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Gas and heat transport properties of compost-mixed landfill cover soils control the fate and emission of toxic gases
from the landfill and the rate of methane oxidization in the cover.

In this study we measured methane oxidation rates of compost-mixed soils and evaluate the gas transport parameters
(gas diffusion coefficient, D,) and thermal properties (thermal conductivity, Dand heat capacity, HC) of compost-
mixed soils in order to understand the potential application of compost-mixed soils as a biological active cover for the
mitigation of landfill gas emission. In order to understand the biological reaction of methane oxidation in compost,
compostsoil mixture, and landfill cover soil at elevated atmospheric methane concentrations of 8% CH, were described
using first and zero order reaction kinetics. Results of this study showed that WC for a soil-compost mixture, in both
cases showing a significant influence of water status and thus of the diffusion processes in the water and gas phases.
According to the results of the methane oxidation batch experimental procedure, the maximum oxidation rate of pure
compost higher than that of a compost-soil mixture. Besides, the biological kinetics of methane oxidation based on both
zero and first order rates of a 1:10 (w/w) compost-soil mixture was lower than for pure compost, suggesting that the
mixing ratio of compost-soil may be improved for landfill final cover soil application.

Further, to understand the material properties of the selected materials, we measured gas diffusivity D,/D, and thermal
properties such as thermal conductivity (1) and heat capacity (HC) of soil, composts and compost-mixed soils (either
1:5 or 1:10) using the hand compacted samples under variably water saturation. Model parameters for gas diffusion
(slope C of Penman-Call model), thermal properties (C' and C" slopes of A—6 and HC-0 relationships, respectively)
were obtained by fitting the measured data to the PC type gas diffusivity, thermal conductivity and heat capacity linear
models. The effects of mixed composts on water retention and gas and heat transport parameters were investigated based
on fitted model parameters. Measured water retention data were fitted well by the BC water retention model. The effect
of compost mixing and composting material composition for soil water retention, gas diffusion and thermal properties

were evaluated based on the measured parameters of BC, PC type gas diffusivity and thermal property models.
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Model parameter of gas diffusivity (g,,) related with the BC model parameter () and macroporosity(e,,,). Empirical
relationships were developed for the ¢,-, non linear relationship.

Results of the parameter analysis showed that, the ¢, values increased with increasing compost content, relating non-
linearly to the Brooks-Corey bubbling pressure but highly linearly to macro-porosity. The obtained results of this study
might be useful for predicting aeration and gas emission in landfill cover soils.

Analogous to the PC model for gas diffusivity, linear 4 and HC models were used to fit the measured data. The
models captured reasonably well the measured 4 and HC data from dry to wet conditions. The model slope C’
foroAovaried depending on the compost ratio and became lower with increasing compost ratio. The model slope C” for
HC, on the other hand, showed less effect of the compost ratio. The thermal properties under the dry condition, 4, and
HC,, were well correlated to the volumetric solid content, and unique nonlinear relationships between A, and HC, and
volumetric compost content were seen.

Based on test results from this study, gas and heat transport parameters (D,/D,, A, and HC) measured for compost
materials and compost-mixed soils gave clear linear relationships to their fluid contents (o for D,/D, and 6 for / and
HC). However, the PC type simple linear models used in this study would be useful for a quick assessment of gas and
heat transport through compost-mixed landfill cover soils.

In addition, Predictive models for gas diffusivity were tested based on the sensitivity analysis. The tested model
predictions were highly deviated from the wet region and well predicted in the dry regions (y > -1,000 cm H,0) for soil.
Predictive models for the quick assessment of the thermal properties at dry conditions (o, and HC,) were developed
based on their dry bulk densities (p,). Three-phase mixing model was applied by incorporating the impedance factors
for thermal conductivity f; and heat capacity f;,- and based on the A,-c and HC-c relations. The modified mixing model
is represented byod=A,+f101, and HC=HC+f,,.0HC,. The modified mixing model and existing predicting models
were compared.Similarly, predictive models for gas diffusivity were tested based on the sensitivity analysis. The newly
developed and modified model for thermal properties might be useful for the assessment of the thermal properties of
compost mixed biocovers towards optimal performances.

The results from this study will be helpful towards designing compost-mixed landfill cover soils with optimal heat

and gas transport characteristics.
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