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Abstract

Knowledge of soil-gas and heat transport parameters is essential for simulating behaviors of
greenhouse/toxic gases and changes in soil temperature in natural and man-made soil ecosystems, for
example in urban polluted soil sites and the soil cover layer at municipal landfill sites. Degree of
water-saturation at different water potentials (as described by the soil-water retention curve) highly
affects both gas and heat transport parameters. In this study, the effects of water retention hysteresis
(non-singularity in the wetting and drainage curves of soil-water retention) on the soil-gas diffusion
coefficient (D), air permeability (k,), and thermal conductivity (K) were investigated. Different sand
size fractions representing different particle shapes were used for measuring gas and heat transport
parameters. Soil-water retention hysteresis highly affected the gas transport parameters, showing
higher D, and k, values for the wetting processes than those for drying processes at the same air
content. This suggests that the existence of more continuous pore-networks for the wetting processes
enhanced diffusive and advective gas transport. Opposite to the behavior of the gas transport
parameters, the effect of soil water retention hysteresis on K was insignificant for all sand materials.
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Table 1 Physical properties of sands used in this study.

Sand Bulk density ~ Particle densiy ~ Porosity =~ Mean diameter
pa(g/cm®) ps(g/em?) (cm/cm®) Dso(mm)
Granusil#30 1.61 2.66 0.394 0.50
Granusil#50 161 2.66 0.394 0.31
Accusand#30/40 1.79 2.65 0.325 0.52
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Figure 1 Schematic illustration of experimental setup.
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Figure 2 Soil-water retention curves for (a) Accusand #30/40, (b) Granusil #30, and (c) Granusil #50.
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Figure 3  Air permeability;(a)(b)(c) and gas diffusivity;(d)(e)(f) as a function of air content for (a)(d)
Accusand #30/40, (b)(e) Granusil #30, and (c)(f) Granusil #50.
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Figure 4 Thermal conductivity as a function of air content for Granusil #50.
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Figure 5 Pore-network tortuosity as a function of air content for Granusil #50.
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