4 Maranga la 7.6 900 3.9 4.4 29.9 16.1 Sulpha te 
Type 

5 Kanniyai 6.4 250 170.0 16.8 Trace 11.3 Bicarbon­
ate Type 

* Classification according to Palmer (1911) and Hill (1941) 

* Also see L.K. Seneviratnc and V.S. Balendran (1968) in 'Hot Springs o f Cey lon ' C . A . A . S ; which 

gives the temperature for Kapurel la as 55°C, and Mahapel lessa as 4 4 " C 

A s c o u l d b e s e e n f r o m t h e a b o v e t a b l e t h e M a h a p e l l e s s a t h e r m a l s p r i n g is h i g h in s o l u b l e 

s a l t s a n d fal ls w i t h i n t h e C h l o r i d e T y p e . T h e o t h e r t w o , n a m e l y K a p u r e l l a a n d M a h a O y a , a r e 

m o d e r a t e in s o l u b l e s a l t s ; w h i l e K a n n i y a i is l o w a s r e f l e c t e d in a n E C v a l u e o f 2 5 0 , w h i c h is 

e q u i v a l e n t to C l a s s I p o t a b l e w a t e r . 

C o o r a y ( 1 9 8 4 ) , c o n s i d e r s t h a t t h e s e w a t e r s d o n o t q u a l i f y for t h e s t a t u s o f ' s p a s ' w h i c h 

u s u a l l y h a v e a h i g h e r c o n t e n t o f s o l u b l e s a l t s . A s c o u l d b e s e e n in T a b l e ( 11 .1 ) , o n l y t h e 

M a h a p e l l e s s a t h e r m a l s p r i n g c o m e s c l o s e t o a ' s p a ' in t e r m s o f i ts c o n t e n t o f s o l u b l e s a l t s , b u t 

u n f o r t u n a t e l y it is d o m i n a t e d b y c h l o r i d e s r a t h e r t h a n b y s u l p h a t e s w h i c h t h e r e b y l o w e r s its 

a c c e p t a b i l i t y a s ' s p a ' q u a l i t y . 

In r e s p e c t o f t h e i r t h e r a p e u t i c v a l u e , p e o p l e b a t h e in t h e s e a s a c u r e for i t ch a n d s o m e s k i n 

d i s e a s e s . T h e i d e a l t e m p e r a t u r e for h o t i m m e r s i o n b a t h s is b e t w e e n 9 6 °F a n d 106 °F w h i c h 
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o b t a i n in all t h e s e t h e r m a l s p r i n g s . T h e J a p a n e s e h o w e v e r , a r e a c c u s t o m e d t o h a v i n g w a t e r s 
in t h e i r b a t h s u p t o 1 3 0 ° F . 

A c c o r d i n g t o E n g . H o p e T o d d ( 1 9 6 8 ) , " t r a d i t i o n a l l y , t h e s e t h e r m a l s p r i n g s h a v e b e e n a 
s o u r c e o f c u r e for d i s e a s e s o f t h e s k i n a n d a s a m i l d r h e u m a t i c t r e a t m e n t . A l t h o u g h n o p r o p e r 
t h e r a p e u t i c v a l u e s h a v e b e e n w o r k e d o u t , it is p o s s i b l e t h a t f u r the r s t u d i e s w o u l d b e use fu l in 
d e t e r m i n i n g t h e e f f e c t s o f t h i s w a t e r o n a g i n g p e r s o n s , w o m e n ' s d i s e a s e s , a n d a l s o s o m e 
o t h e r i l l n e s s e s . " 

T e m p e r a t u r e s o f t h e s e t h e r m a l s p r i n g s r a n g e f rom 100 °F to 130 °F w i t h v e r y l i t t le v a r i a t i o n 
in t e m p e r a t u r e for a n y p a r t i c u l a r s p r i n g . T h e t e m p e r a t u r e o f t h e M a h a O y a t h e r m a l s p r i n g i s 
r e p o r t e d a s 13 l°F , w h i l e t h e K a p u r e l l a t h e r m a l s p r i n g s h a v e a t e m p e r a t u r e o f 135°F o r m o r e . 

A s r e g a r d s t h e m o d e o f o r i g i n o f t h e s e t h e r m a l s p r i n g s , t h e c u r r e n t v i e w is t h a t t h e y a r e 
n o r m a l g r o u n d w a t e r s t h a t h a v e t r a v e r s e d g r e a t d e p t h s a l o n g m a j o r j o i n t s a n d fissures a n d 
t h u s d e r i v e d t h e i r t h e r m a l e n e r g y f rom t h e s e g r e a t d e p t h s a n d s u b s e q u e n t l y e m e r g e d a s 
s p r i n g s . 
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1 2 

AN APPROACH TOWARDS SUSTAINABLE USE 
OF GROUNDWATER 

G e n e r a l C o n s i d e r a t i o n s 

S u s t a i n a b i l i t y in g r o u n d w a t e r m a n a g e m e n t e s s e n t i a l l y m e a n s l i m i t i n g t h e e x t r a c t i o n r a t e t o a 
v a l u e b e l o w t h e l o n g t e r m n a t u r a l r e p l e n i s h m e n t r a t e . T h i s i m p l i e s 

( a ) T h e r e s t r i c t i o n o f t h e g r o u n d w a t e r t a b l e d r a w d o w n to a l eve l w h i c h is c o m p a t i b l e w i t h 

v e g e t a t i o n w a t e r ( m a i n l y t h e n a t u r a l fo res t c l i m a x ) r e q u i r e m e n t s . 

( b ) A g u a r a n t e e o f m i n i m u m f low r a t e s in d o w n s t r e a m d r a i n a g e b a s i n s . 

( c ) T h e p r e v e n t i o n o f sa l t w a t e r i n t r u s i o n a n d sa l t w a t e r u p c o n i n g in c o a s t a l a q u i f e r s . 

(d ) T h e p r e v e n t i o n o f l o n g - l a s t i n g p o l l u t i o n f rom a g r o - c h e m i c a l s a n d p r e v e n t i o n o f soi l 

sa l in iza t ion . 

In t h e l o n g t e r m , it is i m p o s s i b l e to e x t r a c t m o r e w a t e r f r o m a n a q u i f e r t h a n is r e p l e n i s h e d 
b y s e e p a g e f rom b o t h p r e c i p i t a t i o n o r s u r f a c e w a t e r b o d i e s . T h e p u m p i n g o r e x t r a c t i o n r a t e 
wi l l e v e n t u a l l y h a v e to a d j u s t t o t h e a v a i l a b i l i t y o f w a t e r w i t h i n t h e a q u i f e r . B u t it is u s u a l l y 
m o r e a d v i s a b l e t o s t r i k e t h i s b a l a n c e at a h i g h l eve l o f g r o u n d w a t e r h e a d s t h a n at l o w l e v e l s . 

D e c l i n i n g g r o u n d w a t e r l e v e l s c a n l ead t o o t h e r s e r i o u s d a m a g e s a s , for e x a m p l e , a s e v e r e 

l o w e r i n g o f t h e w a t e r t a b l e c a n a d v e r s e l y a f fec t t h e n a t u r a l fo res t c l i m a x tha t is d e p e n d a n t o n 

g r o u n d w a t e r for i t s s u r v i v a l . 

E x t r a c t i o n o f w a t e r f r o m an a q u i f e r c a n d i m i n i s h t h e a m o u n t o f o u t f l o w f rom a b a s i n a n d 

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

F o r h u m a n u s e , a s w e l l a s for w e t l a n d s a n d e c o l o g i c a l l y s e n s i t i v e a r e a s tha t a r e s i t u a t e d 

fu r the r d o w n s t r e a m , a m i n i m u m f low ra te h a s t o b e e n s u r e d . 

In c o a s t a l a r e a s , o v e r e x p l o i t a t i o n o f g r o u n d w a t e r l e a d s t o s e a w a t e r i n t r u s i o n . D u e to t h e 
d e n s i t y d i f f e r e n c e b e t w e e n f resh a n d s a l i n e w a t e r , a sa l t w a t e r w e d g e f o r m s n a t u r a l l y in 
c o a s t a l a q u i f e r s . If t h e f resh w a t e r f l o w is d i m i n i s h e d , t h e w e d g e m a y a d v a n c e fu r the r 
i n l a n d , e v e n t u a l l y l e a d i n g to t h e c o n t a m i n a t i o n o f w e l l s l o c a t e d i n l a n d . 

Sus t a inab i l i t y no t o n l y c o n c e r n s q u a n t i t y bu t a l so qua l i ty . W h i t e q u a l i t y is t h e m o r e i m p o r t a n t 
i s s u e in a g r i c u l t u r e , it is o f g r e a t e r i m p o r t a n c e for d r i n k i n g w a t e r p u r p o s e s . A s a g e n e r a l 
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g u i d e l i n e , d u e t o its h i g h q u a l i t y , g r o u n d w a t e r s h o u l d r e c e i v e a h i g h e r p r i o r i t y for d r i n k i n g 
w a t e r r a t h e r t h a n for i r r i g a t i o n , e s p e c i a l l y in the c a s e o f r e s t r i c t e d a q u i f e r s s u c h a s t h o s e o f 
t h e h a r d r o c k r e g i o n s . 

P o l l u t i o n b y n i t r a t e s a n d p e s t i c i d e s is c o m m o n in ru ra l a r e a s , w h i l e in i n d u s t r i a l r e g i o n s , 
p e t r o l e u m b a s e d h y d r o c a r b o n s a n d c h l o r i n a t e d h y d r o c a r b o n a r e t h e m a i n p r o b l e m . G e n e r a l l y , 
n o n - p o i n t p o l l u t i o n b y n i t r a t e s is m o r e w i d e s p r e a d t h a n i n d u s t r i a l p o l l u t i o n s o f g r o u n d w a t e r 
b e c a u s e it is m a i n l y c a u s e d b y e x c e s s i v e a p p l i c a t i o n o f n i t r o g e n f e r t i l i z e r s a s w e l l a s a n i m a l 
w a s t e . T h i s c a u s e s i n c r e a s e d l e a c h i n g o f n i t r a t e s to g r o u n d w a t e r a n d a l s o i n c r e a s e d e m i s s i o n 
o f N 2 0 a n d N H 3 i n t o t h e a t m o s p h e r e . 

T h e m o s t i m p o r t a n t p a r a m e t e r for s u s t a i n a b l e g r o u n d w a t e r m a n a g e m e n t is t h e r e c h a r g e 

o f t h e aqu i f e r . It is a q u a n t i t y tha t is d i f f icu l t t o e s t i m a t e , a n d i n d i r e c t m e t h o d s h a v e t h e r e f o r e 

to b e e m p l o y e d . M e a s u r e m e n t o f s t r e a m f low r e c e s s i o n c u r v e s is o n e o f t h e a c c e p t e d i n d i r e c t 

m e t h o d s , a n d t h i s is b a s e d o n t h e u n d e r s t a n d i n g tha t u n d e r l o w f low c o n d i t i o n s tha t o b t a i n 

d u r i n g d r y w e a t h e r ai l t h e f l ow in a s t r e a m is s u p p o s e d l y f rom g r o u n d w a t e r . A n o t h e r m e t h o d 

for e s t i m a t i n g r e c h a r g e is b y t h e u s e o f e n v i r o n m e n t a l t r a c e r s s u c h a s t r i t i u m . 

T h r e a t s t o G r o u n d w a t e r Q u a l i t y 

P r o b l e m s o f g r o u n d w a t e r q u a l i t y c a n a r i s e f rom t w o m a i n d e s t r u c t i v e c a u s e s , n a m e l y ( I ) 

t h o s e r e l a t e d t o a n t h r o p o g e n i c p o l l u t i o n a n d (2) t h o s e r e l a t e d t o e x c e s s i v e a b s t r a c t i o n . T h e 

m a i n c a u s e s a n d c o n c e r n s tha t r e l a t e to t h e t y p e o f p r o b l e m is s h o w n in T a b l e (12 . 1 ) b e l o w . 

Table 12.1 
Classification of groundwater quality problems 

5- No. Type of Problem Causes Concerns 

1 Anthropogenic Inadequate protection of Pathogens, N O r 

Pollution aquifers against manmade CI, aromatic 
pollution. hydrocarbon. 

heavy metals, S 0 4 

2 Excessive Polluted or saline groundwater Persistent 
Abstraction induced to flow in to fresh water anthropogenic 

aquifers. contaminant and 

Na, CI etc. 

Anthropogenic pollution 

S e r i o u s p o l l u t i o n o f g r o u n d w a t e r s o c c u r w h e n c o n t a m i n a n t s a r e l e a c h e d f r o m t h e l and 
s u r f a c e c o n s e q u e n t o n m a j o r c h a n g e s in l a n d - u s e p r a c t i c e s . T h e m o s t c o m m o n p o l l u t a n t s a r e 
n i t r a t e , fecal p a t h o g e n , a n d t o x i c o r g a n i c c o m p o u n d s . T h e m a j o r c o n c e r n s r e l a t e m a i n l y to 
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t h e p h r e a t i c a q u i f e r s w h e r e t h e v a d o s e z o n e is t h in a n d t h e w a t e r t a b l e is a l s o s h a l l o w . In 

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

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

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

n o n - d e g r a d a b i l i t y . 

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

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

t ak ing p l ace , u n d e r i n t ens ive u s e o f i no rgan i c fert i l izers. S imi la r ly , t h e i n c r e a s i n g u s e o f quan t i t i e s 

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

Excessive abstraction 

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

a s s o m e e x t e r n a l s i d e e f f ec t s . A s a r e su l t o f t h e r a p i d g r o w t h o f g r o u n d w a t e r e x p l o i t a t i o n 

tha t is t a k i n g p l a c e in s o m e d e v e l o p i n g c o u n t r i e s , it is o b s e r v e d t h a t w a t e r is b e i n g a b s t r a c t e d 

f rom s e v e r a l a q u i f e r s at u n c o n t r o l l e d a n d g r o s s l y u n s u s t a i n a b l e r a t e s . 

T h i s u n c o n t r o l l e d a b s t r a c t i o n r e s u l t s in q u a l i t y d e t e r i o r a t i o n o f t h e e x p l o i t e d a q u i f e r c a u s e d 

b y t h e i n f l o w o f s a l i n e w a t e r b y u p c o n i n g o r l a te ra l i n t r u s i o n . In t h e c a s e o f t h e c o a s t a l 

a q u i f e r s ; a n d a n a l m o s t i r r e v e r s i b l e d e t e r i o r a t i o n in t h e c a s e o f t h o s e a q u i f e r s w h e r e t h e 

m i c r o - p o r o u s m a t r i x is i n v a d e d b y p o o r q u a l i t y w a t e r , b e c a u s e it t a k e s a v e r y l o n g t i m e for th is 

p o o r q u a l i t y w a t e r t o b e f l u s h e d o u t o f t h i s m i c r o - p o r o u s m a t r i x . 

A p p r o a c h T o w a r d s S u s t a i n a b l e U s e o f G r o u n d w a t e r 

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

aqu i f e r , an a c c e p t a b l e l eve l o f k n o w l e d g e o f t h e s e t t i n g a n d h y d r o l o g i c a i b e h a v i o u r o f t h e 

a q u i f e r t y p e is a n e s s e n t i a l p r e - r e q u i s i t e . In t h e c a s e o f t h e d i f f e r e n t t y p e s o f a q u i f e r s 

e n c o u n t e r e d in th i s c o u n t r y , s u c h an a c c e p t a b l e leve l o f k n o w l e d g e is n o w a v a i l a b l e in r e s p e c t 

o f four o f t h e c o u n t r y ' s m a i n a q u i f e r s . T h e s e a r e t h e s h a l l o w K a r s t i c A q u i f e r o f J a f fna , t h e 

D e e p S e m i - c o n f i n e d A q u i f e r s o f N o r t h - W e s t Sri L a n k a , t h e R e g o l i t h A q u i f e r o f t h e H a r d 

R o c k R e g i o n , a n d t h e S h a l l o w C o a s t a l S a n d A q u i f e r s . 

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

Ja f fna k a r s t i c a q u i f e r p r i o r t o 1 9 8 3 , t h e m o n i t o r i n g s t u d i e s h a v e b e e n d i s r u p t e d s i n c e t h e n a n d 

t h e c o n t i n u i t y o f t h e s t u d i e s a f f ec t ed . In t h e c a s e o f t h e d e e p c o n f i n e d a q u i f e r s o n l y p r e l i m i n a r y 

d a t a o n t h e d y n a m i c s o f t h e h y d r o l o g y is a v a i l a b l e t o d a t e . H o w e v e r , an a d e q u a t e b o d y o f 

d a t e is n o w a v a i l a b l e for t h e R e g o l i t h a q u i f e r o f t h e h a r d r o c k r e g i o n a n d t h e C o a s t a l s a n d 

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

a g e n c i e s n a m e l y t h e W R B a n d t h e D O A . H e n c e t h e s e t w o a q u i f e r s h a v e b e e n s e l e c t e d for 

fu r the r d i s c u s s i o n in t h i s s e c t i o n . 
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T h e m a i n f e a t u r e s o f t h i s a q u i f e r h a s b e e n a d e q u a t e l y d e s c r i b e d a n d d i s c u s s e d in C h a p t e r 6 

o f t h i s p u b l i c a t i o n . T h e r e c e n t t r e n d s in t h e u t i l i z a t i o n o f t h e g r o u n d w a t e r r e s o u r c e s a n d 

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

T h e u s e o f s h a l l o w g r o u n d w a t e r f rom t h e r e g o l i t h a q u i f e r z o n e in t h e h a r d m e t a m o r p h i c 

r o c k a r e a s o f t h e n o r t h c e n t r a l r e g i o n h a s p r o g r e s s e d v e r y r a p i d l y d u r i n g t h e l as t 2 0 y e a r s . 

T h e f o r m e r A g r i c u l t u r a l D e v e l o p m e n t A u t h o r i t y ( A D A ) h a d b e e n p r o m o t i n g t h e a g r o - w e l l 

d e v e l o p m e n t p r o g r a m m e in t h e A n u r a d h a p u r a d i s t r i c t f rom t h e m i d 1 9 8 0 ' s , in o r d e r t o h e l p 

s m a l l f a r m e r s c u l t i v a t e h i g h v a l u e c r o p s u n d e r lift i r r i g a t i o n d u r i n g t h e d r y Yala s e a s o n . It i s 

e s t i m a t e d tha t in t h e A n u r a d h a p u r a d i s t r i c t a l o n e it h a d a s s i s t e d n e a r l y 1 5 , 0 0 0 f a r m e r s to 

c o n s t r u c t o p e n d u g w e l l s ( a g r o - w e l l s ) u s u a l l y 7 t o 10 m in d e p t h a n d 5 t o 7 m in d i a m e t e r , in 

o r d e r t o a b s t r a c t l i m i t e d q u a n t i t i e s o f g r o u n d w a t e r for i r r i g a t i n g s m a l l p l o t s o f 0 .5 to 1.0 a c r e 

s i z e for t h e c u l t i v a t i o n o f c h i l l i , o n i o n a n d o t h e r v e g e t a b l e c r o p s . 

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

e x c e s s i v e a b s t r a c t i o n c o u l d e a s i l y lead t o a r a p i d l o w e r i n g o f t h e e x i s t i n g g r o u n d w a t e r l e v e l s 

d o w n to t h e b e d r o c k . A h i g h d e n s i t y o f a g r o - w e l l s c o u l d a l s o l ead t o a s i t u a t i o n w h e r e an o v e r 

e x t r a c t i o n o f t h e l i m i t e d a m o u n t o f g r o u n d w a t e r t a k e s p l a c e , w h i c h in t u r n l e a d s t o an 

a b a n d o n m e n t o f o t h e r a g r o - w e l l s in t h e v i c i n i t y a s h a p p e n e d a t P a l u w a in t h e G a l g a m u w a 

a r e a in t h e e a r l y 1 9 9 0 ' s . It is s u g g e s t e d t h a t o v e r e x t r a c t i o n o f t h e g r o u n d w a t e r c o u l d a l s o 

l o w e r t h e g r o u n d w a t e r l eve l t o s u c h a n e x t e n t t o a d v e r s e l y a f fec t t h e n a t u r a l v e g e t a t i o n in a 

v e r y d r y y e a r , w h i c h , in t u r n , w o u l d l e a d t o an i r r e v e r s i b l e e n v i r o n m e n t a l d a m a g e . 

O v e r a l l , it c o u l d b e c o n c l u d e d t h a t t h e s e l e c t i v e u s e o f t h i s r e g o l i t h a q u i f e r wi l l c o n t i n u e to 

r e m a i n a g o o d s t r a t e g y as l o n g as t h e ra te o f e x t r a c t i o n is l e s s t h a n t h e a v e r a g e a n n u a l 

r e c h a r g e o f t h e r e g o l i t h aqu i f e r . 

Results of Recent Monitoring Studies 

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

( 1 9 9 3 ) , a n d t h e o t h e r b y A r i y a b a n d u ( 1 9 9 6 ) h a v e b e e n r e p o r t e d ; w h i l e r e s u l t s f rom a m o r e 

d e t a i l e d s y s t e m a t i c s t u d y c a r r i e d at o n 9 4 a g r o w e l l s l o c a t e d w i t h i n 3 5 c a s c a d e s in t h e 

A n u r a d h a p u r a d i s t r i c t h a v e b e e n r e p o r t e d b y P e r e r a et a l . ( 2 0 0 1 ) . 

R e s u l t s o f t h e a b o v e e x p l o r a t o r y s t u d i e s s h o w tha t t h e q u a l i t y o f g r o u n d w a t e r in t h e a g r o -

w e l l s o f t h e A n u r a d h a p u r a a n d p a r t s o f t h e K u r u n e g a l a d i s t r i c t s a r e s u i t a b l e for t h e i r r i g a t i o n 

o f t h e c o m m o n l y g r o w n c r o p s ; a n d a l s o tha t t h e r e w a s n o r i sk f rom a n y s o d i u m h a z a r d 

d e v e l o p i n g b e c a u s e t h e S A R v a l u e s o f t h e t e s t e d w a t e r s a m p l e s h a d a v a l u e o f less t h a n 10. 

R e s u l t s f rom P e r e r a ' s s y s t e m a t i c s t u d y s h o w tha t 5 0 p e r c e n t o f t h e 9 4 a g r o - w e l l s s t u d i e d 

h a v e a n E C v a l u e o f b e t w e e n 5 0 0 to 1 ,000 t i S / c m , a n d tha t 3 0 p e r c e n t o f t h e a g r o w e l l s h a v e 

an E C v a l u e o f b e t w e e n 1 0 0 0 to 2 0 0 0 j t S / c m . V a l u e s o f E C h i g h e r t h a n 2 0 0 0 /xS /cm w e r e 

r e p o r t e d f r o m o n l y five p e r c e n t o f t h e a g r o - w e l l s . 
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T h e d e p t h o f w a t e r c o l u m n s in t h e a g r o - w e l l s s h o w e d a g r a d u a l i n c r e a s e f rom S e p t e m b e r 

t o J a n u a r y , a n d a s t e a d y d e c l i n e f r o m A p r i l t o A u g u s t . A t t h e e n d o f t h e d r y s e a s o n , w e l l s in 

t h e K e b i t h i g o l l e w a , K a h a t a g a s d i g i l i y a a n d H o r o w a p a t h a n a D . S . D i v i s i o n s h a d a d e p t h o f 

w a t e r c o l u m n s o f m o r e t h a n 1.5 m w h i c h i n d i c a t e d t h e i r b e t t e r g r o u n d w a t e r s t a t u s e n d o w m e n t ; 

w h i l e w e l l s in t h e V i l a c h c h i y a a n d P a l a g a l a D . S . D i v i s i o n s h a d a d e p t h o f w a t e r c o l u m n l e s s 

t h a n 1.0 m w h i c h i n d i c a t e d t h e i r p o o r e r s t a t u s o f g r o u n d w a t e r e n d o w m e n t . 

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

e x p l o i t a t i o n o f t h e r e g o l i t h a q u i f e r w o u l d resu l t in an i r r e v e r s i b l e d e g r a d a t i o n o f t h i s p r e c i o u s 

g r o u n d w a t e r r e s o u r c e . In a s t u d y c o n d u c t e d o n 5 0 c a s c a d e s w i t h i n t h e A n u r a d h a p u r a d i s t r i c t , 

S e n a r a t n e ( 1 9 9 6 ) h a s s h o w n tha t t h e o p t i m u m n u m b e r o f a g r o - w e l l s t h a t c o u l d b e s a f e l y 

a c c o m m o d a t e d w i t h i n t h e s e 5 0 c a s c a d e s is n o t m o r e t han 3 , 6 0 0 ; a n d t h a t a l r e a d y w i t h i n five 

o f t h e s e 5 0 c a s c a d e s , t h e n u m b e r o f a g r o - w e l l s h a s a l r e a d y e x c e e d e d t h e u p p e r l imi t . 

S t u d i e s c o n d u c t e d b y d e S i l v a ( 1 9 9 7 ) h a v e a l s o s h o w n t h a t t h e k e y a q u i f e r p a r a m e t e r s , 

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

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

s c h e d u l e a n d a b s t r a c t i o n r a t e s s h o u l d m a t c h t h e s e a s o n a l r e c h a r g e r a t e s w i t h i n a n a g r o - w e l l 

in o r d e r to a v o i d d r y i n g u p o f t h e w e l l d u r i n g t h e c r o p p i n g s e a s o n . D e S i l v a ( 2 0 0 2 ) h a s a l s o 

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

w a s o n l y 10 t o 15 p e r c e n t o f t h e a n n u a l r a in fa l l , a n d tha t a m a j o r p r o p o r t i o n o f t h i s r e c h a r g e 

t a k e s p l a c e d u r i n g t h e r a i n y s e a s o n f rom la t e O c t o b e r to la te D e c e m b e r . 

H o w e v e r , it h a s a l s o b e e n o b s e r v e d tha t in s o m e a r e a s w h e r e t h e s e s t u d i e s w e r e c o n d u c t e d , 

t h i s a m o u n t o f r e c h a r g e w a s n o t su f f i c i en t to fully r e p l e n i s h t h e s h a l l o w r e g o l i t h aqu i f e r . 

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

b e e n d e v e l o p e d b y d e S i l v a ( 1 9 9 7 ) a n d t h e s e c o u l d b e e f f e c t i v e l y u s e d t o r e g u l a t e u t i l i z a t i o n 

o f th is l i m i t e d g r o u n d w a t e r s u p p l y o n a s u s t a i n a b l e b a s i s . O n t h e f o r e g o i n g c o n s i d e r a t i o n s , it is 

n o w p o s s i b l e to l i m i t t h e fu tu re d e v e l o p m e n t o f a g r o - w e l l s a c c o r d i n g to t h e c a r r y i n g c a p a c i t y 

o f t h e a q u i f e r b y u s e o f t h e a b o v e n o m o g r a p h s . 

D h a r m a s e n a ( 2 0 0 0 ) , h a s v e r y c o r r e c t l y s h o w n t h a t s i n c e t h e r e g o l i t h a q u i f e r s h a v e v e r y 

l i m i t e d r e s o u r c e s o f g r o u n d w a t e r , at l eas t 2 5 p e r c e n t o f t h e p o t e n t i a l g r o u n d w a t e r s t o r a g e in 

a n a q u i f e r s h o u l d b e r e s e r v e d i n o r d e r t o m e e t e n v i r o n m e n t a l r e q u i r e m e n t s . H i s 

r e c o m m e n d a t i o n tha t a n a g r o - w e l l s h o u l d h a v e a m i n i u m w a t e r d e p t h o f 1.5 m at t h e e n d o f 

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

a 2 4 m o n t h p e r i o d b y t h e W R B in t h e A n u r a d h a p u r a d i s t r i c t . 

Coastal Sand Aquifer 

T h e m a i n f e a t u r e s o f t h i s a q u i f e r h a s b e e n a d e q u a t e l y d e s c r i b e d a n d d i s c u s s e d in C h a p t e r 7 
o f th is p u b l i c a t i o n . 

T r a d i t i o n a l l y , u p t o a r o u n d t h e I 9 6 0 ' s b o t h t y p e s o f t h e s e c o a s t a l a q u i f e r s w e r e v e r y s p a r s e l y 

u t i l i z e d . W a t e r f rom t h e s e s h a l l o w a q u i f e r s w a s lifted m a n u a l l y a n d m a i n l y u s e d for d o m e s t i c 
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p u r p o s e s b y t h e f i s h i n g v i l l a g e s . In t h e e a r l y p a r t o f t h e las t c e n t u r y s e v e r a l ra in fed c o c o n u t 
p l a n t a t i o n s w e r e s u c c e s s f u l l y e s t a b l i s h e d in t h e c o a s t a l a q u i f e r s o f t h e P u t t a l a m d i s t r i c t a n d 
a l s o a l o n g t h e E a s t e r n s e a b o a r d a r o u n d N i i a v e l i in t h e T r i n c o m a l e e d i s t r i c t . C h e w i n g t o b a c c o 
w a s a l s o g r o w n b y s m a l l f a n n e r s in t h e K a l p i t i y a p e n i n s u l a u s i n g s i m p l e lift i r r i ga t i on d e v i c e s , 
a n d t h e s e c o - e x i s t e d w i t h t h e c o c o n u t p l a n t a t i o n s . 

I n t e n s i f i c a t i o n o f l and u s e in t h e s e c o a s t a l s a n d a r e a s b e g a n a r o u n d t h e e a r l y 1 9 7 0 ' s w i t h 
f a r m e r s u s i n g s m a l l d i e s e l p u m p s to lift w a t e r for i r r i g a t i n g c h i l l i e s a n d o n i o n s , w h i c h w e r e 
b e c o m i n g q u i t e p r o f i t a b l e . S m a l l a n d m e d i u m s c a l e t o u r i s t r e s o r t s a l s o b e g a n to d e v e l o p , 
e s p e c i a l l y a r o u n d N i i a v e l i in t h e n o r t h e a s t e r n r e g i o n , w h i c h d r a w t h e i r w a t e r s u p p l i e s f rom 
t h e s e a q u i f e r s . 

O n e o f t h e b e s t e x a m p l e s o f a r a p i d c h a n g e , b o t h in t h e n a t u r e a n d i n t e n s i t y o f l a n d u s a g e , 
c o m e s f rom t h e K a l p i t i y a p e n i n s u l a . W i t h t h e i n t r o d u c t i o n o f h i g h l y p r o f i t a b l e c a s h c r o p s 
s u c h as ch i l l i , o n i o n , p o t a t o a n d v e g e t a b l e s , m o r e d u g w e l l s w e r e c o n s t r u c t e d , a n d m e c h a n i c a l 
p u m p s a n d y e a r r o u n d s p r a y i r r i g a t i o n u s e d to s u p p l y c r o p w a t e r r e q u i r e m e n t s . T h e ra te o f 
g r o u n d w a t e r e x t r a c t i o n in s o m e p a r t s o f t h e p e n i n s u l a h a s n o w e x c e e d e d t h e r e c h a r g e r a t e . 
R e s u l t s o f m o n i t o r i n g o f w a t e r q u a l i t y n o w r e v e a l a h i g h b u i l d u p o f n i t r a t e c o n c e n t r a t i o n in 
e x c e s s o f t h e s t i p u l a t e d W H O s t a n d a r d s , o f ten e x c e e d i n g 2 2 m g / l for p a r t o f t h e yea r . 

M o n i t o r i n g o f t h e a g r o - w e l l s in t h e N i i a v e l i a q u i f e r i n d i c a t e t h a t d e s p i t e t h e h i g h i n t e n s i t y 
o f o n i o n c u l t i v a t i o n , t h e r e is n o b u i l d u p o f s o l u b l e s a l t s in t h e g r o u n d w a t e r , a n d tha t b o t h 
n i t r a t e a n d c h l o r i d e v a l u e s in t h e i r r i g a t i o n w a t e r s h o w a s h a r p r i s e b y t h e e n d o f t h e d r y 
s e a s o n , b u t d e c l i n e t o a l o w l eve l a f t e r t h e N o v e m b e r - D e c e m b e r r a i n s . It i s , t h e r e f o r e , 
r e a s o n e d tha t in th i s e n v i r o n m e n t t h e a m o u n t o f r a in fa l l r e c e i v e d d u r i n g t h e Maha s e a s o n is 
su f f i c i en t t o l e a c h o u t a n d d i l u t e t h e s o l u t e s t h a t h a v e bu i l t u p in t h e so i l d u r i n g t h e d r y Yala 
s e a s o n a n d a l s o a s a r e s u l t o f r e c y c l i n g o f i r r i g a t i o n w a t e r b y i n t e n s i v e i r r i g a t i o n . 

S e v e r a l s t u d i e s h a v e b e e n r e p o r t e d in r e s p e c t o f t h e c o a s t a l s a n d a q u i fers b o t h in K a l p i t i y a 
a n d in N i l a w e l i - K u c h c h a w e l i . T h e K a l p i t i y a c o a s t a l s a n d a q u i f e r h a s b e e n s t u d i e d o v e r t h e 
p e r i o d 1985 to 1991 b y t h e D O A a n d t h e B G S u n d e r an O D A a s s i s t e d p r o g r a m m e . T h e 
N i l a w e l i c o a s t a l s a n d a q u i f e r h a s b e e n s t u d i e d b y t h e W R B in c o l l a b o r a t i o n w i t h G T Z f rom 
1 9 9 9 to p r e s e n t . 

Results of Recent Monitoring Studies 

R e s u l t s o f m o n i t o r i n g o f a g r o - w e l l s in K a l p i t i y a s h o w tha t t h e E C v a l u e s o f t h e g r o u n d w a t e r 
v a r i e d f rom 4 0 0 to 1,500 t i S / c m o v e r m o s t o f t h e p e n i n s u l a . L a w r e n c e a n d K u r u p p u a r a c h c h i i 

( 1 9 8 9 ) h a v e r e p o r t e d t h a t w h i l e t h e q u a l i t y o f g r o u n d w a t e r o v e r l a r g e a r e a s o f t h e p e n i n s u l a 
is g o o d , it is o b s e r v e d tha t w i t h i n t h e c u l t i v a t e d a r e a s t h e c o n c e n t r a t i o n s o f n i t r a t e , p o t a s s i u m 
a n d c h l o r i d e a r e e x c e p t i o n a l l y h i g h . K u r u p p u a r a c h c h i a n d F e r n a n d o ( 1 9 9 9 ) a l s o r e p o r t tha t 
t h e b u i l d u p o f n i t r a t e a n d c h l o r i d e is q u i t e d r a m a t i c a n d h a s b e e n e s t i m a t e d a t 1 -2 m g N" 1 a n d 
5 m g CI 1 "' p e r a n n u m , r e s p e c t i v e l y . 

R e s u l t s o f m o n i t o r i n g o f a g r o - w e l l s in t h e N i l a w e l i - K u c h c h a w e l i a r e a , a s r e p o r t e d b y 
P a n a b o k k e et a l . ( 2 0 0 2 ) , s h o w a r i se in E C v a l u e s f o l l o w i n g t h e e a r l y Malta r a i n s f o l l o w e d b y 1 

a p e r i o d o f s t a b i l i t y in F e b r u a r y - M a r c h , a n d t h e n a s h a r p d e c l i n e a f t e r t h e A p r i l r a i n s . T h e 
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c o n c e n t r a t i o n s o f n i t r a t e a n d c h l o r i d e a l s o s h o w a r i s e in in i t ia l v a l u e s in S e p t e m b e r f o l l o w e d 
b y a d e c l i n e in v a l u e s a f t e r J a n u a r y - F e b r u a r y . In s u m m a r y , it c o u l d b e c o n c l u d e d tha t at 
p r e s e n t t h e r e is n o e v i d e n c e o f a b u i l d u p in t h e c o n c e n t r a t i o n o f s o l u t e s in t h e s e a g r o w e l l 
w a t e r s . It c o u l d b e r e a s o n e d tha t t h e q u a n t i t y of Maha s e a s o n r a i n s r e c e i v e d is s u f f i c i e n t t o 
l e a c h o u t s o l u t e s t h a t h a v e b u i l t u p d u r i n g t h e d r y s e a s o n . It w o u l d , t h e r e f o r e , b e c o n c l u d e d 
that t h i s N i l a w e l i a q u i f e r is o f a m o r e b e n i g n a n d r o b u s t n a t u r e t h a n t h e K a l p i t i y a aqu i f e r . 

A s p r e v i o u s l y s h o w n , t h e r e is a c l e a r d i f f e r e n c e in b e h a v i o u r b e t w e e n t h e K a l p i t i y a a n d 
N i l a w e l i c o a s t a l s a n d a q u i f e r s . B e i n g l o c a t e d o n a ' s p i t ' w i t h t h e s e a a n d l a g o o n o n b o t h 
s i d e s , t h e K a l p i t i y a a q u i f e r is m o r e f rag i le a n d a l s o r e c e i v e s a l o w e r Maha s e a s o n ra in fa l l for 
r e c h a r g e . T h e N i l a w e l i a q u i f e r in c o n t r a s t , b e i n g l o c a t e d o n a r a i s e d b e a c h w i t h t h e s e a o n l y 
on its e a s t e r n f lank a n d a l s o e x p e r i e n c i n g a h i g h e r Maha s e a s o n r a i n f a l l , is m o r e r o b u s t a n d 
l e n d s i t s e l f to e a s i e r m a n a g e m e n t . T h i s is b o r n e o u t b y t h e r e s u l t s o f t h e m o n i t o r i n g s t u d i e s 
r e p o r t e d in r e s p e c t o f t h e t w o a q u i f e r s . 

A c c o r d i n g t o L a w r e n c e et a l . ( 1 9 8 6 ) , t h e g r o u n d w a t e r s y s t e m in t h e K a l p i t i y a a q u i f e r c a n 
b e v i s u a l i z e d a s a s e r i e s o f c e l l s a s s h o w n in F i g u r e 7 . 5 , w h e r e " w i t h i n e a c h ce l l g r o u n d w a t e r 
is d r a w n to t h e i r r i g a t i o n w e l l a n d s p r e a d o v e r t h e c r o p p e d a r e a w h e r e m o s t o f t h e a p p l i e d 
w a t e r r e t u r n s to t h e w a t e r t a b l e . T h e re tu rn i r r i g a t i o n f l o w s , o n r e a c h i n g t h e w a t e r t a b l e , a r e 
u n l i k e l y t o m i g r a t e b e y o n d t h e c r o p p e d a r e a " . T h i s s t a t e m e n t a p t l y s u m s u p t h e c y c l i c p a t h o f 
the l i m i t e d i r r i g a t i o n w a t e r a n d its r e t u r n t o t h e u n d e r l y i n g a q u i f e r d i r e c l y b e l o w t h e c u l t i v a t e d 
s u r f a c e a r e a . 

B e a r i n g th i s in m i n d , o n e s h o u l d n o t b e t oo c o m p l a c e n t r e g a r d i n g t h e s u s t a i n a b i l i t y o f t h e s e 
a q u i f e r s u n d e r t h e p r e s e n t i r r i g a t i o n a n d w a t e r m a n a g e m e n t p r a c t i c e s . A s y s t e m a t i c a n d w e l l 
c o n c e i v e d m o n i t o r i n g p r o g r a m m e o n b o t h t h e qua l i t y a n d q u a n t i t y o f t h e a q u i f e r o n a s e q u e n t i a l 
s e a s o n a l b a s i s is o f p r i m e i m p o r t a n c e if t h e s u s t a i n a b l e u s e o f t h e s e f r ag i l e a q u i f e r s is t o b e 
e n s u r e d . A l t h o u g h at p r e s e n t it is o b s e r v e d tha t t h e g r o u n d w a t e r in w e l l s l o c a t e d o u t s i d e t h e 
i n t e n s e l y c u l t i v a t e d a r e a s is g e n e r a l l y o f g o o d q u a l i t y a n d d o e s n o t a p p e a r t o b e s i g n i f i c a n t l y 
a f f ec t ed b y d i f f u s i o n o f p o l l u t i o n s o l u t e s , a d e q u a t e s a f e g u a r d s s h o u l d b e se t in p l a c e t o e n s u r e 
the i r su s t a inab i l i t y . 

References 

01. AriyabanduR.deS.andSomaratneW.G. (1996) 
Assessment ofthe Anuradhapura agro-well programme. ARTI monograph. 

02. de Silva C.S.(1997) 
Optimizing agrowell dimensions for irrigation in hard rock aquifers in Sri Lanka, J. of Agric. 
WaterMgnt. 33: 117-126. 

03. de Silva C. S. (2002) 
Regulation of shallow groundwater resources in hard rock areas of Sri Lanka. Symp. On use 
ofgroundwaterinSri Lanka AESL/PGIA programme. 

04. Dharmascna,PB.(2000) 
Efficient use of surface and groundwater resources. NSF Workshop PGIA, Peradeniya. 



126 C . R. Panabokke 

05. Kendaragama, K. M.A. (1993) 
Water quality of agro-wells in the Anuradhapura district, DO A memo. pp. 1 3 6 - 142 

06. Kuruppuarachchi, D. S. P. and Fernando W. A. R. (1999) 
Impact of irrigated agriculture on groundwater quality in Kalpitiya 
J. Soil Sci. Soc. S.L. 1 1 : 9 - 1 6 . 

07. Panabokke. C. R. (2002) 
Nature of occurrence of regolith aquifer in the hard rock region of North Central dry zone and 
its rational exploitation for agro-well development, Symp. On use of groundwater in Sri Lanka, 
AESL/PG1A, Peradeniya. 

08. Panabokke, C. R, Pathirana, S. R. K. and Wijekoon, D.W. (2002) 
Water quality of agro-wells in the coastal sand aquifer in Trincomalee district. Symp. On use 
of groundwater in Sri Lanka, AESL/PGIA, Peradeniya. 

09. Perera A. P. G. Wijekoon, D.W. and Seneviratne, A. A. K. (2002) 
Water quality of agrowells in the Anuradhapura district. 
Symp. onuscofgroundwaterinSri Lanka. AESL/PGIA Peradeniya. 

10. Senaratne, A. (1996) 
Consultant's Report to IWMI on groundwater in the NCP. 



Groundwater Conditions in Sri Lanka 127 

Appendix 1 (a) 

Ten Selected Publications from C.H.L. Sirimanne Memorial Volume 

Contents Pages 

1. H .F . T o m a l i n 

U n d e r g r o u n d W a t e r R e s o u r c e s o f C e y l o n - 1 9 3 8 1 0 - 1 6 

P r e s i d e n t i a l A d d r e s s 1921 at T h e E n g i n e e r i n g A s s o c i a t i o n o f C e y l o n 

2 . S. M a h a d e v a 

T h e H y d r o l o g y o f J a f fna - 1 9 3 8 17 - 3 0 

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

3 . C . H . L . S i r i m a n n e 

G e o l o g y for W a t e r S u p p l y - 1 9 5 2 31 - 5 8 

P r e s i d e n t i a l A d d r e s s to N a t u r a l S c i e n c e S e c t i o n o f C A A S 

A n n u a l S e s s i o n 1952 

4 . C . H . L . S i r i m a n n e a n d G D . V a i d y a 

T h e O c c u r r e n c e o f G r o u n d W a t e r in C e y l o n - 1955 5 9 - 6 8 

O c c a s i o n a l P a p e r G e o l o g i c a l S u r v e y D e p a r t m e n t 

5 . Prof . A b e l W o l m a n 

G r o u n d w a t e r E x p l o r a t i o n - 1 9 5 6 P r o b l e m s a n d D e f i c i e n c i e s 6 9 - 7 2 

W . H . O . C o n s u l t a n c y 

6 . J o h n W . F r i n k , G e o l o g i c a l E n g i n e e r 

G r o u n d w a t e r C o n d i t i o n in C e y l o n - 1 9 5 8 a n d S u g g e s t e d 7 3 - 8 9 

P r o g r a m m e for E x p l o r a t i o n a n d D e v e l o p m e n t U S O M 

7 . S.J . B o c k s 

G r o u n d w a t e r H y d r o l o g y - 1961 9 0 - 9 4 

S p e c i a l i s t O f f i c e r I r r i g a t i o n D e p a r t m e n t 

8. C . H . L . S i r i m a n n e 

C e y l o n ' s W a t e r R e s o u r c e s A n d T h e i r D e v e l o p m e n t - 1 9 6 2 9 5 - 104 

P a p e r r e a d at S y m p o s i u m o f So i l C o n s t r u c t i o n S o u t h o f C e y l o n 

9 . C . H . L . S i r i m a n n e 

C e y l o n ' s G r o u n d W a t e r R e s o u r c e s - 1 9 6 4 • 105 - 116 

W o r k i n g G r o u p o n I r r i g a t i o n a n d D e v e l o p m e n t 

10. C . H . L . S i r i m a n n e 

G r o u n d W a t e r R e s o u r c e s in t h e D r y Z o n e - 1 9 6 7 117 - 1 2 6 

P a p e r r e a d a t A n n u a l c o n f e r e n c e o f C A A S A n n u a l S e s s i o n in 1 9 6 7 



128 

A p p e n d i x 1 ( b ) 

C. R. Panabokke 

Selected References from C.H.L. Sirimanne Presidential Address of 1952 to CAAS. 
Section D Natui'al Science 

A b r a h a m , M . C . 

B i s s c t , C . B . 

C o a t e s , J. 

F e r n a n d o , L J . D . 

J o a c h i m , A . W . R . 

K i n g . W. 

K r u l . W . F . J . M . a n d 
L i c f r i n c k , F .A. 

M a h a d e v a , S . 

M a h a d e v a , S. 

S i r i m a n n e , C . H . L . 

T o l m a n , C .F . 

W a d i a , D . N . 

W a y l a n d , E.J . 

D a v i e s , A . M . 

1946 

194! 

1929 

1947 

1945 

1895 

1945 

1930 

1932 

1934 

1938 

1950 

1937 

1930 

1940 

1939 

a n d 1923 

W a t e r R e s o u r c e s o f C e y l o n , T r a n s , E n g . 
A s s o c . C e y l o n , P a r t I. 

W a t e r B o r i n g in U g a n d a , G e o l o g i c a l 
S u r v e y , U g a n d a , W.S .P . N o . 1. p . 18. 

W a t e r S u p p l y I n v e s t i g a i l o n s in H a m b a n l o t a 
D i s t r i c t a n d N W P . C e y l o n , S e s s i o n a l P a p e r 
3 0 o f 1 9 2 9 . 

S o m e A s p e c t s o f t h e g e o l o g y o f C e y l o n . 
P r o c . T h i r d A n n . S e s s . C e y l o n A s s o c i a t i o n 
S c i e n c e 

T h e S o i l s o f C e y l o n P r o c . F i rs t A n n . 
S e s s . C e y l o n A s s o c . S c i e . , Pa r t 3 . 

R e p o r t o f t h e A t t e m p t e d A r t e s i a n B o r i n g al 
M a n n a r . C e y l o n G o v e r n m e n t P r e s s . 

R e c e n t G r o u n d w a t e r I n v e s t i g a t i o n s in t h e 
N e t h e r l a n d s . 

T h e W a t e r S u p p l i e s o f C o a s t a l T o w n s o f 
C e y l o n , T r a n s . , E n g . A s s o c . C e y l o n 1 9 3 0 . 

T h e R e c o v e r y o f G r o u n d w a t e r in C e y l o n Ib id . 
1932. 

T h e w a l e r s u p p l y o f R a g a m a . Ib id . 1 9 3 4 . 

T h e h y d r o l o g y o f J a f fna . Ib id . 1 9 3 8 . 

E s t i m a t i o n o f P e r c o l a t i o n in s o m e C o a s t a l 

P e r m e a b l e F o r m a t i o n o f t h e Z o n e o f C e y l o n . 

P a p e r r e a d at 6 l h A n n . S e s s . C e y . A s s o c . S c i . 

G r o u n d w a t e r 

A d m i n i s t r a t i o n R e p o r t o f t h e 
M i n e r a l o g i s t , 1 9 3 9 . 

Ib id . 1940 

Soi l E r o s i o n a n d W a t e r S u p p l y in 
G c o l . S u r v e y , U g a n d a , M e m . I V 

T h e M i o c e n e o f C e y l o n , Q u a r t . J o u r n a l , 
G e o l o g i c a l S o c i e t y , Par t 4 , 5 7 7 6 0 2 
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Number of Tube Wells Constructed by the WRB and the NWSDB 

District No. of Tube Wells 
Constructed by 

WRB 

No. of Tube 
Wells Constructed 

by NWSDB 

Total Tube 
Wells 

01 Ampara 321 716 1037 
02 A n u r a d h a p u r a 329 4693 5022 
03 Baduila 114 925 1039 
04 Baticaloa 136 9 145 
05 Colombo 190 152 342 
06 Galle 158 239 397 
07 Gampaha 272 618 890 
OS Hamban to t a 989 1494 2483 
09 Jaffna 260 — 260 
10 Kegalle 06 163 169 
11 Kilinochchi 14 — 14 
12 Kalutara 32 1099 1131 
13 Kandy 23 1731 1754 
14 Kurunega la 264 3420 3684 
15 M a n n a r 99 34 133 
16 M o n a r a g a l a 371 1961 2332 
17 Mula th ivu 44 30 74 

18 Matale 51 1509 1560 
19 Matara 11 398 409 
20 Nuwara-Eliya 49 134 183 
21 Po lonnaruwa 189 1648 1837 
22 Puttalam 1563 1705 3268 
23 Ra tnapu ra 70 1054 1124 
24 Trincomalie 21 248 269 
25 Vavuntya 503 498 1001 

Total 6 0 7 9 2 4 4 7 8 3 0 5 5 7 

Source : WRB and NWS DB databases 

A p p e n d i x 2 



130 

Appendix 3 (a) 

C . R . Panabokke 

Groundwater Utilization for Crop Production in the Dry Zone of Sri 
Lanka 
( P r o c e e d i n g s o f a S y m p o s i u m o n G r o u n d w a t e r U t i l i z a t i o n i n t h e D r y Z o n e , 

2 D e c e m b e r 1997, K a n d y , S r i L a n k a ) 

Policy guidelines for groundwater use 

1 . li is r e c o g n i z e d tha t g r o u n d w a t e r e x i s t s in t h e h a r d r o c k a r e a s o f d r y a n d i n t e r m e d i a t e 

z o n e s . It is a l s o o b s e r v e d tha t a g r o - w e l l s a n d t a n k s a r e h y d r o l o g i c a l l y c o n n e c t e d a n d 

e x i s t s in a c a s c a d e s y s t e m . T a n k c a s c a d e h a s to b e u s e d a s a un i t o f a n a l y s i s for 

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

l imi t t o t h e n u m b e r o f a g r o - w e l l s t ha t c a n b e s u c c e s s f u l l y o p e r a t e d . T h e r e is a l s o a 

d e l i c a t e b a l a n c e b e t w e e n t h e t w o , w h i c h s h o u l d b e p r e s e r v e d . T h e r e f o r e , a g r o - w e l l s 

s h o u l d b e u s e d c o n j u n c t i v e l y w i t h ra infa l l a n d t a n k w a t e r . 

2 . A t p r e s e n t a g r o - w e l l s a r e c o n s t r u c t e d w i t h o u t a n y c o n c e r n for t h e e n v i r o n m e n t . F o r 

s u s t a i n a b l e g r o u n d w a t e r u s e for i r r i g a t i o n " c a r r y i n g c a p a c i t y " o f w e l l s ( o r e x t r a c t i o n 

v a l u e ) for e a c h c a s c a d e s y s t e m n e e d s t o b e d e t e r m i n e d a n d t h e n u m b e r o f w e l l s s h o u l d 

b e m a i n t a i n e d w i t h i n t h e l imi t . 

3 . F u r t h e r r e s e a r c h o n g r o u n d w a t e r a v a i l a b i l i t y a n d d e v e l o p m e n t o f g r o u n d w a t e r for 

c o n j u n c t i v e u s e o n a p i l o t s c a l e n e e d s to b e c a r r i e d o u t . 

4 . A w a r e n e s s a m o n g all t h e g r o u p s i n v o l v e d ( p o l i t i c a l , g e n e r a l p u b l i c , g o v e r n m e n t a n d 

n o n - g o v e r n m e n t o f f i c e r s , a n d f a r m e r s ) o n t h e p o t e n t i a l d a n g e r s o f o v e r e x p l o i t a t i o n o f 

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

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

g r o u n d w a t e r in a s u s t a i n a b l e m a n n e r . 

6 . T h e r e is a l a ck o f c o o r d i n a t i o n a m o n g t h e o r g a n i z a t i o n s tha t p r o m o t e c o n s t r u c t i o n o f 

a g r o - w e l l s . V a r i o u s a g e n c i e s p r o v i d e s u p p o r t fo r i n d i s c r i m i n a t e c o n s t r u c t i o n o f a g r o ­

w e l l s . T h i s a p p r o a c h is s e l f - d e f e a t i n g a n d d e s t r u c t i v e . T h e r e is a n e c e s s i t y for h a v i n g 

a c e n t r a l a g e n c y to c o o r d i n a t e all a c t i v i t i e s r e l a t e d t o g r o u n d w a t e r u s e . 

7 . T h e r e is an u r g e n t n e e d to r e v i e w a n d rev i se e x i s t i n g p o l i c i e s , l eg i s l a t i on a n d e n f o r c e m e n t 

c o n c e r n i n g a g r o - w e l l c o n s t r u c t i o n a n d m a n a g e m e n t . T h e i s s u e is c o n s i d e r e d s e r i o u s 

e n o u g h to b e t a k e n at t h e h i g h e s t po l i t i c a l l eve l . 

8 . T h e r e m u s t b e a p o l i c y to e n s u r e t h e e f f i c ien t u s e o f al l a g r o - w c l l s in t h e c o u n t r y . 
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Guidelines for groundwater extraction 

1. T h e b a s i c l a n d u n i t t ha t is t o b e u s e d for a n a l y s i s a n d d e v e l o p m e n t o f g r o u n d w a t e r in 

t h e d r y z o n e h a s t o b e a c a s c a d e m i c r o - w a t e r s h e d . 

2. R a i n f a l l , l a n d u s e , g e o l o g y , w a t e r o u t f l o w f rom t h e w a t e r s h e d ( s u r f a c e a n d s u b s u r f a c e ) , 

g r o u n d w a t e r l eve l , w a t e r a b s t r a c t i o n r a t e s , w a t e r u s e b y d i f fe ren t l and u s e r s a n d in f luence 

o f w a t e r a b s t r a c t i o n f rom d e e p w e l l s o n t h e s h a l l o w w e l l s h a v e t o b e fu r the r s t u d i e d . 

D a t a o n t h e i n f l u e n c e o f i r r i g a t i o n c a n a l s o n t h e w a t e r t a b l e a r e a l s o n e e d e d for p r o p e r 

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

3. E n v i r o n m e n t a l i m p a c t o f a g r o - w e l l i r r i g a t i o n h a s to b e s t u d i e d a n d s h o r t - t e r m as w e l l 
a s l o n g - t e r m f o l l o w - u p a c t i o n s a r e n e e d e d . In v i e w o f t h e s e r i o u s n e s s o f d a m a g e 
c a u s e d to e n v i r o n m e n t d u e to o v e r - e x p l o i t a t i o n o f g r o u n d w a t e r , i m m e d i a t e s t e p s s h o u l d 
b e t a k e n to c o n t a i n t h e p r o b l e m b y m a k i n g a p p r o p r i a t e r e c o m m e n d a t i o n s b a s e d o n t h e 
e x i s t i n g i n f o r m a t i o n , t o l i m i t e x t r a c t i o n . T h e s e r e c o m m e n d a t i o n s c o u l d b e f i n e - t u n e d 
o n c e t h e g a p s in i n f o r m a t i o n a r e filled w i t h fu r the r s t u d i e s . S u c h r e c o m m e n d a t i o n s 
s h o u l d i n c l u d e g u i d e l i n e s for p o l i c y m a k e r s , p o l i t i c i a n s , r e g u l a t o r s / i n s t i t u t i o n s , t e c h n i c a l 
a n d p r o f e s s i o n a l staff , a n d a g r o - w e l l f a r m e r s . 

4 . In o r d e r t o p r e p a r e g u i d e l i n e s b a s e d o n e x i s t i n g i n f o r m a t i o n o n w a t e r e x t r a c t i o n , it is 

r e c o m m e n d e d to se t u p a n a t i o n a l t a sk fo rce . T h i s t a sk f o r c e s h o u l d i den t i fy c r i t i ca l 

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

g u i d e l i n e s . 

5. F o l l o w i n g l o n g - t e r m f o l l o w - u p a c t i o n s a r e r e c o m m e n d e d : 

D e v e l o p m e n t o f p r o j e c t p r o p o s a l s a n d s e c u r i n g o f f u n d s f o r f u r t h e r r e s e a r c h . 

Pr ior i t iza t ion o f r e s e a r c h re la ted t o a g r o - w e l l i r r iga t ion b y r e l evan t ins t i tu t ions . C o n t i n u o u s 

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

6 . T h e a v a i l a b l e i n f o r m a t i o n o f g r o u n d w a t e r a v a i l a b i l i t y a n d e x t r a c t i o n r e l a t e d t o a g r o ­

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

o r g a n i z a t i o n s , p o l i c y m a k e r s , p l a n n e r s , a n d v a r i o u s d o n o r s a n d p r o j e c t p e r s o n n e l . M a s s 

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

t h i s e n d . 
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A p p e n d i x 3 ( b ) 

C. R. Panabokke 

P r o c e e d i n g s o f a S y m p o s i u m U s e o f G r o u n d w a t e r f o r A g r i c u l t u r e 

i n S r i L a n k a ( 3 0 S e p t e m b e r 2 0 0 2 P e r a d e n i y a ) 

Table of Contents Page No. 

U s e o f g r o u n d w a t e r for a g r i c u l t u r e in Sri L a n k a ; A s y n t h e s i s o f t h e 

P a s t , p r e s e n t a n d t h e fu tu re , S. Pathmarajah. ( E d i t o r ) 01 

N a t u r e o f o c c u r r e n c e o f t h e r e g o l i t h a q u i f e r in t h e h a r d r o c k r e g i o n 

O f t h e N o r t h C e n t r a l d r y z o n e , a n d its r a t i o n a l e x p l o i t a t i o n for a g r o -

w e l l d e v e l o p m e n t , C.R. Panabokke. 10 

G r o u n d w a t e r e x p l o r a t i o n in S r i L a n k a - p e r s o n a l e x p e r i e n c e , 
At hula Senaratne. 2 3 

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

M i c r o - i r r i g a t i o n in S r i L a n k a , A.D.M. Karunaratne and 
S. Pathmarajah. 2 9 

R e g u l a t i o n o f s h a l l o w g r o u n d w a t e r r e s o u r c e s in h a r d r o c k a r e a s o f 
Sr i L a n k a , Shanthi de Silva. 4 2 

I n t e g r a t e d m a n a g e m e n t o f s u r f a c e a n d g r o u n d w a t e r r e s o u r c e s in 

T a n k c a s c a d e s y s t e m s , P.B. Dharmasena. 53 

R e g i o n a l g r o u n d w a t e r m o d e l i n g , D.C.H. Senarath. 6 6 

W a t e r q u a l i t y o f a g r o - w e l l s in t h e A n u r a d h a p u r a d i s t r i c t , A.P.G.R.L. 
Perera, D.V.K. Wijekoon, A.A.A.K.K. Seneviratne 74 

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

T r i n c o m a l e e d i s t r i c t , C.R. Panabokke, S.R.K. Pathirana and 
Deepthi Wejekoon. 85 

W a t e r q u a l i t y o f a g r o - w e l l s in t h e c o a s t a l a r e a o f t h e B a t t i c a l o a 

D i s t r i c t , P. Jeyakumar, P. Premanantharajah, and S. Mahendran. 9 9 

A g r o - w e l l a n d p u m p in i r r i g a t i o n s c h e m e s in t h e d r y z o n e 

o f Sr i L a n k a : p a s t d i f f u s i o n , p r e s e n t s t a t u s a n d fu tu re p r o s p e c t s , 

M. Kikuchi, P. Weligamagae, R. Barker, M. Samad, H. Kono and 
H.M. Somarathna. 108 

S o c i o - e c o n o m i c i s s u e s p e r t i n e n t to a g r o - w e l l f a r m i n g in Sr i L a n k a , 

MM.M. Aheeyar and R. de. S. Ariyabandu 119 

Published by the Agricul ture Engineer ing Society o f Sri Lanka ( A E S L ) . Depar tment of Agricul tural 
Engineer ing, Faculty of Agricul ture , Universi ty of Peradeniya, Sri Lanka (2003) 
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A p p e n d i x 4 

The Gyben - Herzberg Theory 

A r o u n d 100 y e a r s a g o t w o i n v e s t i g a t o r s B . W . G y b e n o f H o l l a n d a n d B . H e r z b e r g o f G e r m a n y , 

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

n o t a t s e a l eve l b u t a t a d e p t h b e l o w s e a l eve l o f a b o u t fo r ty t i m e s t h e h e i g h t o f t h e f resh 

w a t e r a b o v e s e a l e v e l . 

A c c o r d i n g to t h i s t h e o r y - g e n e r a l l y k n o w n a s t h e G y b e n - H e r z b e r g t h e o r y - a h e a d o f 
fresh w a t e r e q u a l t o t fee t a b o v e s e a l eve l s h o u l d h a v e a d e p t h h h = 4 0 t fee t o f fresh w a t e r 
b e l o w it, a s s u m i n g t h a t t h e d e n s i t y o f s e a w a t e r is 1 .025 . If a w e l l a t t h i s p o i n t is d r a w n d o w n 
b y a d i s t a n c e e q u a l t o d feet t h e n t h e c o l u m n o f f resh w a t e r is r e d u c e d b y 4 0 d ft, b y t h e r i se 
l o c a l l y o f t h e sa l t w a t e r in t h e f o r m o f a ' c o n e o f i n f i l t r a t i o n ' ( T o l m a n , 1 9 3 7 ) . 2 f d = t t h e n 
t h e fresh w a t e r c o l u m n e q u a l s O ft. a n d t h e h e i g h t o f t h e c o n e o f i n f i l t r a t i o n s w o u l d r i se t o 
m e a n s e a leve l a s s h o w n b e l o w in F i g u r e 5 , S i r i m a n n e ( 1 9 5 2 ) . 

F igure Deve lopment o f t h e cone of sa l t -water intrusion (after Sirimanne, 1952) (2) by Overpumping 
of the f resh-water Lens ; FW- rest ing on salt water ; S W - in pe rmeab le sandy formation. 
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A p p e n d i x 5 

C. R. Panabokke 

Characterization and Monitoring ofthe Regolith Aquifer within Four Selected 
Cascades (Sub-watersheds) ofthe Malala Oya Basin (MOB) 

U p to n o w n o s t u d y h a d b e e n c a r r i e d o u t o r r e p o r t e d in th i s c o u n t r y o n t h e d y n a m i c n a t u r e o f 

t h e s h a l l o w r e g o l i t h a q u i f e r . 

T h e M a l a l a O y a b a s i n is l o c a t e d w i t h i n I W M I R u h u n a b a s i n s t u d y a r e a , a n d it is m a d e up 
o f 17 i n d i v i d u a l s u b - w a t e r s h e d s o r c a s c a d e s . T h e s t u d y a r e a i n c l u d e d f o u r o f t h e s e c a s c a d e s 
w h i c h a r e l o c a t e d w i t h i n t h e u p p e r s e g m e n t o f t h e M a l a l a O y a b a s i n . 

T h e c h i e f o b j e c t i v e s o f t h i s s t u d y w e r e to a) c h a r a c t e r i z e t h e m o d e o f o c c u r r e n c e o f t h e 
r e g o l i t h a q u i f e r w i t h i n t h e s t u d y a r e a , a n d b ) m o n i t o r a n d q u a n t i f y t h e p a t t e r n o f d e p l e t i o n a s 
w e l l a s t h e p a t t e r n o f r e p l e n i s h m e n t o f t h e a q u i f e r t h r o u g h t h e w e t a n d d r y s e a s o n s ; a n d c ) to 
u n d e r s t a n d t h e n a t u r e o f c h a n g e s in t h e c h e m i c a l q u a l i t y o f t h e a q u i f e r t h r o u g h t h e d r y a n d 
w e t s e a s o n s . 

T h e p r e s e n t l y f u n c t i o n i n g o p e n d u g w e l l s t ha t a r e p r e s e n t w i t h i n t h e s t u d y a r e a w e r e 
c h o s e n for m o n i t o r i n g t h e w a t e r t a b l e o f t h e r e g o l i t h a q u i f e r . A to ta l o f 2 5 s u c h d u g w e l l s 
w e r e s e l e c t e d for t h i s s t u d y . T h e s e d u g w e l l s a r e l o c a t e d w i t h i n t h e a r e a b o r d e r i n g t h e m a i n 
a x i s o f t h e n a t u r a l d r a i n a g e o f l a n d s c a p e a n d a r e s i t u a t e d j u s t b e l o w t h e s e e p a g e z o n e o f t h e 
s m a l l v i l l a g e t a n k s . 

T h e f ield s t u d i e s i n c l u d e d ( a ) w e e k l y m o n i t o r i n g o f t h e d e p t h o f w a t e r t a b l e o f t h e 2 5 d u g 
w e l l s , (b ) m o n t h l y s a m p l i n g o f t h e 2 5 d u g w e l l s for m e a s u r e m e n t o f e l e c t r i c a l c o n d u c t i v i t y 
E C , a n d c h e m i c a l a n a l y s i s in l a b o r a t o r y for N a , K, C a , M g , F, S O d a n d h a r d n e s s . 

R e s u l t s s h o w tha t t h e m a i n d e p l e t i o n in g r o u n d w a t e r l eve l l a k e s p l a c e f r o m M a y o n w a r d s 
w i t h t h e r a n g e o f d e p l e t i o n o f t h e g r o u n d w a t e r b e i n g b e t w e e n 3 . 0 t o 6 . 0 m b . g . l . a n d t a k e s 
p l a c e o v e r a 2 3 w e e k p e r i o d u p to O c t o b e r . T h e d e p t h to d e p l e t i o n i n c r e a s e s w i t h t h e m a c r o -
e l e v a t i o n o f t h e l a n d s c a p e , w i t h t h e w e l l s l o c a t e d in t h e h i g h e r a s p e c t s h a v i n g a d e p t h t o 
d e p l e t i o n o f b e t w e e n 6 to 8 m as c o m p a r e d w i t h 3 t o 4 m in t h e l o w e r a s p e c t s . 

In r e s p e c t o f t h e m o d e o f r e p l e n i s h m e n t it w a s o b s e r v e d tha t b y t h e e n d N o v e m b e r a 
m a j o r i t y o f t h e d u g w e l l s h a d r e a c h e d t h e i r m a x i m u m g r o u n d w a t e r l eve l e x c e p t four w e l l s 
w h i c h s h o w e d a s l o w e r r a t e o f r e p l e n i s h m e n t a n d r e a c h e d th i s m a x i m u m leve l o n l y b y t h e last 
w e e k o f D e c e m b e r . T h e s e l a t t e r f o u r w e l l s a r e s i t u a t e d fu r the r a w a y f r o m t h e m a i n d r a i n a g e 
v a l l e y , a n d a r e l o c a t e d in t h e u p p e r a s p e c t s o f t h e l a n d s c a p e . It is a l s o o b s e r v e d tha t a 
c u m u l a t i v e ra in fa l l o f 1 7 0 m m is n e e d e d to s a t u r a t e t h e so i l p r o f i l e , a n d tha t a r e s p o n s e o f t h e 
g r o u n d w a t e r c o m m e n c e s o n l y a f t e r t h i s a m o u n t o f r a in fa l l h a s b e e n r e c e i v e d . In s u m , it is 
o b s e r v e d tha t t h e m o d e o f r e p l e n i s h m e n t is v e r y s i m i l a r in r e l a t i o n t o t h e m a c r o - t o p o g r a p h y 
a n d rel ief , b u t t ha t s l i g h t v a r i a t i o n s c a n b e o b s e r v e d in r e l a t i o n to d i f f e r e n c e s in t h e m i c r o -
t o p o g r a p h y o f t h e rel ief . 

T h r e e b r o a d c a t e g o r i e s o f e l e c t r i c a l c o n d u c t i v i t y ( E C ) o f l o w , m e d i u m a n d h i g h w e r e 
r e c o g n i z e d o n t h e b a s i s o f t h e m o n i t o r e d v a l u e s for E C . D e s p i t e a d e c l i n e in g r o u n d w a t e r 
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l e v e l s t h r o u g h t h e d r y s e a s o n ( M a y to S e p t e m b e r ) n o c o r r e s p o n d i n g c h a n g e in E C c o u l d b e 

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

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

w a t e r o v e r t h e s ix m o n t h d r y p e r i o d . It is a l s o c l e a r l y e v i d e n t t h a t al l w e l l s l o c a t e d a l o n g t h e 

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

s a l t s w h i c h d r a i n i n t o t h e s e f ree d r a i n i n g s i t u a t i o n s . W e l l s t h a t s h o w a h i g h E C v a l u e a r e 

l o c a t e d at t h e b r e a k o f s l o p e in t h e l a n d s c a p e , a n d a l s o w h e r e t h e r e is an u n d e r l y i n g s u b ­

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

W e l l s t ha t h a v e a l o w f l u o r i d e c o n t e n t a r e f o u n d to b e l o c a t e d in p o s i t i o n s o f t h e l a n d s c a p e 

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

n a t u r a l c o n d i t i o n s is a l s o v e r y g o o d . W e l l s t ha t h a v e a m o d e r a t e f l u o r i d e c o n t e n t a r e f o u n d to 

b e l o c a t e d in p o s i t i o n s w h i c h a r e c l o s e t o t h e a x i s o f t h e m a i n d r a i n a g e s y s t e m w h e r e t h e r e is 

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

all l o c a t e d at i n t e r f l o w s i t e s in t h e l a n d s c a p e w h e r e t h e r e is i n s u f f i c i e n t f l u s h i n g o u t o f t h e 

w a t e r t a b l e . 

B o t h t h e c h l o r i d e c o n t e n t s a s w e l l a s t h e s e a s o n a l t r e n d s in c h l o r i d e c o n t e n t s f o l l o w t h e 

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

C . R . P a n a b o k k e 

B . R . A r i y a r a t n e 

A . A . A . K . K . S e n e v i r a t n e 

D e e p t h i W i j e k o o n 

F r a n c o i s M o l l e 
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Appendix 6 

C . R. P a n a b o k k e 

Select Publications/Reports available for reference at Water Resources Board 

Library 

WRB Title 
Reference No. 

R307 Geology for water supply: Presid.AddressCAASScc.D./Sirimanne.C.H.L. , 1952 

R325 The occurrence of groundwater in Ceylon: Groundwater syniposium;68-75p/ 
Sirimanne,C.H.L.,l955 

R305 S o m e aspects o f engineering g e o l o g y in Cey lon: Pres id .Addrcess C A A S 
Scc.D.I43-l75/Pattiarachchi,D.B., 1956 

R043 Geo logy and groundwater resources in North-West Cey lon / Department o f 
International Cooperation, 1967. 

R183 Ceylon geological survey: The investigation o f groundwater resources and 
suggested program of exploration/ Fernando, L.J.D., 1967 

R326 Groundwater Resources in the dry zone/Sirimanne,C.H.L. C A A S Symposium,68-
75p,l968. 

R087 G r o u n d w a t e r R e s o u r c e s o f the Jaffna P e n i n s u l a / B a l e n d r a n , V . S . , 
Sirimanne,C.H.L.and Arumugam, S.,28p,1968. 

R011 Geo logy and Groundwater resources in Vanathavillu area Puttalam/Irrigation 
Department, 1968. 

R146 Groundwater development in the dry zone of Ceylon/ Sirimanne, C.M.L., 1968. 

R206 Paper on under g r o u n d w a t e r re sources : S e m i n a r on the Internat ional 
hydrogeological decade/Wijesinghe, M.W.P., 1972. 

R086 Deve lopment o f groundwater and its exploration in the Jaffna Peninsula/ 

Arumugam, S.. 62p, 1970 

R226 Regional mineral resources development centre: Assessment o f groundwater 
potentials in the republic o f Sri Lanka/Golberg, G.F.A., 1974 

R328 Assessment of groundwater potentialities in the Sri Lanka: Advisory service 
reports HG/2/Golberg, GF.A., 1974. 

R331 Survey o f the Island water resources: Springs o f Sri Lanka; Vol. I/Arumugam, S. 
and Rathnatunga, P.U.; Water Resources Board, 1974. 

R040 Trial geophysical surveys for groundwater resources in the north west dry zone 

of Sri Lanka/Collar. F.A. andGreenwood,P.G, 1976. 

R101 The problem of ground water quality management in Jaffna/ Foster, S.S.D., 1976. 

R147 Geophysical surveys in the north west dry zone, Sri Lanka/ Andrew.E.M and 
Carruthers,R.,1980. 

R286 Hambantota integrated rural development project: Groundwater investigation 
program, Progress report; Water Resources Board, 1980 



Groundwater Conditions in Sri Lanka 137 

R001 - Nor th-West Land and Water Resources Deve lopmen t Project: T h e Groundwa te r 
Resources o f t h e Mulankavi l Vellanakulam Area, 1981 

RQ45 S t a b l e I s o t o p e A n a l y s i s for the n o r t h - w e s t d r y z o n e p ro j ec t , Sr i L a n k a / 
Darling, W.G and B a t h , A . R , 1981. 

R095. Randenigala Project Mahaweli Ganga Development , Sys tem A: Feasibili ty study, 
hydrogeology, 1981. 

R012 Nor th-West Land and Water Resources Deve lopmen t Project: T h e Groundwa te r 

Resources o f the Vanathavil lu Basin, 1981. 

R0I5 An Interim Report on the hydrogeology of the Vanathavil lu Basin/ Lawrence,A.R. 

and Dharmagunawardane .H.A. , 1981. 

R051 Invest igat ions to augment the water supply to Ch i l aw town: Feasibi l i ty Report , 

1981. 

R048 Basic Data report of Wariyapola test wel l /S ingh,B.K. , 1982. 

R003 Nor th-West Land and Water Resources Deve lopmen t Project: T h e Groundwa te r 

Resources o f the Murunkan Area : Vol.1/ Davies ,A.R.and Se lvara thnam.R. , 1982. 

R025 Nor th West Land and Water Resources D e v e l o p m e n t Project: T h e Groundwa te r 

Resources of the Murunkan Area: Vol.11/ Davies , A.R.and Selvara thnam,R. , 1982. 

R004 North West Land and Water Resources Deve lopmen t Project: T h e G r o u n d w a t e r 

Resources o f the Murunkan Area: Vol.111 Davies ,A.R.and Se ivara thnam,R. 1982. 
R024 G r o u n d w a t e r invest igat ions for cemen t corpora t ion Put ta lam, 1982. 
R029 A deve lopmen t plan for g roundwate r p roduc t ion and irr igation supply facilities 

in Vanathavil lu/Wijesinghe, M.W.P.1982. 
R081 Locat ion and deve lopmen t o f a well sys tem in hard rocks for wate r suppl ies to 

Vavunia town: Drinking Water Suppl ies and Sani ta t ion Project , 1982. 
R096 Pre l iminary wate r resources s tudy a round Malwa tu O y a Basin , 1983. 
R037 Mannar Water Supply Project: Interim Report , 1983. 
RI32 Hydrogeology workshop on groundwater resources, 14-23 March, 1983: Summary 

o f w o r k s h o p findings, 1983. 
R059 G r o u n d w a t e r invest igat ions in Hamban to ta distr ict Z o n e II area: Pre l iminary 

Report, 1983. 
R135 Groundwater contaminat ion and case studies in Jaffna Peninsula, Sri 

Lanka/Gunasekaram,T. , 1983. 
R199 Paper on development of groundwater resources in Sri Lanka/ Wijesekara, A . G N . , 

1983. 
R299 Hydrogeo log ica l m a p p i n g in North West Sri Lanka : 9 m a p s and 10 Vol. /Davies , 

A.R., 1983. 
R186 C o u n t r y repor t on the ava i lab i l i ty o f g r o u n d w a t e r r e sources in Sri Lanka / 

Wijesekara ,A.GN. , 1984. 
R140 C a s e s tudies on hydrogeologica l inves t iga t ions in hard rock for c o m m u n i t y 

water supplies in Sri Lanka. (1979-1983), Vol.I&II, 1984. 
R187 Paper on hydrogeological studies in the hard rock areas o f Sri Lanka / Wijesekara, 

A.GN. , 1984. 
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R!24 Seminar on environmental analysis and assessment February 29th to March 2nd 

1984: Paper on groundwater Pollution/Wijesckara, A.G.N, 1984. 

RI43 Investigations for groundwater: Divulegoda near Nikaweratiya in the Kurunegala 
district, 1984. 

R069 Groundwater study for domestic water supply under Uda Walawe scheme, 1984. 

R038 Groundwater investigations for community water supply source in Mannnr Island/ 
Rao , R a g h a v a , K .V. ,Mendi s ,D .P .J . .Perera , H . A . S . , A s o k a de S i l v a and 
Hemantha,S.G,1984 

RI93 Collcctorwell Development project, /Herbert, R. Murray, K.H. 1984. 

R218 Recent survey of groundwater availability/Basnayake, B.M.S.B. , 1984 

R219 Training workshop on water resources o f small islands 0 2 - 0 9 July, 1984 in FIJI: 

Paper on water resources in Sri Lanka/Wijesekara, A.G.N., 1984 

R297 The Geology of Sri Lanka/Cooray, P.G.: National Museum, 1984. 

R159 Report on a visit to Sri Lanka and Malaysia 31 "March-19 l h April, 1984/Hcrbert, 

R., Kay, R.L.F. and Carruthers. R., 1984. 

R046 Agro-Ecological revitalization o f a dry zone area in Sri Lanka: Geological and 
Hydrogeological characteristics o f Kelegama and Thorawewa areas/Wijesinghe, 
M.W.P., 1985 

R148 The heavy metal pollution o f the Kclani river in Sri Lanka/ Dissanayake, 
C.B.,Weerasooriya,S.V.R. and Senarathne,A.:Aqua No.02;79-85pp, l985 . 

R0I7 Groundwater Resources o f Puttalam District: Vol.1/ Basnayake, B .M.S.B. , 
Thiranagama, P. ,Tennakoon,TM.T.B and Ranasinghe, A. P., 1985. 

R022 Groundwater Resources of Puttalam District: Vol. i l /Basnayakc 

B.M.S.B.,Thiranagama, R.Tennakoon, T.M.T.B and Ranasinghe, A.P., 1985. 

R033 Groundwater explorations in Anuradhapura Dry Zone Agricultural Project/ 
Kodituwakku,K.A.W., 1985. 

R070 Moneragala water supply scheme feasibility report, 1985 

R126 Effective geophysical prospecting for location o f ground water resources: 20th 
WEDC Conference on affordable water supply and sanitation/Wijesekara, R.S., 
1985. 

R301 Evaluation report on water quality in Matale and Polonnaruwa Disiricts/Kamsax, 
Kruger: NWS&DB, 1985 

R330 Water resources of Sri Lanka/Wijesekara, A.G.N., 1985. 

R138 Groundwater potential in the sedimentary rocks o f Sri Lanka/ Basnayake. B.M.S.B., 
1986. 

R163 Prccambrian structure and chronology in the Highland scries of Sri Lanka/ 
Lawrence.A.R.and Jayasinghe, N.R., 1986. 

R007 Impact of Agriculture on Groundwater quality in Kalpitiya Sri Lanka: Implication 
for future development/Lawrence,A.R. and Kuruppuarachchi,D.S.R,I986. 

RI52 Mapping high fluoride content in groundwater in Sri Lanka/ Rao,Raghava and 
others,! 987. 

http://Vol.il/Basnayakc
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R006 Impact o f Agr icu l ture on G r o u n d w a t e r qual i ty on the Kalpi t iya Peninsula , Sri 
L a n k a : O u t l i n e o f R e s e a r c h P r o g r a m / L a w r e n c e , A . R . a n d 

Kuruppuarachchi ,D.S.P. ,1987. 

R060 T h e s tudy of the re la t ionship be tween well y ie lds and re levant hydrological 

p h e n o m e n a in crysta l l ine basement rocks in the Nor th Western dry zone o f Sri 
Lanka/Tennakoon,TM.T.B. ,1987. 

R324 T h e Hydro Geochemica l Atlas of Sri Lanka: N A R E S A ; 106p/ Dissanayake ,C .B. 
and Weerasooriya,S.V.,1987. 

R181 R e v i e w of the pol lut ion threat to g r o u n d w a t e r in Sri Lanka : Journa l o f the 
Geologica l Society in Sri Lanka/ Lawrence , A.R. and Others , 1988 

R181 T h e hyd rogeo logy o f t h e Miocene sed imenta ry belt o f Sri Lanka : Journal o f t h e 

Geological Society in Sri Lanka/ Davies,J and R.Herbert , 1988 
R18I Hydrogeology of a metamorphic terrain in Hambantota : Journal o f the Geological 

Society in Sri Lanka/ Kulatunga, N., 1988 
R3I2 Use o f r emote sens ing me thods for es t imat ing the g roundwa te r potent ial of Sri 

Lanka : Journal o f the Geologica l Socie ty o f Sri Lanka , I; 9 3 - 9 8 p p / Fernando , 
A.D.N., 1988. 

R170 Back to Office Report on a visit to India and Sri Lanka / Lawrence , A.R. , 1989 
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GLOSSARY 

Alluvium 

Aquifer 

Aquifer, confined 

Aquifer system 

Aquitard 

Barrier bar, beach 

Bore-hole 

Conceptual model 

Cone of depression 

Conjunctive use 

Contaminant 

Drawdown 
Dune 
Estuary 
Ferruginous 

Flood plain 

Fluvial 

Geomorphology 

Gravel 

Groundwater 

Groundwater body 
Groundwater, 
intensive use 
Groundwater, 
overexploitation 

Mud, silt, and sand brought down by a river and depos i ted on the 
surrounding plain during periods o f flood. 
A formation saturated with water from which groundwater can be pumped 
or drained, obtaining flows of local importance. 
An aquifer bounded above and below by confining beds and in which the 
static head is above the top of the aquifer. 
A format ion that c o n t a i n s aqui fers and a q u i t a r d s . and b e h a v e s 
hydrogeologically as a unit. 
A formation saturated with water, unable to yield groundwater flows o f 
local importance. 
Elongate sand ridge rising sl ightly above high-tide level , extending 
generally parallel to the coast and separated from it by a lagoon. 
Any mechanical drill ; generally it includes the casing and some kind of 
screen. 
A simplified representation of the hydrogeologic setting and the response 
o f t h e f low system to stress. 
A depression in groundwater levels around a well or group of wells in 
response to groundwater withdrawal. 
The variable use o f different sources o f water to try to optimize some 
funct ion , such as ava i lab le f low. G e n e r a l l y i n c l u d e s surface and 
groundwater sources. 
Substance, including any radiological material, that is potentially hazardous 
to human health or the environment and is present in the environment. 
Vertical distance the static head is lowered due to the removal of water. 
A mound or ridge of blown sand, commonly crescentic or linear in shape. 
The portion of a river or stream which is influenced by the tides of the sea. 
Containing a large proportion o f iron c o m p o u n d s ; generally rusty 
coloured. 
The flat portion of a river valley adjacent to the river channel that has been 
built up by sediments laid down by intermittent floods. 
O f or pertaining to rivers. 
The study o f t h e character, origin, and evolution o f the surface features 
o f the earth. 
Loose, detrital material, composed chiefly o f small, rounded pebbles mixed 
with sand and clay. 
Any water existing below the ground surface. The term is generally 
restricted to water in the saturated zone. 
(See aquifer system). This is a new term introduced by the European 
Union Water Framework Directive. 
Groundwater development that has a significant impact on the hydrological 

cycle. 
a) (Strict) abstraction is assumed to exceed recharge 
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Infi l t rat ion 
In t rus ion 
Kabook 
Later i te 

Li t toral 
Obse rva t ion well 
Penepla in 

Pe rched w a t e r t ab les 

Perco la t ion 
Pe rmeab i l i ty 

P i e z o m e t e r 

Plateau 

P l e i s t ocene 

Poros i ty 

P r e c a m b r i a n 
Q u a r t z i t e 

Q u a t e r n a r y 

C. R. Panabokke 

The height above a standard datum o f the surface o f a column of water 
that can be supported by the static pressure at a given point. 
One ofthe main Precambrian units o f Sri Lanka ; made up of metasediments 
and chamockit ic gneisses and metamorphosed under granulite facies 
condit ions. 
The science that relates to the water o f the earth. 
The geo logy of underground water supplies. 
A term used to describe the rate (distance travelled per unit o f time) water 
wil l m o v e through soil or a saturated g e o l o g i c formation. T h e rate 
groundwater travels is controlled by the type o f material comprising and 
aquifer, the porosity o f t h e material, the slope the water table, and the 
degree to which existing pores are interconnected. 
The penetration of surface water into the ground through the land surface. 
The encroachment o f a different kind of water into an aquifer. 
(See Laterite) 

A reddish weathering product of many rock types in wet tropical regions, 
resulting from the leaching out of silica, alkali and alkaline earths and the 
concentration o f hydrated oxides of iron and aluminium ; hardens on 
exposure to air. Known in Sri Lanka as Cabook. 
Belonging to the shore, between tide marks. 

A well open to all or part of an aquifer, and used to make measurements. 
A nearly flat surface of country produced by long periods o f subaerial 
erosion ;'almost a plain'. 
Occur when a low permeability material, located above the water table, 
blocks or intercepts the downward flow of water from the land surface. 
Water mounds up over the impermeable material creating a water table. 
The flow of water through the unsaturated zone. 

A property of porous soils indicating how rapidly water will be transmitted 
through soi l s toward the groundwater; sand and gravel have high 
permeabilities while clay has low permeability. 
A device constructed and sealed as to measure head at a point in the 
subsurface. 
An elevated area o f comparatively flat land usually bounded by abrupt 
s lopes . 
The earlier of the two epochs comprising the Quartcrnary Period ; from 
about 1 million years age. 
The percentage o f the formation that consists o f open spaces or voids 
that could contain air or water. Porosity determines the amount of water 
that can be stored in a saturated zone. 
all rocks formed before Cambrian time and found be low rocks o f that age. 
A metamorphosed sandstone consisting of an interlocking mosaic of quartz 
crystals. 
The youngest half o f the Cainozoic Era, including all deposits form the 
end of the Tertiary (that is, the Pliocene) to the present day. Made up o f 
Pleistocene and Recent. 

H e a d , s tat ic 

H i g h l a n d Ser ies 

Hydrology 
Hydrogeology 
Hydraul ic Conduct iv i ty 



Groundwater Conditions in Sri Lanka 145 

Raised beach 

Recent 
R e c h a r g e 

Safe yield 
S a t u r a t e d zone 
Sil t 
Stat ic w a t e r level 

Sus ta inab i l i t y 

Tectonic 

T e r r a c e 

U neon fined aquifer 

Unsa tu r a t ed zone 

V a d o s e z o n e 
Ves icu la r t e x t u r e 

Vijayan Complex 
( o f S r i L a n k a ) 

W a t e r r e s o u r c e s 

W a t c r t a b l e 

Well 

Yield, m a x i m u m sus ta ined 

Yield, pe r enn i a l 

Yield, safe 

An old beach occur r ing above and separa ted from the present beach, due 
to a rise of the land or to a fall in mean sea level . 
The last 10,000 years after the Pleistocene. 
The process o f in t roducing wate r into a g roundwa te r body. 
a) Natural : Produced natural ly as a result of rainfall , s t reamflow, 

snowmel t . 
b) Artificial: Produced by the direct in tervent ion o f man . 
(See yield, safe) 

Part of g round in which the pores and fissures conta in only water. 
Mater ia l of which the average grain size lies be tween sand and clay. 
T h e wate r level in a well located in an unconf ined aquifer when the p u m p 
is not opera t ing and no water has been discharged from the well for several 
d a y s . 

Abil i ty to meet the needs of the present genera t ions wi thou t 
c o m p r o m i s i n g the abi l i ty o f future g e n e r a t i o n s to mee t their needs . 
(Brun t land ' s report definit ion) 
St ructura l , be long ing to the s tructure o f t h e ea r th ' s crust . 
A horizontal or gent ly inclined bench- l ike s tep , often long and narrow, 

bounded by steep s lopes or esca rpments . 
An aquifer that has a water table. The upper water surface o f an unconfined 
aquifer is called the wate r table. 

Part of g round be low land surface in which the pore and fissures contain 
air and water. 
(See unsatura ted zone) 
Conta in ing many small cavities, general ly formed by expansion or bubbles 
of gas or s team trapped in a rock during solidification; c o m m o n in volcanic 
rocks. 
A he te rogeneous g roup of gneisses , migmat i t e s , and grani tes with 
scattered metasedimentary bands , thought to have resulted from the further 
m e t a m o r p h i s m of the Highland Scr ies and therefore to have formed at a 
later s tage than the latter. Rocks o f the Vijayan C o m p l e x outcrop on either 
s ide of the Highland Ser ies . 

v o l u m e of water that can be used dur ing a g iven t ime from a given vo lume 
o f terrain or wate r body. 

T h e upper limit o f the saturated zone w h e r e pore wa te r pressure equals 
a tmospher ic pressure . 
A n y vertical hole in the ground prepared to a l low g roundwa te r 
abs t rac t ion . 

The maximum rate at which water can be drawn perennially from a particular 
sou rce . 
The flow o f wate r that can be abst racted from a given aquifer without 
p roduc ing an undesired result . 
Water that can be abstracted from an aquifer permanent ly without producing 
an inbalance. 
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Abstraction, 20, 21. 72. 81, 83, 93, 120, 121. 122. 
123, 131. 140. 143. 145 

Abstraction raies.72, 81, 123. 131 
Agro-wells, 78. 79, 80. 81, 82, 83, 91. 122. 123. 123, 

125, 126, 130. 132, 141 
Alluvial aquifers. 57. 99, 100, 101. 102 
Alluvial plain, 102, 103 
Alluvium. 24, 43. 44, 57, 99, 100, 102, !05. 143 
Anthropogenic pollution, 120 
Anuradhapura, 20, 25, 46, 79. 82. 83, 84. 116, 122, 

123, 125. 126, 132, 138. 140, 
Aquifer, 19. 43. 45, 49. 61. 69. 100. 90. 145 
Artesian, 57, 68. 69. 72, 99, 101. 128 

Barrier beach, 91 
Basement crystalline rocks. 20 
Basement rock, 45. 52, 54, 55, 67. 68, 77. 78, 83. 91, 

109, 120, 139. 
Beach fringed. 56 
Beach plain. 56, 93, 94 
Beaches. 45. 55, 56. 89. 90, 96 
Bed of gravcls.101 
Bedrock. 52. 53. 54, 56. 58, 76. 79. 83. 100, 101. 122, 
Bubulas. 113 

Cabook. 45, 58, 105. 106. 144 
Carcinogenic substances, 39 
Cascades, 80, 81, 82, 83. 122, 123. 134 
Chemical quality of groundwater, 24. 25 
Chlorides, 25. 92, 117 
Coastal plain, 30, 44. 45. 50, 57, 67, 90. 96 
Coastal sand aquifers, 55. 87. 88. 96. 121, 124, 125 
Coastal sands, 20. 24, 45, 87. 90. 92 
Coastal Spit, 45, 87 
Coastline. 56. 90. 94 
Collector wells. 38 
Confined aquifers. 30, 50, 51. 68. 69. 96, 107, 12! 
Coning, 56 
Contamination, 25. 83. 119. 121, 137 
Corrallinc limestones, 63 
Crystalline basement, 34. 39. 52. 71, 77 
Cultivation. 67, 121. 122, 124 
Cyclic path, 125 

Darcy'a Law, 22 
Databases. 33. 129 
Dcduru Oya, 57, 99, 100 
Deep fracture zone aquifer, 53. 54, 55. 78 
Deeper bore wells, 20, 53 
Deeper fracture, 52 
Degree of recharge, 79. 81 
Depth of bore, 54, 55. 78 

Depth of water columns, 122 
Diversified alluvial land forms, 57, 99 
Divining rod. 26 
Dry season, 58, 76, 73, 81, 82, 86, 91, 102. 108. 110, 

113, 115, 122, 123. 124, 125. 134, 38 
Dry zone. 20, 25. 29. 32, 35, 37, 44. 45, 52. 56, 57, 58 
Dune water, 0, 85 
Dynamics , 19, 77, 78, 121 

Electrical conductivity. 39, 72, 73, 87. 91. 92. 134 
Electrical rcsistivcly methods, 56 
Elevation, 71. 86, 115. 134 
Excessive abstraction, 120, 121, 122 
Exploitation. 29. 30. 31, 33. 34. 38, 62, 66. 72, 77. 

82, 91, 95, 119. 121, 122. 123. 126. 130, 
131. 132, 136 

Extraction, 122 
Extraction rate, I 19 

Fosilliferous limestone, 70 
Fissures, 20, 23. 41. 49. 52, 54. 61. 75. 83. I 16, 1 18. 

78. 145 
Flat alluvial plain, 102. 103 
Fluorides. 24. 25. 39. 40, 83, 135. 139 
Fracture zone, 2. 53, 54, 55. 77, 78. 79. 81. 85 
Fractured. 23, 37, 39. 52, 54. 77, 79 
Freshwater lenses. 64 

Geological Survey Department, 29, 127 
Geology. 25. 29. 30, 32, 36. 40. 52. 56, 61.62. 63, 66. 

84, 97, 104, 108 
Geomorphic setting, 43 
Groundwater basins. 50, 69 
Groundwater management, 119, 120, 141 
Groundwater table drawdown, 119 
Gyben-Herzberg lens of fresh water, 56 
Gybcn-Herzbcrg, 56. 64, 133 

Hand-dug wells, 79, 83 
Hard rock. 25, 30. 38, 45. 46. 51. 52. 54, 55. 69. 75. 

76. 77. 78. 79. 109, 120, 121, 125. 126. 130. 
132, 138, 140. 141 

Hard rock. 30, 45. 46, 52 
Hard rock areas, 25. 30, 52, 55, 77, 84, 125. 130, 

132, 138, 141 
Highly karstic. 50, 69, 70 
Hoi springs. 113, 116, 1 17 
Hydraulic, 21, 22, 39, 79. 81. 110. 123 
Hydraulic conductivity. 22, 81. 123. 144 
Hydraulic properties. 21 
Hydrogeological map, 44 
Hydrogeological map of Sri Lanka, 36 
Hydrogeological reconnaissance maps, 38 
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Igneous and metamorphic rocks, 23 
Industrial pollutions. 120 
Investigations, 32, 69, 71. 7. 91. 93, 104, 107. 108 
Iron. 24. 25. 84. 83, 92. 144. 143. 
Irreversible deterioration, 121 
Irrigation. 30. 32, 40, 44. 65, 67, 70, 73. 83. 84, 87. 

102. 120. 124. 125,127. 130, 131. 136. 137. 
139. 140, I4 t . 

Jafrna peninsula. 30. 49, 50. 52, 61. 62. 63. 64, 65, 
87, 116 

Joints. 20. 23. 49. 54, 75. 78, 83. 116, 118 

Kalpitiya aquifer. 87. 89. 90. 125 
Kalpitiya peninsula. 56, 87, 95, 124, 139 
Karstic aquifer. 30, 45, 49 
Kcloni Ganga. 43, 57, 99. 100 
Kirama Oya. 99. 100. 101 
Kirindi Oya. 57 

Lagoon. 49, 57, 85, 86. 90, 96. 125. 143. 
Landform. 43. 56, 105. 109. 110, l i t 
Landscape, 43, 44, 46, 48, 55, 58, 59, 61, 77, 79, 83, 

105, 107, 108, 109, 110, I I I . 134. 135. 
Larger river systems. 101 
Laterite. 5. 44. 45, 58. 59. 105. 106. 107. 144 
Laterite (cabook). 58. 105, 106 
Laterite formation. 58. 105 
Lift irrigation, 122 
Lineaments, 54. 55. 78, 79 
Low-cost dcflouridalion method, 40 

Maha rainfall, 32, 56. 72. 87. 102, 1)6, 117, 118, 
124. 125 

Mahawcli Ganga. 57. 100. 137 
Main aquifer types. 44 
Malabar coast type, 58 
Malwatu Oya, 57. 132. 141 
Manganese, 24. 25, 84 
Mannar sandstone formation, 63. 67. 68, 69 
Meso - catchment, 80 
Metamorphic rock, 23. 54. 77. 78. 83. 122 
Metamorphic terrain. 33. 77, 138. 139 
Mi Oya , 57. 99, 100, 101 
Miocene. 38.44, 45. 49. 50, 51. 55, 56. 63. 67. 69, 

73, 87. 100, 107, 128. 139. 
Monitoring programme. 125 
Monsoon, 56. 59, 63, 64, 90. 109 
Moongil Aru formation, 67, 96, 70 
Mutankavil basin, 50. 71. 72 
Multiple sand barriers. 56 
Murunkan basin. 50. 70. 71, 72 

Narrow valleys. 109. 111 
Nitrate. 25. 39, 65, 87, 99, 120, 124 
Nitrate concentration, 95. 124 
Nitrates in the groundwater in Sri Lanka, 32, 39 
Nomographs, 82, 123 

Old (prior) beach plain, 92 
Old coastal plain. 57 
Open dug wells, 46. 111. 122. 134 
Optimum number of agro-wells. 82, 123 
Over- exploration 122 
Palavi aquifer, 72 
Pallid zone, 106 
Perennial. 113, 115, 116 
Permeability, 21. 22, 23. 53. 58, 83, 105, 144 
Permeability of the rock, 21 
Phreatic. 87, I 10, 111. 120 
Phreatic water. 110, 111 
Pihitas. 115 
Pit-latrine soakaways, 39 
Pleistocene age. 56 
Pocket beaches, 56 
Policy guidelines for groundwater use and extraction. 37 
Pollution, 25, 31. 32. 39. 55. 65, 81. 97, 108. 119, 
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Porosity. 20. 21. 23, 24. 39, 52. 58. 61, 101, 106. 144 
Prccambrian Basement. 63. 69, 70 
Primary porosity. 24, 52. 61 
Pumping icsts. 32, 61, 71 
Puilur well, 65 
Quality. 112, 117, 119. 120, 121, 124, 125. 126 
quality and quality of the, 125 
Quality of groundwater, 122, 124 
Quaternary sedimentary formations. 50 
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Groundwater is one of Sr i Lanka's most precious natural 
resources. When compared with surface water, groundwater is 
a hidden resource, which is more reliable and also less subject 
to the type of year-round variation a s in the case with surface 
streams and rivers. Groundwater however, is yet insufficiently 
understood; irrationally exploited and inadequately protected. 
The fear is that scientific ignorance may lead to its over-
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In writing this book, the author has adopted a geomorphic 
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island. Chapters 2- 9 cover the geomorphic setting of the six 
main types of groundwater aquifers that have been identified in 
Sri Lanka, their geographic spread across the country and their 
main properties and present utilization, including potential 
threats. The final Chapter addresses contemporary issues on 
sustainable use of groundwater in Sri Lanka. 
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Provincial, Private and Non-Governmental agencies to build an 
effective "scientific foundation for policies governing the 
management and protection of our groundwater resources. 
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