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Abstract

Soil vapor extraction (SVE) is a standard remediation technique for removing volatile organic
compounds from contaminated soils. An important aspect in planning of SVE systems is the estima-
tion of the time frame in which remediation can be achieved. In this study, analytical solutions are
developed which can be used on the one hand for estimation of the required cleanup time and on the
other hand for gaining insight into the processes which take place during the soil remediation. The
analytical solutions are based on the well-mixed reservoir model as well as on the pure advective gas
transport model, and their reliability is assessed by comparing their results with those of numerical
simulations. Concerning mass transfer between the water phase and the solid phase, equilibrium as
well as rate-limited sorption are considered. For the case of rate-limited sorption two extraction
strategies (continuous extraction and pulsed extraction) are investigated.

1. Introduction

Soil vapor extraction (SVE) is one of the standard techniques for removing volatile
organic compounds (VOCs) from porous media with medium to high air permeability. A
typical SVE installation is shown in Fig. 1(a). The induced gas flow towards the well
causes the evaporation of nonaqueous phase liquids (NAPL), the volatilization of con-
taminants dissolved in the pore water and the desorption of chemicals from the porous
material. However, the goal is not only to remove the contaminants from the soil but also
to achieve it in a reasonable time frame. Therefore, an important criterion to evaluate the
efficiency of an SVE system is how long cleanup will take.
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Fig. 1. Soil vapor extraction system: (a) schematic representation; (b) configuration used for the numerical
simulations.

Cleanup time varies widely with site conditions. For its estimation appropriate mathe-
matical models as well as the value of the parameters that characterize the soil properties
and the concentration and properties of the chemicals are required. Mathematical models
describing transport of VOCs in the gas phase of the soil have been developed by Wilson
et al. (1987), Sleep and Sykes (1989), Baehr et al. (1989), Falta et al. (1989), Mendoza and
Frind (1990), Rathfelder et al. (1991), Gierke et al. (1992) and Armstrong et al. (1994).
The differential equations on which these models are based are solved numerically.

The determination of the parameters required for the estimation of the cleanup time is a
complicated and cost-intensive task. In many practical applications the quantity and
quality of the data available for the design of SVE systems are not sufficient. They
allow only a rough approximation of the cleanup time, even if accurate mathematical
models are used. Under these circumstances, analytical solutions which result from simple
mathematical models and allow the approximation of the cleanup time on the basis of a
reduced input parameter set become attractive.

The problem of the analytical estimation of the cleanup time was tackled first in the area
of groundwater contamination. In that context, the US Environmental Protection Agency
(USEPA) published recommendations for using ‘batch flush’ models to obtain rough
estimations of the volume of groundwater that must be removed from an aquifer to attain
a given cleanup standard (USEPA, 1988). One of these models is the well-mixed reservoir
model (WMR model) with linear equilibrium sorption, for which Gelhar and Wilson
(1974) developed an analytical solution describing the temporal evolution of the contami-
nant concentration. An application of this solution in a field study has been presented by
Zheng et al. (1991, 1992). In SVE problems the WMR model was first used by Johnson
et al. (1990) to develop a numerical solution for the mass balance equation in a soil
contaminated with a multicomponent chemical, which exists as NAPL in the soil
pores, as gas in the pore vapor and is also dissolved in the soil moisture and sorbed to
the soil.

The purpose of the present research is to develop analytical solutions (1) for the estima-
tion of the cleanup time in SVE applications and (2) for gaining insight into the relative
importance of the relevant physical and chemical processes occuring during the SVE. The






