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A Em X H Gas Transport Parameters in Landfill Final Cover Soils: Development of
Predictive Models and Decision-Making Flow chart based on Soil Physical
Properties
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When municipal solid wastes (MSWs) are buried in landfills, biodegradable fractions decompose via a complex
series of microbial and abiotic reactions. The anaerobic degradation of organic waste in landfills results in the
production of a gas mixture that contains methane (CH,), carbon dioxide (CO,), and potentially also numerous toxic
compounds. The greenhouse gases and toxic gases are mainly produced under oxygen-limited (anaerobic) conditions
and can subsequently be emitted to the atmosphere through the landfill final cover soil. Therefore, the landfill final
cover should be designed to promote oxygen exchange between the atmosphere and waste layer to maintain aerobic
conditions and high methane oxidation in the final cover soil layer and at the same time to secure a good hydraulic
performance. Numerous studies have focused on characterizing and controlling the hydraulic performance of
differently textured landfill final cover soils to prevent water infiltration during precipitation. However, only few
measurements and limited knowledge of the gas transport characteristics (gas diffusion coefficient, D, and air
permeability, k ) and their relationships to soil physical properties in landfill cover soils are available at present. Soil
physical properties such as bulk density (p,) and particle size fraction and soil pore structure parameters including
soil-air content (g), total porosity (¥), and pore connectivity-tortuosity as inferred from gas diffusivity all strongly
affect the gas transport parameters. The recent soil-gas transport studies imply that soil compaction and particle size
fraction are key parameters to understand gaseous phase performance of landfill cover soils. Basically, this study was
carried out a) to measure the gas diffusion coefficients as function of soil-air contents for differently compacted and
variably saturated landfill final cover soils, b) to test/modify recent predictive models against measured data, and c)
to apply the relationship between soil physical properties and gas transport parameters in a systematic flow chart for

landfill cover performance in relation to gas exchange.



In chapter 2.1, the gas transport parameters were measured on variably saturated and differently compacted
reddish brown cover soil in Sri Lanka. Further, model performance was also done for the measured data and effects
of moisture content and compaction on gas transport parameters were investigated. Finally, based on the measured
gas transport parameters, the soil-pore characteristics and preferential gas transport properties were evaluated. The
samples were prepared by either standard proctor compaction or hand compaction to dry bulk densities between 1.60
to 1.94 g cm?. The simple, single-parameter Buckingham (1904) model equally well or better predicted measured
Dp/Do values across compaction levels, as compared with multi-parameter models including a dry bulk density
(DBD) dependent model and soil-water retention (SWR) dependent model. For air permeability, a single-parameter
Buckingham type k model showed to be superior but only reasonable accurate (order of magnitude estimate) for

predicting ka in across compaction levels and moisture contents.

The calculated equivalent pore diameter (deq) was markedly increasing with compaction level, suggesting that a
very high compaction level may create well-connected macropores in the reduced total pore space of the cover soil.
In chapter 2.2, gas transport parameters were measured in extremely compacted landfill final cover soil in Japan
and based on measured data, model performance was evaluated. Based on measured data, the highly-and extremely-
compacted landfill cover soils (p, = 1.70-1.80 and 1.80-1.90) showed negligible threshold values for soil air content (g,,)
for both Dp/D0 and k_ and an almost linear increase of Dp/D0 with soil-air content (¢). Soil compaction also caused the

reduction of larger-pore networks, hereby markedly reducing the increase in k, with £ under dry conditions.

In Chapter 3, the effects of soil compaction and particle size fraction on gas diffusion coefficient (Dp) and air
permeability, (k) in variably saturated and differently compacted landfill final cover soils were investigated. In
addition, the recent models were modified for Dp/ D, and k_ by considering the model parameters as a function of dry
bulk density, (p,). The measurements showed higher D, and k_ values for the coarser fraction (< 35 mm) as compared
with the finer fraction (< 2 mm) at similar air-filled porosity. We suggest this is caused by compaction creating well-
aligned large-pore networks that are readily available for gas transport through the porous material. The compaction
effect was found more evident for air permeability as compared to gas diffusivity, and more pronounced for coarser
than for finer soil size fractions. The WLR model for D, and the RPL model for k_ were modified with reference point
measurements and model parameters (with power-law exponents M for the D, model and P for the k,_ model) were
correlated linearly to p, values for both fraction of landfill final cover soil. Finally, based on the developed predictive
equations, a systematic flowchart was introduced and it may be a useful tool during design and management of

landfills, regarding optimizing gas exchange for minimizing greenhouse gas emission from landfill sites.

In chapter 4, gas transport parameters were investigated to examine the effects of structure formation on moderately
compacted (HAC- hand compacted) landfill final cover soils. The study revealed that moisture adjustment method
together with dry bulk density caused to change the pore structure formation in final cover soils. The difference of
Dp/DO was not much significant but k showed significant variation with altering pore structure changes. Moisture
adjustment before compaction samples (HAC-A) showed greater variation on k , compared with samples in which
moisture adjusted after compaction, suggesting higher potential for structure forming. The region of structure
formation occurred at intermediate to field water content. Soil pore indices also varied considerably in HAC-A
samples, especially dcq, highlighting structure forming may affect gas transport parameters in landfill final cover soils.

Overall, these two indices were good indicators to exhibit the effects of structure forming potential on gas transport



parameters in differently compacted landfill final cover soils.

In perspective, the introduced predictive equations need to be tested for more independent measurements with
different size fractions and soil textures. The actual greenhouse gas emission (i.e., methane) measurements are highly
helpful to link the main gas transport parameters and also methane emission rates and their dependence on soil

physical and chemical properties are highly recommended.
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