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A Study on the Transport of Soil Contaminant
(A Development of FDM Model for 3-D Advection—Diffusion Equation with Decay Term)

Abstract

To simulate the transport of pollutant, a numeric model for the advection-diffusion equation with the
decay term is developed. This is finite-difference model using the implicit method (with the weight factor
a) and Gauss—-Seidel SOR(successive over-relaxation). This model is compared to the analytical solutions
(of simpler dimensional or boundary conditions), and in the condition of Peclet number < 5~20, the result
shows stable condition, and Crank-Nicolson method (o« =0.5) shows the more accurate results than
fully—implicit method (o« =1). The mass of advection, diffusion and decay is calculated and the error of
mass balance is less than 3%. This model can evaluate the 3-D concentrations of the advection—diffusion
and decay problems, but this model uses only the finite-difference method with the fixd grid system, so
it can be effectively used in the problems with small Peclet numbers like the pollutant transport in ground-
water.
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Table 1. Soil and Groundwater Model (Flow and Transport)

Name Content
ABCFEM two—-dimensional transient finite element flow and random walk transport
ASM two—-dimensional transient finite difference flow and transport
FTWORK three-dimensional transient finite difference flow and transport
MULAT three-dimensional steady-state finite element flow and transport
NETFLO three-dimensional steady-state flow in fracture networks
PLASM two—dimensional transient finite difference flow; IGWMC version
RADFLOW two-dimensional radial transient finite difference flow
SUTRA two—dimensional transient hybrid FE/FD flow and transport
TARGET series of two- and three-dimensional integral finite difference flow and transport models
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Time (day) 0 18 57 110
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@ boundary input advection (g) 0 330 1,160 2,275
(accumulated) diffusion  (g) 0 80 110 135
@ decay (accumulated) (g) 0 440 1,400 2,700
@ residual in the control volume (g) 5,000 4915 4,750 4534
® ratio (= [B+@)/[D+2]) 1 0.999 0.981 0.976
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Az=Ay=Az=1m; At=0.01~2 day (increasing time step)
convection velocity : U=0.1 m/day V=0, W=0
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