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Multiphase Modeling on the Convective Transport of an
Organic Solvent through Unsaturated Soils

Kun Sang Lee*
Div. of Civil and Environmental Eng., Kyonggi University

ABSTRACT

In-situ photolysis is one of the most promising ways to clean up a soil contaminated with 2,3,7 8-tetrachlorodibenzo-p-
dioxin (TCDD). This study focuses on the mathematical description and model development of the convective upward
transport of an organic solvent driven by evaporation and photodecomposition at the surface as the major transport
mechanism in the clean up process. A finite-element-based numerical model was proposed to incorporate effects of
multiphase flow on the distribution of each fluid, gravity as a driving force, and the use of van Genutchen equation for
more accurate description of k-S-p relations. This paper presents results of extensive numerical calculations conducted to
investigate the various parameters that play a role in the solvent migration through a laboratory-scale unsaturated soil
column. The numerical results indicate that gravity affects significantly on the fluids distribution and evaporation for
highly permeable soils. The soil texture has a profound influence on the fluid saturation profile during evaporation process.
The amount of solvent convective motion increases with increasing evaporation rates and decreasing initial water
saturation. Simulations conducted in this study have shown that the developed model is very useful in analyzing the effects
of various parameters on the convective migration of an organic solvent in the soil environments.

Key words: convective transport, multiphase flow, van Genutchen equation, photolysis, 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD)
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Table 1. Physical Properties of Fluids Used in the Simulations

water gas tetradecane
viscosity (poise) 0.01 0.0002 0.021
density (g/cm®) 0.9982 0.00129 0.763
surface tension
(dyne/cm) Cpw=72.75, 0Gu,=373, 0©,,=26.56

Table 2. Hydraulic Properties of Soils Used in the Simulations

a k K
n (cm®) | (cm/sec)

n Swr Ser

sand | 0.43 |0.105| 0.1 [0.145| 2.68 |842X108.24X 107
loam | 043 [0.181] 0.1 |0.036| 1.56 [2.95X 107[2.88x10™
silt | 046 |0.074] 0.1 [0.016] 1.37 [7.09%X10%6.94X 107
clay | 0.38 [0.179| 0.1 |{0.008| 1.09 [5.67X105.56X 107
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Table 3. Boundary Conditions and Their Duration during Major
Steps in the Simulations

gravity drainage evaporation
boundary duration boundary duration
conditions (hrs) conditions (hrs)
surface | bottom surface | bottom
sand 4
loam Vw= 0 De=P. Vw= 0
It Pe=Pam| U=0 7 f)zl;"m 0, =0 5
S1 v= 0 't 0 V= 0
clay
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Fig. 1. Saturation profiles of fluids for sand (S,,=0.5, S, =04,
Vevap= 0.025 cm’/cm?/sec).
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