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Abstract.  This research explores the use of stochastic differential equations (SDE’s) to 
model multiphase flow in heterogeneous aquifers, specifically the flow of DNAPL’s in saturated 
soils. The approach given results in a nonlinear SDE describing the position of the non-wetting 
phase fluid particle. A fundamental assumption used in the model formulation is that the flow of 
fluid particles is described by a stochastic process and that the positions of the fluid particles 
over time are governed by the law of the process. The nonlinearity in the SDE arises because 
both the drift and diffusion coefficients depend on the volumetric fraction  of  the phase which, 
in turn, depends on the position of the particles. Darcy’s law and the continuity equation are then 
used to derive a Fokker-Planck equation from these expressions. The Ito calculus is then applied 
to derive a SDE for the non-wetting phase. Stochastic models like these are typically used to 
model dispersion processes. Such models, in their usual form, cannot represent multiphase 
barrier effects. These effects occur at the interface between adjacent materials with different 
permeabilities. The behavior of the plume at an interface depends on the pressure-saturation 
curves involved in forming the interface. In the model, the control of the flow of DNAPL 
particles across the interface is accomplished using a jump term which derives from the Ito 
formula. The jump term is based on capillary diffusivity and the pressure-saturation curves of the 
sands forming the interface. Computational examples are given. 
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