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Table 1. Some physical and chemical properties of water and NAPLs.
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density Kinematic viscosity Dynamic viscosity Color Boiling point Molecular ANPL
(gr cm™) (em®s™) (em®s™) (°O) Formula
o Slo ggd [CONGIV:Y
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Dark brown Crude oil
Sy W IRCY
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Table 2. Chromatography test of Crude oil.
Sl Sl oellent Qs 234 g RETEEW IRV S
Aromatic Aliphatic Asphaltene Nitrogen Sulfur Hydrogen sulfide Salt
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Figure 1. Comparison of NAPLs and water infiltration rates.
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Table 3. Saturated hydraulic conductivity and infiltration parameters of NAPLs and water based on Philip,
Green-Ampt and Kostiakov models.

NAPLS )
358 Joe AN O
Infiltration model Parameter 7= e Water
Crude oil Kerosene
Al
S K, 0.0058 0.280 0.061
Darcy
0.004589 0.049 0.078
C,._.:.Al _(,Pljf
B 0.06685 0.145 0.1435
Green- Ampt
H; 11.520 0.510 2.350
s A 0.00579 0.063 0.0298
Philip S 0.1291 0.306 0.1837
O oS a 0.147 1.900 0.186
Kostiakov b 0.550 0.340 0.648
2 5 LNAPL (Sdg,an Calia 5 4l 358 o -t Jgi
Table 4. Basic intake rate and hydraulic conductivity of NAPLs and water.
NAPLS
- Ak
Water s S i Parameter
Kerosene Crude oil
0.024 0.08 0.01 Ihax cm/min
0.029 0.0063 0.00579 K
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Table 5. Infiltration models of Crude oil and their parameters.

Jle ol o Joe 358 dlslas Jae
Model parameters Infiltration model Model
oSl
i =(0.147)(0.55)(0-55-D i =abt?! # A #
Kostiakov
Cwal — S
i = 0.004589+ 200685 =4+ 2 ol = S
L Green-Ampt
i=0.1291:%3 +0.00579 i=593 4+ 4 i
Philip
Lol cl 5 S 4 A o 348 gladie -1 g
Table 6. Infiltration models of Kerosene and their parameters.
Je o0 358 Jde Je
Model parameters Infiltration model Model
oSl
i=(1.9)(0.34)/(034-D i=abit®™! . ,‘ #
Kostiakov
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i= 0049+ 2145 i=A+— s
L L Green-Ampt
i=0.306: +0.063 i=593 4 4 i
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Table 7. Quantitative evaluation validity of fitted models on measured NAPLs values.
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Abstract

Background and Objectives: Environmental contamination particularly soil pollution is a
major recent challenge. The so-called non-aqueous phase liquids (NAPLs) are considered
among the most hazardous pollutants in environment and can potentially cause severe damage
to our environment. The contaminated soils might not only transfer the pollutants to the human
chain food, but transmit the contaminants to the groundwater and drinking water. Non-aqueous
phase liquids (NAPLs) have significant influences on environmental contaminations.
Understanding infiltration characteristics of these compounds into the soils is very important
because it assists to remediate contaminated soils and manage to reduce NAPL recharge into
groundwater. The main objective of this research was to quantitatively investigate the influence
of infiltration of some NAPLs including crude oil and kerosene into soil.

Materials and Methods: Consequently, the required soil samples were collected from
neighboring Tehran oil refinery. The saturated hydraulic conductivity, cumulative infiltration
and the infiltration rates were obtained by using Darcy’s law and Philip, Kostiakov and
Green-Ampt infiltration models, respectively. The performance of predictive infiltration models
were evaluated using RMSE and R” statistics.

Results: The obtained results showed that similar to water, the wetting front length and
cumulative infiltration for both examined NAPL components were nonlinearly increased. The
largest NAPLs infiltration rates as well as that of water were observed during the initial
experimental periods. The hydraulic conductivity of crude oil and kerosene were obtained to be
0.0058, 0.280 cm min™', respectively.

Conclusion: Quantitative assessment of kerosene infiltration into the soil indicated that for
NAPLs, when time moves towards infinity, the basic infiltration rate doesn’t resemble the soil
saturated hydraulic conductivity. This can be attributed to the fact that at the final stage of
infiltration process, the sorptivity plays a significant role in infiltration of these components.
Overall observations show that that based on the calculated RMSE statistic, the Green-Ampt
and Kostiakov models can well predict the NAPLs infiltration into the soil. Some NAPL
characteristics including type of compounds, composition, surface tension, viscosity and
specific gravity were appeared to significantly influence the infiltration process.
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