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1. Introduction

BTEX compounds are light hydrocarbons in the gasoline which have attracted attention due to their long-term
toxicity and deteriorating effects on the environment [1, 2]. In this study, the propagation of BTEX compounds in
unsaturated and saturated zones of soil was investigated by the finite element method. The propagation of different
components of BTEX was compared and the contributing factors on their propagation and transportation in water,
gas and oil phases were evaluated. The results showed that when the hydraulic conductivity of the soil is high, the
effect of physical properties of light hydrocarbon on extend of propagation is pronounced and the BTEX compounds
propagation depth is very sensitive to the van Genuchten’s coefficient of o. Comparing the extend of propagation of
BTEX compounds in different phases shows that the maximum propagation in the water and gas phases belongs to
benzene and in the oil phase belongs to ethyl-benzene. The results showed that the adopted theoretical model is
accurate enough to predict the propagation pattern of the light hydrocarbon contaminants in saturated and
unsaturated soils.

2. Verification of model

For the verification of generated model in MOFAT, tests performed by Van Geel and Sykes [3] were modeled.
The results obtained from the model were compared with the results presented by Van Geel and Sykes which were
obtained by image processing and also by their numerical modeling (Table 1) [3, 4]. Contamination propagation that
was occurred in Bemidji County in Minnesota was modeled. The results of this numerical modeling were compared
with in situ data and also with the results of numerical modeling obtained by Pandy et al. (Table 2) [5].

Table 1. Comparison of the results of this study (MOFAT) with image processing and numerical modeling of Van Geel and

Sykes
Image processing results Numerical modeling results
Contour time Coefficient of Nash-Sutcliffe Coefficient of ) .
T L. . Nash-Sutcliffe coefficient
determination coefficient determination
120s 0.98 0.96 0.94 0.92
600 s 0.96 0.95 0.96 0.96
3000 s 0.85 0.83 0.98 0.94
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Table 2. Comparison of the results of present study (MOFAT) with in situ data and numerical modeling of Pandy et al. [5]

Contour Image processing results Numerical model results
concentration dCoefflc_lent_ of Nash-Sutcliffe Coefficient of Nash-Sutcliffe coefficient
etermination coefficient determination
5 mg/L 0.98 0.96 0.99 0.98
10 mg/L 0.97 0.96 0.98 0.97
20 mg/L 0.87 0.96 0.95 0.93
40 mg/L 0.96 0.85 0.85 0.78

3. Numerical modeling

3.1. First model of contamination propagation

Propagated BTEX components from a source of contamination were studied by a numerical model in MOFAT.
This model considers different soil and contaminant properties. The dimensions of the model are 15m x 25m, where
water table is located 0.5 m above the bedrock. Fig. 1 depicts a schematic view of the model. Leakage point is
placed at the depth of 1 m. Then the mesh for finite element analysis was generated. Contaminant flow and transport
analyses were performed for 5 years and the results were presented as propagation curves. Effects of different
parameters on propagation of BTEX components were evaluated.

—
Leak Point

15(m)

Groundwater table

K'/

25(m)

0.5(m) T |

Fig. 1. Schematic of first model of contamination propagation

The propagation of the components of the BTEX groups in different conditions of soil and contaminants was
considered. The evaluated parameters were (1) hydraulic conductivity, (2) porosity, (3) residual water saturation, (4)
residual NAPL saturation, (5) van Genuchten coefficient (a), and (6) van Genuchten coefficient (n).

The results show that contaminated area by BTEX components in unsaturated zone for a known volume of
injected contaminant, increases with increasing the hydraulic conductivity and residual water saturation and
decreasing the soil porosity and van Genuchten coefficients of & and n. In water phase, Benzene has the greatest
transported volume between BTEX components and Ethylbenzene and Xylene have the least amount.

3.2. Second model of contamination propagation

The selected model is shown in Fig. 2 and has 15m height and 250m length. The leaking point of contamination
is located in depth of 1m and ground water table is located in depth of 5m. Hydraulic gradient of 0.004 is
implemented to establish flow from left to right in the aquifer. This model is depicted in Fig. 2. Since in this model
propagation of contaminants in water and gas solution phases was studied, a sandy soil with high hydraulic
conductivity was used. Therefore, the contaminant could pass easily through the unsaturated zone and reach the
aquifer. All BTEX components showed similar behavior as they propagated in water and gas phases. When the
contaminant reached the aquifer, due to lower density compared to water, it accumulated on the water table with a
lens of contamination in NAPL phase. Soluble components of the lens will dissolve in water and propagate in
direction of water flow. Some components of the lens will evaporate and propagate over the aquifer.
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Fig. 2. Schematic of second contamination propagation model

The results showed that propagation of Benzene in water phase is more than other BTEX components.
Ethylbenzene has the maximum and Benzene has the minimum volume of transported contaminant in NAPL phase.
It is also observed that Benzene has the greatest volume of transported contaminant in gas phase.

4. Conclusions

In this paper propagation pattern of BTEX component of gasoline was studied by two dimensional finite element
method. The simulations were performed by different models. The first model simulated deep water table to study
the effective parameters and pattern of propagation of BTEX in unsaturated zone. The second model simulated the
above mentioned phenomenon based on shallow water tabe and saturated soil condition. Transported volume of
BTEX components in NAPL, water and gas phases were evaluated. The obtained results showed that contaminated
area by BTEX components in unsaturated zone, for a known volume of injected contaminant, increases with
increasing the hydraulic conductivity and residual water saturation and decreasing of soil porosity and van
Genuchten’s coefficients of « and n. In water phase, Benzene has the greatest transported volume between BTEX
components and Ethylbenzene and Xylene have the least amount. Propagation of hydrocarbon contaminants in
water phase has direct relation with their diffusion coefficient and solubility in water. In NAPL phase, Ethylbenzene
has the greatest transported volume between BTEX components and Benzene has the least amount. As the partition
coefficient in water phase increases, transported volume in NAPL phase decreases. Propagation of hydrocarbon
contaminants in gas phase is a function of their diffusion coefficient in gas. Therefore in comparision to other BTEX
components, Benzene has the greatest transported volume. On the other hand, Ethylbenzene and Xylene have the
least transprted mass.
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