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Introduction
Many basic studies have been con-
ducted to formulate the flow of fluids
and mass transport equation, of salt
pollutant in porous media. These stud-
ies have resulted in analytical solutions
to simple flow problems with simple
boundary conditions. Because of the
inadequate techniques in analytical
solutions and the advances I numerical
and computer technology, an interest
has arisen in developing a numerical
solution to describe the flow and dis-
persion processes in selective with-
drawal problems taking into account
density variation and the non-
homogeneity of an aquifer. The objec-
tives of the study are: 1) to develop a
numerical model describing the flow
and mass transport of salt pollutant
towards a pumped well in a density-
stratified non-homogeneous uncon-
fined aquifer, and 2) to provide the
needed guidelines for selective with-
drawal from such groundwater reser-
voirs to meet a desired water quality
constraints.

Materials and Methods
The study involved both analytical and
experimental works. Numerical equa-
tions governing the groundwater flow
and solute transport in an aquifer sys-
tem were analysed and solved, and
experiments to validate the numerical
solutions were carried out. The equa-
tions were solved by the finite element
method using the Galerkin technique.
A computer software, called SUTRA,
was employed to generate results for
various well depths and discharge
rates. The experimental works were
performed on a laboratory scale
groundwater system model with facili-
ties to monitor the hydraulics head at
several radial distances from the dis-
charging well and the saltwater con-
centration at several depths in the aqui-
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fer. The head and concentration were
monitored throughout the period of an
experimental run.

Results and Discussion
The results show that the numerical
solutions are comparable with the ex-
perimental observations with maximum
departures of about 10% for the pres-
sure head and 11% in the case of salt
concentration distributions. The salt-
water concentration at various loca-
tions in the aquifer when the shallower
well is used is lower than the concen-
tration due to a deeper well. In the case
of piezometric head profiles, abstrac-
tion using the shallower well resulted
in smaller drawdown, compared to the
deeper well. A smaller discharge rate
induced less saltwater into the aquifer.
However, with long period of abstrac-
tion the difference in the salt concen-
tration at various points tend to dimin-
ish. Although comparison of both so-
lutions had shown the consistency that
is needed for the purpose of modelling,
it is observed that all these discrepan-
cies need to be investigated further. In
this study, for the case of concentration
ratio distributions, it was apparent that
the values of the numerical solution
were greater than experimental solu-
tions, while for the case of pressure
head distributions; experimental solu-
tions always had higher values. In real-
ity, the situation may be different be-
cause solute reaction processes are
neither linear nor equilibrium con-
trolled, and the numerical model may
not necessarily represent the true com-
plexities of the reaction. Difficult
problems also arise when the concen-
tration of the solute of interest is
strongly dependent on the presence of
numerous other constituents that exist
in the porous media. Here, mineralogi-
cal variability may be significant and
may affect the rate and of reactions,
and yet be ignored in the mathematical

modelling instead. At the same time, in
many groundwater flow systems, sorp-
tion may also cause the retardation of
the movement of the contaminants.
Sorption refers to the uptake of the
dissolved constituents from solution by
the porous medium. These phenomena
may have caused the numerical values
of concentration distribution becoming
greater than experimental solutions in
this study. Larger movement of solute
experienced in the numerical modelling
also meant that higher velocity of
groundwater flow in the porous media,
and this could generate bigger draw-
down in water table.

Conclusions
The numerical solution was developed
for the hydraulic head and concentra-
tion distributions in two-dimensional
axi-symmetric flow towards a partially
penetrating well through an uncon-
fined, non-homogeneous and isotropic
aquifer. Comparisons between the nu-
merical results and those from experi-
mental tests indicate that the model can
accurately simulate the movement of
pollutant (saltwater) in the saturated
zone of a non-homogeneous uncon-
fined aquifer.

Benefits from the study
A numerical method to describe the
phenomenon of selective withdrawal of
groundwater. This will assist the users
in determining the rate and the duration
of groundwater withdrawal so as to
avoid the problem of saltwater intru-
sion
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