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ABSTRACT 

The aim of the study was the development of a groundwater-flow model for both fresh-/saline- and 
polluted-groundwater problems in a vertical profile. The model is a tool for the explanation and fore
casting of transport phenomena in porous media. 

The characteristics of the model PARTRAC are : 

- the pressure field is calculated with the finite element method; 
- quasi-steady; 
- solute transport simulated by particle tracking; 
- concentrations defined per element; 
- molecular diffusion and hydrodynamic dispersion simulated with the random walk method; 
- first-order decay; 
- linear adsorption; 
- density-dependent flow; 
- non-numerical dispersion; 
- interactive procedure for generation of an input-file with a mesh generator. 

In this model the velocity field, which is of great importance for transport phenomena through porous 
media, is defined in a new manner. 

The model was calibrated with various theoretical test-cases, like : 

- intrusion of salt sea-water under a dike with a sheet pile; 
- upconing below a well pumping above an interface between fresh and salt groundwater; 
- the problem of the initial vertical sharp interface between fresh and salt groundwater. 

Furthermore the model has been applied in a practical case. 

The possibilities of the PARTRAC-program will be discussed in this paper. 

1. INTRODUCTION 

The computer model described here has been 
developed at the Technical University of Delft as 
a final project for my Civil Engineering studies. 
The supervisors were professor Verruyt and 
professor Van Dam. The main object of the 
project was to develop a computer model for 
groundwater-quality problems. These problems 
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can be caused by contaminants and/or by high 
salt concentrations. 

The model is a tool for the explanation and fore
casting of transport phenomena in porous media. 
The application field is groundwater-quality 
problems on local and regional scale. 

Firstly I developed the model PARTRAC and after 
the calibration with some theoretical test-cases, I 
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used the model for a case-study in the field of 
pollution problems. Within the scope of this 
meeting I will mainly pay attention to applications 
of PARTRAC for problems of fresh and salt 
groundwater. 

The main characteristics of the model PARTRAC 
are : 

- vertical profile ( 2D) ; 
- the pressure field is calculated with the finite 

element method; 
quasi -steady; 

- solute transport simulated by particle tracking; 
- concentrations defined per element; 
- molecular diffusion and hydrodynamic dispersion 

simulated with the random walk method; 
- first-order decay; 
- linear adsorption; 
- density-dependent flow. 

2. GROUNDWATER FLOW 

2.1. Soil and fluid properties 

A soil type is d.efined by the following soil pro
perties : 

- intrinsic permeability; 
- anisotropy factor; 
- effective porosity. 

The fluid properties are described in terms of 

- dynamic viscosity; 
- density; 
- temperature. 

The temperature is only of interest for the other 
fluid properties; there is no heat conduction. 

2.2. Basic equations 
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3. TRANSPORT PHENOMENA 

3.1. Convection 

Starting from the basic equation for the ground
water flow the velocity field can be derived. In 
this model a great number of particles will be 
followed along their way through the model area. 
These so-called tracer particles represent a 
certain mass of solutes (salt or contaminants). If 
this number of particles was infinite, the actual 
situation could be approximated very accurately 
with this method. 

The main advantage of this method is that nume
rical dispersion will be avoided. A disadvantage 
is that long lists of figures will be necessary. 

3.2. Hydrodynamic dispersion 

Hydrodynamic dispersion is the spreading pheno
menon that causes the gradual spreading of a 
tracer so that it occupies an ever-increasing 
portion of the flow domain. Hydrodynamic dis
persion is used to denote the spreading resulting 
from both molecular diffusion and micro-disper
sion. Hydrodynamic dispersion is brought into 
the model with the random walk method. 
Macro-dispersion, caused by differences in hy
draulic conductivity of various layers, is taken 
into account by taking different values for the 
hydraulic conductivity of the elements. 

Apart from these two transport phenomena, there 
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are two other processes taken into account in the 
model, namely adsorption and decay. Although 
these processes are of little importance for salt 
water I will discuss them here briefly. 

3.3. Adsorption I desorption 

Adsorption is the mechanism that describes the 
retaining of solutes through the soil material. 
Desorption is just the opposite process. Through 
interaction of dissolved solutes in the ground
water and the soil material, solutes can be ad
sorbed by the soil material. In the model, linear 
adsorption is taken into account through the 
introduction of a retardation factor. 

3.4. Decay 

Dissolved solutes in groundwater can be subjected 
to decay because of 

- chemical reactions; 
- (micro-biologic) processes; 
- radioactive decay. 

The process of decay has a concentration redu
cing effect. In the model the process of decay is 
described as a first-order reaction. 

3.5. Basic equations 

The basic equation for the transport processes is 
as follows 
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program, the Turbo Graphix Toolbox is used for 
the graphical parts. 

The main program is built up of three parts : 

(1) calculation of the pressure-head distribution; 
(2) determination of the velocity field; 
(3) transport of solutes. 

4.1. Calculation of pressure-head 
distribution 

The model is based on the finite element method 
for solution of the pressure-head distribution. In 
the model the basic equations are solved with the 
conjugated gradients method. 

4.2. Calculation of the velocity field 

To obtain a good comprehension of transport of 
the solutes through the groundwater, a good 
determination of the velocity field is very impor
tant. For that reason a continuous-velocity field 
all over the model-area, based on the pressure
head distribution, is derived . For each node the 
groundwater flow from the possible four surroun
ding elements to that node is determined. This 
happens almost in the same way as the calculation 
of the pressure head, but now just for the pos
sible four surrounding elements and given pres
sure heads in the nodes. The additional compo
nent for the density-dependent flow is added. 
The resulting discharge is divided by the distan
ce across which the groundwater flows and thus 
the specific discharge will be obtained. Division 
by the effective porosity gives the velocities in 
x- and y-direction. 

1 
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4. MAIN PROGRAM 

The main program is called PARTRAC. 
program is written in Turbo Pascal and in the 

This 

With these velocities in x- and y-direction, the 
tracer particles are moved within the model area. 
After convective displacement of the particles and 
the calculation of the displacements through the 
other transport phenomena (hydrodynamic disper
sion, adsorption and decay), the new average 
densities of the elements are calculated. Then 
the entire process starts again with the calcula
tion of the pressure-head distribution. 
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5. INPUT 

Apart from the main program PARTRAC a special 
program, PARTRIN, has been developed to gene
rate input for the main program. This program 
is an interface between the user and the main 
system. The information to be specified is user
orientated. The input-program makes two input
files for the main program; one file with general 
information of the model area and another with 
information about the solutes. 

6. OUTPUT 

The program has two possibilities for the output : 
numerical and graphical. The user has to define 
at which time steps he requires output. 

The numerical output consists of : 

- the pressure head and the discharge at each 
node; 

- the velocities in x- and y-direction for each 
node; 

- the density and the concentrations of the 
solutes for each element. 

The graphical output has two possibilities 

- the mesh with the solutes; 
- the velocity field. 

Some samples of these output possibilities will be 
given in the next chapter. 

7. EXAMPLES 

The model was calibrated with some theoretical 
test-cases, like : 

- intrusion of salt sea-water under a dike with a 
sheet pile; 

- upconing below a well pumping above an inter
face between fresh and salt groundwater; 

- the problem of the initial vertical sharp in
terface between fresh and salt groundwater. 

Some of the results are shown in this chapter. 
Attention must be paid to the fact that the fi
gures are not drawn to scale; they are highly 
distorted. 

7 .1. Intrusion of salt sea-water under 
a dike with a sheet pile 

L.A.M. BESSELINK 

This problem concerns a dike with a sheet pile. 
On the left side is the sea, which has a higher 
water level than the fresh water on the right side 
(polder). Because of the difference in level, 
salt-water intrusion will take place. The model 
area is given in fig. 1. 

L = 100 rn. 

Figure 1. 

In the initial situation the model area is fresh, 
except for the upper row elements on the left 
side. These elements contain salt sea-water. 
The sheet pile is brought into the model by 
taking a column of very small elements with a 
very small hydraulic conductivity. 

Of course, in a normal situation, there is reple
nishment of salt water at the left top, but in this 
test-case only the way this saline-groundwater 
front moves in time is calculated. The results 
are shown in fig. 2. 

7 .2. Upconing below a well pumping above 
an interface between fresh and salt 
groundwater 

The problem concerns a homogeneous confined 
aquifer with a height of 37, 5 m. In this aquifer, 
at a height of 27,5 m above the impervious base, 
a drain is pumping at a constant rate of 10 
m3 /day per m'. 

In the initial situation the interface between fresh 
and salt groundwater is assumed to be horizontal, 
at a height of 10 m above the base. 

50 
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27,5 m. 

10 m. 

Figure 3. 
L = 800 m. 
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Presuppositions : 

- The aquifer is limited at both sides by a canal 
in which the height of the salt and fresh water 
is constant. 

- The distance of the left border to the right 
border is many times larger than the thickness 
of the aquifer. So a hydrostatic pressure 
distribution at the borders is allowed. 

Making use of the symmetry of the problem, the 
model area is given in fig. 3. 

7 .3. The initial vertical sharp interface 
between fresh and salt groundwater 
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This initial vertical sharp interface will rotate to 
the horizontal position because of density dif
ferences between the fresh and salt groundwater. 
The model area can be seen in fig. 5. 

The calculated position of the interface at some 
other time steps and the velocity field are given 
in fig. 6. 
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The discharge rate changes in time : 
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