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Groundwater Flow Model for the Pollutant Transport in Subsurface Porous Media
Theory and Modeling

Abstract

This paper is on the modeling of two-dimensional groundwater flow, which is the first
step of the development of Dynamic System Model for groundwater flow and pollutant
transport in subsurface porous media. The particular features of the model are its ver-
satility and flexibility to deal with as many real-world problems as possible. Points as
well as distributed sources/sinks are included to represent recharges/pumping and rain-
fall infiltrations. All sources/sinks can be transient or steady state. Prescribed hydraulic
head on the Dirichlet boundaries and fluxes on Neumann or Cauchy boundaries can be
time-dependent or constant. Sources/sinks strength over each element and node, hydraulic
head at each Dirichlet boundary node and flux at each boundary segment can vary inde-
pendently of each other. Either completely confined or completely unconfined aquifers, or
partially confined and partially unconfined aquifers can be dealt with effectively. Discreti-
zation of a compound region with very irregular curved boundaries is made easy by including
both quadrilateral and triangular elements in the formulation. Large-field problems can
be solved efficiently by including a pointwise iterative solution strategy as an optional
alternative to the direct elimination solution methed for the matrix equation approximating
the partial differential equation of groundwater flow. The model also includes transient
flow through confining leaky aquifers lying above and/or below the aduifer of interest.
The model is verified against three simple cases to which analytical solutions are available.
The groundwater flow model shall be combined with the mode] of pollutant transport in
subsurface porous media. Then the combined model, with the applications of the Eigenvalue
technique and the Dynamic system theory, shall be improved to the Dynamic System Model
which can simulate the real groundwater flow and the pollutant transport accurately and
effectively for the analyses and predictions.
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