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A b s t r a c t - - S t o c h a s t i c  equations for the prediction of contaminant migration in porous media 
are considered by the use of the decomposition method. The results are easily generalized to the 
nonlinear case as well. Important applications of significance in the environmental sciences and 
engineering are beginning to appear in the literature, such as the forecasting of contaminant plume 
evolution in natural soils and aquifers after chemical spills, aquifer restoration, and groundwater 
pollution management. 
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DISCUSSION 

A general analytic approach is necessary for the prediction of time and space evolution of con- 
taminant  migration in porous media without the usual restrictive assumptions (linearization, 
perturbation,  and limitations on the stochastic processes). 

The paper will consider equations of the form: 

~tt (x, t, w) + A(x,  t, w)u = g(x, t, w), (x , t ,w) e G x [O,T] × e ,  

where g is a second-order stochastic process, G is subset of ~3 with boundary OG on (0 < T < ~ ) ,  
x represents three-dimensional space, A is an mth order random partial differential operator.  

The general three-dimensional stochastic advective-dispersive equation in porous media, given 
by Serrano [1], is 

Ou 
O--t + hu  = g, (1) 

where u = u(x, t, w), g = g(x, t, w), and A is a n  rrtth order random partial differential operator. 
We write  (1) as 

L u  = g - Au.  
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Using decomposition [2], we define L -1 as the definite integral from zero to t, with decompo- 
oO sition of u into ~,n=o un and identification of u0 as u(0); we have 

L - 1 L u  = L - l g  _ L -1Au ,  

u -  u(t  = O) = L - l g -  L -1Au ,  

u = u(t  = O) + L - l g -  L -1Au .  

oo 
Define uo = u(t  = O) + L - l g  and u = ~-~-n=o un, 

o o  

u = u0 - -  L - 1 A E  un, 
n = 0  

Ul = - L - 1 A u o ,  

u2 = - L - 1 A u l  = ( -L-1A)2u0 ,  

Un : -L-1Aun-1. 

We can then write the approximant  

where 

m - 2  m - 1  

Cm[Ul=uo-- E L-1Aun= E (-L-1h)nuO" 
n = 0  n= 0  

E X A M P L E  

0"-t = g - Au, 

0 2 0 
h = -D~-~x  2 + V~x x , 

u = u(t  = O) + L - l g ,  

ul = - L  -1 -D-~x  2 + -~x uo = L-1D~x2UO - L - i v  uo, 

(u) is found from (¢m[~]): 

(uo) = (u(t = 0)) + L - l ( g )  

depending on the given initial conditions 

or even 

or u(t  = 0)-[- L-11g), 

~2 
(Ul) = L-1O'~x2 (Uo) - L - l v O  (uo), 

0 2 0 
(ul) = L - I  (D)'~'~x2 (Uo) - n- l ( v ) -~x  (UO) 

if D, v are stochastic, g could be a general stochastic process• First- and second-order statistics 
can be found easily. Because of the fast convergence of the series, it is usually accurate to obtain 



Stochastic Contaminant Transport 55 

¢4[t] and ¢4[t'] and average to derive the correlation function (the errors are discussed in [3]). 
The results are easily generalized to three dimensions and, by assuming Gaussian behavior, to 
higher moments. Finally by using the Adomian polynomials [2], the results can be extended to 
nonlinear equations as well. 

With decomposition the usual restrictions, on which today's small perturbation transport the- 
ory is based, are not needed [4]. New foundations for a physically based theory of dispersion (i.e., 
one where the natural hydrology may be considered) are beginning to appear in the literature, 
along with promising results that reproduce the phenomenon of scale dependency in the transport 
parameters [5-9]. 
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