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Abstract

Soil contamination with contaminants in general and industrial
pollutants in particular is one of the important issues in soil mechanics
and extremely important, as it is considered one of the complex problems
facing researchers in the field of civil engineering. The most important
criterion in these matters is the control of the flow of water and pollutants
through the structure of saturated-unsaturated soils.

In this study, the Geo-Studio program was adopted to conduct the
analytical study, and it is a geotechnical program based on the finite
element method. The effect of using vertical barriers to control the
movement of contaminants, as well as obstructing and prolonging the
path of transmission of these contaminants in the soil, was studied in a
theoretical manner. The study was conducted based on two types of soil
(S1: Silty clay) and (S2: Silty sand) with different properties, assuming
that the soil consists of one homogeneous layer. The leakage of
contaminants through the soil was represented based on the SEEP/W
fraction first, while the CTRAN/W portion was used to analyze the
transport of contaminants through the soil and determine contaminant
concentrations.

The analysis was carried out using the two parts of the program
(SEEP/ W and CTRAN/W), and the variables dependent on the input for
the SEEP/W part were: hydraulic conductivity function, volumetric water
content function (), -~~~ ratio, assuming steady-state flow in two-
dimensional homogeneous porous media. As for the CTRAN/W part, it
was based on the partial differential equation (PDE), which is called the
advection-dispersion equation.

This study concluded that vertical barriers can be used as a mean
curing the transmission of contaminants through the soil, as they can be
installed using various techniques. These barriers are one of the economic
means used to protect the soil and control the movement of polluted
(contaminant) water in it. The results showed that the soil type and the
value of the permeability coefficient have a great effect in determining
the path of movement of contaminant particles in the soil.

The results also showed an increase in the percentage of reduction
in contaminant concentration with an increase in the length of the
vertical barrier in the case of single vertical barriers, and with an increase
in: the lengths of the double vertical barriers, and this increase seems
more important when the depth of penetration of the first vertical barrier
is greater than the depth of penetration of the second vertical barrier
(di>d>), the distance between the double vertical barriers in the case of
double vertical barriers ; It is noticed that the percentage of reduction in
contaminant concentration increases from (15.36%-51.77%) and



(19.11%-52.67%) for soil types (S1) and (S2) when the distance between
them is increased from (5m) to (15m) for vertical barriers of lengths
(di=20m, d>=10m).

Also, the increase in the lengths of the triple vertical barriers had a
clear effect on the reduction rate so as the percentage of reduction in
contaminant concentration increased from (37.44%-71.17%) and
(39.69%-71.90%) for soil types (Si) and (S2) respectively when the
lengths of these barriers were increased from (Li=L,=L3;=10m) to
(L1=L>=L=20m).

The results of the study also showed that the optimal lengths of the
vertical barriers and their distance from the source of pollution can be
estimated within half to two-thirds of the thickness of the layer to be
treated if single vertical barriers are used, with an attempt to achieve a
balance between the value of soil permeability and the length of the
vertical barrier used and giving priority to the economic factor when
determining length and type of vertical barrier.

The study also showed that the use of double vertical barriers
would significantly reduce the concentration of pollutants in the
downstream region. This control is more important when the depth of
penetration of the first vertical barrier is greater than the depth of
penetration of the second vertical barrier (di>dy).

A modeling of Al-Mishraq sulfur mine has been done based on the
same program to achieve two main aims: The first 1s to shed light on the
contaminant that occurred as a result of sulfur extraction in the third
region soil from the general establishment for Al-Mishraq sulfur and what
these contaminants reach the Tigris River without treatment. The second
is the knowledge of the change in contaminant concentration after
carrying out the treatments.

The non-homogeneity (heterogeneity) of the site’s soil had a
significant 1mpact on the movement of water and contaminants.
Therefore, the nature of the distribution of soil layers in the site gives the
first perception in determining the lengths of the vertical barriers and
their distance from the source of contaminant.

The obtained results were compared with the results of previous
studies conducted on the region to verify the reliability of the
mathematical model used in the representation. The results proved to be
consistent with many similar studies and useful in evaluating many
variable parameters. The results obtained in the study showed that the use
of vertical barriers was highly efficient in protecting the soil of the area
when it was placed at a distance of (X<100m) from the source of
contaminant and at lengths ranging between (L=180-200m).



