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ABSTRACT 

Dispe r s ion  of contaminants  i n  an a q u i f e r  depends upon t h e  d i r e c t i o n  and speed 

of advec t ion ,  t h e  v a r i a t i o n  of  d i s p e r s i o n  c o e f f i c i e n t  a long  t h e  l e n g t h  of a q u i f e r  

and t h e  boundary cond i t ions .  A system of  f i n i t e  a q u i f e r  w i t h  uniform flow f i e l d  

is  i n v e s t i g a t e d .  W e  have t aken  t h r e e  k inds  of  boundary c o n d i t i o n s  and a simple 

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

A n a l y t i c a l  expres s ions  f o r  t h e  responses  of  t h e s e  models have been de r ived .  These 

expres s ions  have been computed for d i f f e r e n t  va lues  o f  P e c l e t  number and t h e  

e f f e c t s  of  v a r i a b l e  d i s p e r s i o n  c o e f f i c i e n t  and d i f f e r e n t  boundary c o n d i t i o n s  on 

t h e  d i s t r i b u t i o n  of contaminants  a long  t h e  l e n g t h  of t h e  a q u i f e r  have been 

i l l u s t r a t e d  wi th  t h e  h e l p  of  graphs.  

INTRODUCTION 

F l u i d  flow h e l p s  t o  l o c a l i s e  contaminant c o n c e n t r a t i o n  i n  v a r i o u s  r eg ions  of  

an a q u i f e r .  Combined s t u d y  of f l u i d  f l o w  and d i f f u s i o n  i s  a t t r a c t i n g  cons ide rab le  

a t t e n t i o n  because of i t s  bea r ing  on t h e  w a t e r  q u a l i t y  i n v e s t i g a t i o n s  ( r e f s .  1 - 2 ) .  

These s t u d i e s  cons ide r  mainly kinematic  a s p e c t s  i gnor ing  t h e  o r i g i n  and maintenance 

of  t h e  f low f i e l d .  Though i d e a l l y  one should c o n s i d e r  t h e  dynamic problem 

determining bo th  v e l o c i t y  and c o n c e n t r a t i o n  f i e l d s  ( r e f s .  3 - 4 ) .  y e t  t h e  kinematic  

s t u d i e s  have been found t o  r e p r e s e n t  s i g n i f i c a n t  a s p e c t s  of  r e a l i t y .  For 

h i s t o r i c a l  development of  t h e  s u b j e c t  w e  r e f e r  t o  t h e  e x c e l l e n t  survey by Ogata 

( r e f .  5 ) .  

A l - N i a m i  and Rushton ( r e f .  1) have r e c e n t l y  p r e s e n t e d  t h e  s t e a d y  s t a t e  s o l u t i o n s  

of  d i f fus ion -advec t ion  equa t ion  f o r  two boundary c o n d i t i o n s .  The concen t r a t ion  

( C )  w a s  p r e s c r i b e d  a t  one end of  t h e  a q u i f e r  i n  bo th  cases whereas a t  t h e  o t h e r  
dC uC end C = 0 or f l u x  ( E D - dx 

c o e f f i c i e n t .  I t  i s  conceivable  t h a t  h e r e  t h e  t o t a l  f l u x ,  i n s t e a d ,  be z e r o  

( r e f .  6 ) .  F u r t h e r  as a q u i f e r s  are never homogeneous i n  r e a l i t y ,  t h i s  assumption 

made by A l - N i a m i  and Rushton ( r e f .  1) should a l s o  be r e l axed .  In  t h i s  paper  

= T , where u i s  average v e l o c i t y  and D, t h e  d i spe r s ion  
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c =o 
or 

D x  dC = U C/2 

or 
D d C = u C  

- u  - D ( X )  

x=o d r  

Fig. 1. Geometry of t h e  flow system. 

c ‘CO 

=L  

we present  some s teady state a n a l y t i c a l  so lu t ions  for  three  s e t s  of boundary con- 

d i t i o n s  and f o r  a simple form of v a r i a t i o n  of D. 

STEADY STATE MATHEMATICAL MODELLING 

The equation f o r  contaminant d i spers ion  i n  t h e  flow system ( f i g .  1) is  ( r e f .  1) 

d dC dC 
dx dx 

- d x ( D - ) - ~ -  = 0 

Here D = D f ( x )  and u = constant .  A t  x = L (contaminant source p o i n t ) ,  w e  take 
0 

c = c  ( 2 )  

A t  x = 0, i f  t h e  aqui fe r  j o i n s  a flowing f l u i d  with zero concentrat ion,  w e  take,  

c = o  (3)  

Another boundary condi t ion is t h a t  t h e  t o t a l  f l u x  i s  zero, i . e . ,  

dC 
dx D - - u C  = 0 ( 4 )  

A l - N i a m i  and Rushton ( r e f . 1 )  have taken another  form of the  boundary condition: 

Here.the t o t a l  f lux  i s  non-zero a t  x = 0.  The nature  of boundary condi t ions was 

a theme of a discussion between B e a r  ( r e f .  6 )  and A l - N i a m i  and Rushton ( r e f .  7 ) .  

The models defined by equat ions ( l) ,  ( 2 )  and ( 3 ) ;  (l), (2)  and ( 5 ) ;  and ( l) ,  ( 2 )  

and ( 4 )  a r e  denoted by m l ,  m2 and m3 respec t ive ly .  The so lu t ions  f o r  these  models 

a r e  

Cml = {g(O,z)  - 11 / {g(0,1)  - 11 (6) 

( 7 )  

(8) 

cm2 = { S ( O , Z )  + 11 / Ig(0,l) + 11 

cm3 = g(0,z) / g ( 0 , l )  

where z = x/L, Cml,m2,m3 = C/Co ( f o r  models m l ,  m2  and m3, r e s p e c t i v e l y ) ,  and 

W e  consider two types of v a r i a t i o n  of D. For D = D , a cons tan t ,  

(10) 
UL 

g ( a , b )  = exp {Pe(b-a)]  (Pe(= - ) is Pecle t  number) 
DO 

and f o r  exponent ia l  d i s t r i b u t i o n  (D=Do exp(qz) ;  q = cons tan t ) ,  
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Fig. 2. Distribution of contaminants for different values of Pe for D = D 0 

0 

Fig. 3. Distribution of contaminants for different values of Pe for D = D eXp(q2). 

g(a,b) = exp IPe(exp(-qa) - exp(-qb)) / q} (11) 

For determining the concentration fields for various boundary conditions, eqs. 

(10) and (11) are substituted in eqs. (6), (7) and (8). 



1010 

COMPUTATIONAL RESULTS AND CONCLUSIONS 

Figs. 2 and 3 show the distribution of contaminants for both the cases, for 

Peclet numbers .2,.5,1,5 and 10. The continuous lines, the broken lines, and the 

broken lines with dots are corresponding to the models ml, m2 and m3 respectively. 

Following conclusions are made from these results: 

1. For smaller values of Pe, the distributions differ considerably all along the 

length of the aquifer while for larger values it does not differ much. For 

high values of Pe, the distribution of contaminants decay vary fast from the 

source region and the profiles come very close for these different boundary con- 

di t i on s. 

2. For dispersivity decreasing away from the source, the distribution is signifi- 

cantly different than the homogeneous case. The dispersion extends upto larger 

distance than that in the homogeneous case. Table below gives the distances 

where C reduces to .1 C for various models. 

TABLE 

Distances between the source and the point where C = .1 C for various values of Pe. 

Pe ( L - x ) / L  
Homogeneous distribution Exponential distribution 

ml m2 m3 ml m2 m3 

10 
5 
1 
0.5 
0.2 

.225 .225 .225 .250 .250 .250 

.445 .465 ,455 .480 .510 -500 

.840 - *  - .a55 - - 

.a75 .880 - 

.a90 - - .goo - - 
- - - 
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* C ( X )  > .1c0 for 0 4 x < L 




