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Numerical modeling of the volatile contaminant behavior in
unsaturated and saturated zone

Kazumasa Itoh

Abstract

Numerical simulation becomes the useful tool for predicting not only the distribution of the
contaminant concentration, but also the effect of countermeasures, such as vacuum extracting in
unsaturated zone. However, the conventional numerical simulation method loses its applicability
when the contaminant has the volatile and slightly water-soluble properties, because in such cases,
the flow and diffusion of contaminant is dominated by groundwater flow and other factors such as
undulations of aquitard. For these cases, the authors have been developing the compositional
numerical model that can treat the transient dissolution and volatilization of chemical contaminant
to groundwater or air in saturated and unsaturated zone. For the modeling of transient volatilization,
the authors carried out batch type laboratory experiment of the volatilization of ethyl alcohol with
constant temperature. In this experiment, transient volatilized weight of free ethyl alcohol and ethyl
alcohol with sand was measured. Analyzing the measured result of this experiment with diffusion
type volatilization model, the both measured results of volatilization from free surface and within
sand can be reconstructed. And, this model can also reconstruct the result of vertical 2 dimensional
laboratory experiment of the flow, volatilization and diffusion of ethyl alcohol.

From these results, I can conclude that the compositional simulation with transient diffusion
type volatilization has sufficient applicability to the prediction of contaminant spreads and counter-
measures.

Key words : soil-groundwater contamination, volatile material, numerical simulation,
multi-phase flow
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Table. 1 Parameters for numerical simulation of volatilization experiment

Parameters Toyoura sand Berea sandstone
Hydraulic conductivity (cm/s) 2.16X10 7 1.5X10 "
Porosity 0.48* 0.2*

Diffusion coeff. (m%/s) 2.00x10°° 1.1X10°°
Vapor Pressure (Torr) 78.4* 78.4*

Contact area coeff. 2.0 2.0

Capillary Press. Fig. 10 Fig. 17*

* : Fixed Value
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Table. 2 Parameter settings for numerical simulation of
vertical 2 dimensional experiment

Properties Values
Porosity 0.416
Permeability 1000 darcy
Vapor Pressure 40.71 Torr
Temperature 292K
Volatilization Coef. 1.5X10 *m¥s
Diffusion Coef. (Horizonal) 1.5X10*m¥s
Diffusion Coef. (Vertical) 1.5X10 *m¥s
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Fig.24 Comparison between measured and calculated tran-
sient ethyl alcohol concentration in gas phase at
sampling points
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