Measuring landfill-gas emissions from cracked and intact areas of a final
soil cover without a synthetic membrane.

In the U.S., nearly half of all solid waste disposed ends up in landfills, where
approximately half of the biogas emitted is methane. As a result, municipal landfills are a
sustainable resource for landfill gas (LFG) because the supply of waste is renewable, despite
efforts to divert waste from entering the landfill via recycling, composting, and combustion.
Making an effort to collect LFG has a wealth of benefits and as population and energy prices
continue to increase, the feasibility of exploiting this abundant resource becomes more practical.
Throughout the U.S., landfills are signing up to participate in the U.S. Environmental Protection
Agency's (EPA) Landfill Methane Outreach Program (LMOP), which aims "to reduce methane
emissions by lowering barriers and promoting the development of cost-effective and
environmentally beneficial landfill gas energy" (EPALMOP 2008). Capturing LFG from
landfills is not only a proven method to reduce LFG emissions it is an efficient way to generate
energy and revenue for an entire community. Collected gas can be used to generate electricity,
used as a replacement or supplementary fuel, or can fuel service vehicles. If enough gas is
generated and treated, the gas can be sold to the natural gas pipeline system. In addition, the gas
is no longer released out into the atmosphere.

Before LFG can be recovered from a landfill it must be concentrated inside the landfill
cell so that recovery pipes can efficiently extract the LFG. To do this, a final soil cover that acts
like a cap must be placed over the entire pile of solid waste. Final soil covers not only prevent
hazardous gasses from escaping they are necessary to prevent added moisture from entering the

landfill cell unit. However, recent studies have shown that shrinkage of soil due to loss of



moisture can cause cracking of the final soil cover resulting in a free flow of gas into the
atmosphere.

There are few studies which have quantified spatial variability in LFG emissions from
mixed-waste landfills with final soil covers vulnerable to cracking. Previous studies have been
conducted in labs where seasons were simulated or on thin layers of cover soil in states other
than Texas. This study will examine a 10 to 15 foot thick soil layer overlying a 30 acre cell at the
City of Denton Landfill over a period of several seasons. The study will determine whether
cracking is occurring and whether these cracks significantly influence the flow of LFG emissions
into the atmosphere. This study will also contribute to the current literature, by analyzing LFG
emissions from cracked and intact sections of landfill cover.

Landfill Covers

According to Texas State Law, landfill owners and operators are required to install an
impermeable final cover on landfill units no longer accepting waste. The purpose of an
impermeable final cover is to minimize infiltration of liquid into the solid waste pile, to prevent
erosion, and promote LFG oxidation. In landfills without a gas recovery system, the U.S. EPA
sets a default LFG oxidation estimation of roughly 10% in the landfill cover while the rest is
emitted into the atmosphere (U.S. EPA, 1999). Landfill covers are generally comprised of a
synthetic or clay barrier overlying the solid waste, which is then covered by a layer of vegetated
soil. According to closure requirements for municipal solid waste landfills set by the Texas
Commission on Environmental Quality (TCEQ), a final cover system must be composed of
either a synthetic membrane or 18 inches of earthen material preferably a clayey soil, sandy
clayey (SC) soil or a low plasticity clayey (LC) soil. A soil with high plasticity is permitted,

however, since these soils are likely to crack, they must be covered by a minimum of 12 inches



of topsoil. Overlying the clay/synthetic layer is a six inch erosion layer which permits the growth
of vegetation (TCEQ Rule 330.457). Side slopes for the final cover may not exceed a 25% grade
unless controlled drainage pathways such as flumes, diversion terraces, spillways, etc. are
accepted by an executive director. A 2.0% to 6.0% grade must be constructed for the top of the
landfill cover in order to prevent pooling.

Slopes

Slopes are a distinct feature of landfills. Sloping affects the mass stability of the landfill
as well as how soils on the surface can resist erosion due to rainfall. The shear strength of the
material used in the cover is important in the stability of the landfill. Shear strength is a
measurement used to describe the strength of a material against yield or structural failure which
results in shearing (Figure 1). The shear strength of the entire final cover can be determined by
the internal friction and cohesion, compressibility, elasticity, permeability and capillarity of the
materials used in the final cover. If the shear force applied cannot be supported by the shear
strength of the slope, sliding and failure is likely to occur. This is the reason why the sloping
surfaces of the landfills are covered with a vegetated soil layer. Root systems of plants increase
the shear strength of the sloping surface.

If one side of the slope is less vegetated than the other, it is likely that there will be more
erosion on that side. Interestingly, vegetation growth on slopes can be influenced by the direction
in which the slope faces. Northern facing slopes receive more moisture and cooler temperatures,
while southern facing slopes receiver more sun and higher temperatures. Therefore, northern
facing slopes are likely to have more vegetation while southern facing slopes will have less.
Accordingly, the direction of slope face will influence the amount of heat and moisture which

will reach the surface.



Cracking

Expansion and contraction of soils depends on the size of soil particles as well as the
thermal properties of the soil. The thermal properties of the soil are heat capacity, thermal
conductivity and thermal diffusivity which are all dependent on water, air and/or soil particles.
Soil particle size influences soil porosity, the amount of porous space between soil particles.
These pores are either filled with air or water. Thermal conductivity increases with the presence
of water because while dry soils conduct heat at a point by point basis, water in the soil will
warm several particles of soil at the same time. When the soil surface is warmed the particles
expand. Expansion does not happen evenly throughout the surface due to the differences in
thermal expansion, this is called differential expansion.

Similarly, freezing temperatures alter the state of moisture inside the soil. When water
stored in pores or cracks in the soil freezes the volume of the water increases, expanding the
crack or pore space. This process is called frost wedging. When temperatures warm up the ice
melts and cracks are left behind, exposing the area to further weathering.

When soils are exposed to repeated wetting and drying cycles their tendency to shrink
and swell results in cracking. It is common to observe more cracks in soils with a high amount of
fine soil particles. Soil particle size influences soil porosity, the amount of porous space between
soil particles. Porous space in the soil stores water. A soil is able to bend freely when water is
present, this is called soil plasticity. Soils with a high percentage of fine soil particles and clay
tend to have a high plasticity index, silts which are very fine, have low plasticity index. A
plasticity index is the range of soil moisture content which allows the soil to exhibit plastic

properties. A high plasticity index implies that the soil has a greater range in which the soil can



be in a plastic like state. If the moisture content of the soil is above the plasticity index, then the
soil will exhibit a liquid state. If the moisture content of the soil is below the plasticity index,
then the soil will be hard and eventually reach the shrinkage limit. Soils with high plasticity
index, such as clay, are more prone to shrinkage strains during drying. When water from the soil
is evaporated, the soil dries creating suction which increases the effective stress of the soil,
which in turn decreases the volume of the soil and cracks begin to develop.

Emissions

Cracks in the soil cover not only allow water to percolate down into the waste pile, they
also influence the flow of LFG from the landfill cover into the atmosphere. LFG emissions and
oxidation both depend on the physical condition of the overlying landfill cover. When pathways
are created for gas to escape from the soil, oxidation time within the soil is reduced. LFG
oxidation occurs when bacteria within the soil consume the gas and react it with oxygen. When
methane gas comes into contact with oxygen the product is carbon dioxide (CO,) and water
(2H,0).

When the porous space between soil particles is occupied by water, pathways for gasses
decrease and promote LFG oxidation within the soil. According to Spokas et al. (2003), a soil
moisture content of 15% to 30% is optimal for methane oxidation within the soil. Tecle et al.
(2008) studied LFG emissions, soil temperature and soil moisture content at an inactive landfill
in Kansas City, Missouri. Spatial analysis of moisture content and LFG emissions showed a
strong spatial correlation indicating that when the soil was occupied by water, LFG emissions
decreased. When soil moisture content is above 40% or below 10%, methane oxidation in the
soil decreases. Figure 2 (Tecle et al. 2008, 1140) represents the map showing spatial variability

created using the kriging method.



The study conducted by Tecle et al. (2008) also found that soil temperature and methane
emission had a strong positive correlation. According to Tecle et al. (2008), methane oxidation in
the soil reaches the maximum between 25° to 30° Celsius (77° to 86° Fahrenheit). The study did
not observe cracks in the soil as a result of temperature, but made an important conclusion that
soil temperature is a “major controlling factor for methane emission” (Tecle et al. 2008, 1142).
Site Description

This study will observe the cover soil of a 30 acre inactive municipal solid waste landfill
unit at the City of Denton Landfill. The unit was constructed without a bottom liner and began
accepting solid waste in 1984, and stopped receiving waste in 1999. Closure requirements for
solid waste units without a bottom liner that receive waste after October 9, 1993 require a clay-
rich soil cover layer consisting of a minimum of 18 inches of earthen material with a
permeability less than or equal to the permeability of the constructed bottom liner (TCEQ Rule
330.457). The 30 acre unit is covered by 3 feet of clay as well as 10 to 15 feet of overburden soil.
The height of the unit is approximately 40 feet above ground surface. Vertical pipes have been
inserted through the final soil cover into the solid waste pile.

A Tier 2 NMOC (non-methane organic compound) Emissions Rate test conducted on
August 18, 2008 revealed a total emissions rate of 20.9 megagrams per year (Mg/yr) from the
entire landfill facility. The threshold for calculated NMOC emissions per NSPS/EG regulations
is 50 Mg/yr. The estimated date at which the landfill expects to exceed this amount is 2017. LFG
recovery was initiated early simply because LFG was being produced but was not being used.

In 2006, LMOP recognized the City of Denton's Biodiesel Production Facility as "Project
of the Year" for its use of LFG as an alternative fuel source for vehicles. As of December 2008,

the City of Denton Landfill in partnership with DTE Biomass Energy (DTEBE) will capture



LFG and provide Denton Municipal Electric (DME) with enough energy to supply nearly 1,600
households with electricity (Pegasus News 2008).

The final cover soil has been in place for the last 10 years, weathering severe drought and
heavy rain. It is possible that cycles of severe drought, heavy rains, and freezing temperatures
have at some point eroded or cracked the surface to some degree. While the final soil cover
overlying the inactive landfill unit at the City of Denton Landfill is very thick, it is not immune
to some degree cracking. Research conducted at the landfill will determine whether cracking has
occurred or is occurring and whether these cracks are flawing the LFG recovery system. This
research will either support the effectiveness of the 10 to 15 foot of soil that overlies the final
clay cover or encourage renovation of the current design.

Methodology

Before selecting the sampling areas, the final cover will be observed and plotted using a
Global Positioning System (GPS) device. The plotted points will then be interpolated in order to
create a Digital Elevation Model (DEM) for the entire landfill surface. By using a DEM, slope of
the terrain as well as the direction of the slope can be determined (Figure 3). This will supply
needed slope information which can then be used to select sampling sites based on the
percentage of the slope. Instead of randomly selecting sites throughout the landfill cover without
regard to percentage of slope, sites will be selected based on percentage of slope. This is because
slope is a major factor testing the strength of the soil. Landfill cover slopes are required by law
not to exceed 25%, therefore, sites will be chosen from 3%, 6%, 9%, 12%, 15%, 18% , 21% and
24+% (if present) sloped areas. Sampling sites will be chosen randomly from sites with these

slope percentages.



In order to gather data for the cracked areas of the landfill, the final soil cover will be
examined thoroughly in order to find cracked areas of the cover. Each crack observed will be
investigated and photographed. A ruler will be used to measure the length, width, number of
crack segments and intersections and depth of the cracks. It is possible that very few cracks will
be found, therefore, every cracked area will be used as a sampling site. The goal of this study is
to measure as many cracked areas as possible. Coordinates for cracked and intact areas will be
recorded and used to create a map that illustrates the spatial variability of cracks in the cover.

In order to fully understand the physical condition of the final soil cover it is important to
determine the type of soil being utilized. First of all, the TCEQ demands that the soil cover must
be classified as defined by the Unified Soils Classification System (USCS). The classification
will lend an understanding to the soil’s permeability and potential to crack and/or self-heal.
Figure 4 (Acipco International 2008) is located in the appendixes and illustrates the American
Society for Testing and Materials (ASTM) standard soil classification chart. Understanding the
type of soil will enable our understanding of how this particular soil will react to environmental
conditions such as drought and heavy rain. While a degree of cracking is expected from all soil
types, soil with higher fines content will likely have a greater extent of cracking. An
approximately 1 Ib soil sample will be taken from each sample area and put through a sieve
analysis. Grain size, uniformity coefficient, and coefficient of gradation will all be determined
using the sieve analysis.

In order to quantitatively observe the effect that environmental conditions have on the
final cover, soil moisture content and soil temperature must be measured. Shrinking and
swelling, expansion and contraction are caused by both the moisture content of the soil as well as

the temperature, and can cause cracks in a variety of different soil. During each site



reconnaissance soil temperatures will be measured using soil thermometer inserted at a depth of
6 inches. Soil moisture content will be measured using a Time Domain Reflectometer (TDR),
which consists of probes that receive and emit electromagnetic waves and measure the travel
time of waves through a porous medium. TDR is a common method for measuring soil moisture
content and electrical conductivity. A TDR system consists of a TDR100 Reflectometer which
“generates an electromagnetic pulse that is applied to a coaxial system which includes a TDR
probe for soil water measurements and (2) samples and digitizes the resulting reflection
waveform for analysis of storage” (Campbell Scientific).

Finally, LFG emissions will be measured using surface flux chambers. Figure 5 (Hartman
2003, 15) is an illustration of a surface flux chamber. Surface flux chambers are the best tool for
this research because they have been used in studies similar to this study (Abichou et al. 2006;
Chiemchaisri et al. 2007; and Spokas et al. 2005) Surface flux chambers are simple and cost
effective which enables the use of multiple chambers for longer periods of time in order to obtain
an accurate analysis of a sample area and allowing better coverage of the site (Hartman 2001,
16). Collecting data from the flux chambers may become skewed if measurements are not taken
at the most optimal times. Measuring should be avoided during periods of extremely high or low
barometric pressure. Cziepel et al. (2003) has shown that a barometric pressure decrease of 10
millibars can cause a tripling of methane emissions. Since wet soil also influences the flow of
emissions, measurements should not be taken within seven (7) days of rain (Hartman 2001, 18).
Finally, for locations with extreme seasonal temperature variations, measuring flux at the same

location over a period of several seasons is more appropriate.



Analysis

With the data collected from cracked and intact areas of the landfill cover, two (2)
multiple regression analysis will be applied to the data in order to determine whether the
dependent variable ((test a.) emissions and (test b.) cracks) can be predicted by the dependent
variables ((test a.) cracks, temperature, soil moisture content, slope (percentage and direction),
percentage of fines and (test b.) temperature, soil moisture content, slope (percentage and
direction), and percentage of fines). From the multiple regression analysis we will be able to
determine the correlation, percentage of the variation in (test a.) emissions and (test b.) cracks
that can be explained by each of the independent variables, and the significance of each
explanation. An Independent T-test will be used to test the difference between the emissions
measured from the cracked and intact areas of the final soil cover as well as temperature, soil
moisture content and cracking from the north and south facing slopes. A Levene’s test will test
the null hypothesis which assumes that the variances in emissions from cracked and intact areas
and temperature, soil moisture content, and cracking from the north and south facing slopes are
equal. If the Levene’s test is significant at p<.05, the null hypothesis will be incorrect and the
variances between these sampled areas are significantly different.

Along with the DEM, other maps will be created based on the data collected using
Geographic Information Systems (GIS). These maps will include soil temperature maps, soil
moisture content maps, and maps showing the location of cracks. By conducting this research
over a one year period, the weathering of sites located on the north and south slopes can be
compared. The statistical and spatial results of cracked areas will be compared to the results of

intact areas over a span of several seasons.



Conclusion

Solid waste has the potential to release gasses even 20 years after it was dumped into the
landfill and the estimated amount of LFG released per day is approximately two million cubic
feet (approximately 15 U.S. gallons). The State Energy Conservation office has estimated “If the
70 largest landfills in Texas were fully developed for energy production, about 40 billion cubic
feet of methane could be put to use generating nearly 200 MW of electricity” (Energy Report,
251). That is nearly 299, 220, 779, 220 gallons of methane that would otherwise be flared or
emitted into the atmosphere from Texas alone. Controlling the migration and emission of LFG
and protecting the surrounding environment is a worthy endeavor for environmentalist and those
interested in alternative sources of energy. With improved cover designs and efficient LFG
recovery systems the Texas economy can reap treasure from trash.

Landfills in the North Texas area are increasingly vulnerable to cracking due to the
variability of the seasons. Previous studies have shown that soil used as landfill covers are likely
to crack after the first wet and dry cycle. While previous studies have observed cracking in thin
layers of cover soil (up to 3 feet thick), no studies have been conducted on a layer of soil 10 to 15
feet thick. Other studies have simulated weather and soil thickness in labs in order to model one
aspect of a system that is extremely dynamic. What these studies lack is real-time
unpredictability of weather and interaction of variables at a macro scale. There are several
aspects of this problem which cannot be studied in a lab. The sloping topography of the landfill
cover and its shear size and design as well as the underlying processes which create LFG cannot
be studied in a lab. While wet and dry, heating and cooling can be simulated through the use of
percolators or heating lamps, the unpredictable nature of weather does not consider plasticity

index of soil or percentage or direction of slope or even vegetation.



An analysis of this cover design will either find that emissions from cracked and
intact areas of the cover are equal or significantly different, and determine what percent of
variables such as degree and direction of slope, moisture content, percent of fines and
temperature contribute to cracking in the cover soil. The results will decide the effectiveness of
the 10 to 15 feet of cover soil and either encourage renovation or promote this design to other

landfills with clay covers/liners.
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Figure 1: Shear strength of slope.
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Figure 2 (Tecle et al. 2008, 1142): created using the kriging method in order to represent the
spatial variability of volumetric moisture content (a), volumetric methane (b), uniformity

coefficient (c),and percentage of fines (d). The monitoring station locations are also labeled (a).
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Figure 5 (Hartman 2003, 15): is an illustration of a surface flux chamber was provided in

LUSTLine Bulletin.
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