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Transport in the gas phase of the unsaturated zone can be the key process in spreading of soil pollutants or other
gas components due to the short time scales in comparison to liquid phase transport. Gas migration through the
soil depends on many factors, such as soil characteristics and saturation conditions as well as gas properties.
Furthermore, transport through the upper soil layer can be influenced by the atmospheric conditions above the soil.
A thorough understanding of the impact of these factors is indispensable when attempting to quantify mass fluxes
of gaseous pollutants, volatile organic compounds or green house gases emitted from the soil.

To address these issues, quasi-2-dimensional Darcy-scale gas migration experiments were conducted in a
sand tank with an overlying wind tunnel. A gas inlet was positioned at the sand tank bottom. Soil moisture was
regulated via a constant head device also connected to the bottom of the tank. The tank was equipped with a
total of 53 sensors to continuously measure gas component concentration, soil moisture and temperature profiles.
Furthermore, wind velocities, air temperature and air humidity were measured at different locations inside the
wind tunnel. At the beginning of each experiment, steady-state conditions were established by applying a constant
mass flow at the gas inlet. After reaching the steady-state, the gas supply was stopped. Subsequently, sensor
monitoring was maintained until all the gas left the tank into the wind tunnel. This experimental process was
performed for four different wind velocities and with dry and partially saturated sand. Furthermore, three gases
with distinct differences in gas density were tested, leading to a total of 18 experiments.

Experimental results show that all three factors (gas density, wind velocity and soil moisture content) influ-
ence the transport processes, but to different extends. As expected, steady-state gas profiles vary with density.
Varying the wind conditions, has no apparent effect on the concentration profiles during the steady-state. Where
as changing the sand from dry to partially saturated, leads to increased gas concentrations. After stopping the
gas supply, gas density shows the expected effects, denser gases remain longer in the tank than lighter gases.
Increasing the wind velocity leads to a distinct decrease in transport times. Partially saturation of the sand causes
a significant increase of transport times and enhances the wind velocity effects.

In order to test to which degree standard modeling concepts can be used to predict mass fluxes, numerical
simulations of the experiments were carried out with the model environment DUMUX (Dune for Multi-(Phase,
Component, Scale, ...) flow and transport in porous media). To capture the influence of the wind velocity on the
gas transport, a coupled porous medium-free flow model was chosen. Experimental and simulation results will be
discussed in this contribution.
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