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ABSTRACT 
 
This study examined the diffusive migration of CO2 through simulating interim covers for waste 
containment consisting of a thin geomembrane overlain by cover soil using bench-scale diffusion 
column tests. Tests were conducted with four different types of GMs including a co-extruded 
geomembrane (GM) comprised of a thin inner layer (0.05 mm) of ethylene-vinyl alcohol 
(EVOH) sandwiched between two layers of linear low-density polyethylene (LLDPE), a 0.10-
mm-thick polyethylene (PE) sheet, a 0.76-mm LLDPE GM, and a 0.76-mm polyvinyl chloride 
(PVC) GM. The diffusion coefficients of CO2 through PE, LLDPE, PVC, and co-extruded 
EVOH were calculated as 8.43×10-11 m2⸱s-1, 5.67 ×10-11 m2⸱s-1, 3.65 ×10-11 m2⸱s-1, 0.08 ×10-11 
m2⸱s-1, respectively.  
 
INTRODUCTION 
 
Interim covers with geomembranes (GMs) are being used with increasing frequency to control 
emission of greenhouse gases (GHGs) from municipal solid waste (MSW) landfills (LFs). GMs 
have been used in LF operations for decades to control the flux of liquid and gaseous 
contaminants. GMs are thin, polymeric materials that are typically used together with a soil layer 
or geosynthetic clay liner (GCL) to minimize gas emissions from LFs to the receiving body. 
However, GMs are not completely impermeable; in other words, they still allow gas emission 
through diffusive mechanisms. Many different GMs including polyethylene (PE), high-density 
polyethylene (HDPE), linear low-density polyethylene (LLDPE), very low-density polyethylene 
(VLDPE), polyvinyl chloride (PVC) can be used in a variety of applications. Furthermore, GMs 
can be coextruded with different polymers (e.g., HDPE/VLDPE/HDPE) to provide better 
resistant against contaminant migration (Rowe et al. 2004). These polymeric materials may be 
used as a liner barrier, daily cover, interim cover, or final cover in geoenvironmental 
applications.  

For an interim cover with an intact GM, gas transport occurs primarily by diffusion 
(Haxo 1990; Haxo and Pierson 1991; Pierson and Barroso 2002; Stark and Choi 2005), with the 
rate of diffusive transport controlled by physical characteristics of permeant fluid (e.g., 
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solubility, diffusivity), driving forces which depends upon the concentration or vapor pressure 
gradient across the membrane, and the properties of the geomembrane (Haxo et al. 1984). For 
example, tests conducted by Stark and Choi (2005) showed that gas transport of methane was 
highest for a LLDPE GM, intermediate for a PVC GM, and lowest for a HDPE GM. Among the 
commonly used plastic resins, PVC and EVOH are polar resins and PE and LLDPE are non-
polar resins. The more polar the molecule, the lower the transmission rate of polar and non-polar 
gases, thus enhancing barrier performance. Therefore, polar EVOH and PVC are expected to 
show higher resistance against non-polar gases such as nitrogen, methane, and carbon dioxide 
due to polarity of the alcohol group and chlorine element in the polymers 

In this preliminary study, column tests were conducted to evaluate CO2 transport in 
simulated interim covers comprised of a GM overlain by a thin layer of silt.  Tests were 
conducted with a co-extruded GM comprised of a thin (0.04 mm) layer of EVOH sandwiched 
between an outer jacket of LLDPE as well as a thin PE sheet and conventional LLDPE and PVC 
GMs. Comparisons are made between the covers with different GMs in terms of gas 
breakthrough times and relative concentrations. Moreover, finite difference method was used to 
simulate the transport mechanism. Based on the analysis diffusion coefficients of CO2 for 
different GMs were obtained. 

 
BACKGROUND 

 
Gas Transport Through Soil and Geomembrane. Gas transport through non-porous 
geomembranes is defined by three major transport mechanisms:  

1. diffusive flow of gas,  
2. convective flow through pores and small channels (e.g., cracks, pinholes) and  
3. concurrent operation that combines the above mechanisms (Stark and Choi 2005; 

Frisch 1956; Mark and Gaylord 1964; Mulder 1991).  
Depending on the steady-state flux of a permeant, gas diffusion in porous media, such as soil, 
can be calculated by Fick’s first law: 
                                                         𝐽𝐽 = −𝐷𝐷𝑒𝑒

𝜕𝜕𝜕𝜕𝑔𝑔
𝜕𝜕𝜕𝜕

                                                                  (Eq 1) 
 
where J is diffusion flux (g⸱cm-2⸱s-1); C is the permeant concentration (g⸱m-3); z is the position, 
measured perpendicularly to the unit cross sectional area (m); De is the diffusion coefficient or 
diffusivity (m2⸱s-1). As may be observed, the concentration gradient is a function of mass flux 
and the diffusion coefficient.  

Typically low permeability barrier systems are used to minimize contaminant transport in 
MWS LFs. LF barrier (both liner and cover) systems retard the migration of contaminations in 
LF gases including CO2 (a major GHG) to the surrounding environment. Specifically, LF cover 
systems are intended to serve a number of functions including moisture control, gas migration 
management, and reduction of nuisance odors. There are several types of covers systems used in 
LFs (e.g., interim, intermediate, final covers). At present, interim covers with GMs are being 
used with increasing frequency to control emission of GHG and odiferous gases from MSW LFs. 

EVOH GMs are already providing practical solutions to LF owners in the US that have 
been subject to class action lawsuits due to complaints for noxious odors by the residents living 
near these LFs. GHG mitigation and odor control using geosynthetic products such as co-
extruded EVOH would apply not only to interim covers used in the MSW industry, but also to 



1060 
 

other industries such as floating covers for animal waste biodigesters in the beef, pork and 
poultry industry.   

EVOH is a random copolymer of ethylene and vinyl alcohol that includes polar hydroxyl 
(−OH) groups. Because the monomer mainly exists in the EVOH, the copolymer is prepared by 
polymerization of ethylene and vinyl acetate to provide the ethylene vinyl acetate (EVA) 
copolymer, followed by hydrolysis (Lagarón et al. 2001; Armstrong 2011). EVOH copolymer is 
classified by the mole percentage of ethylene—lower ethylene content grades enable reduced gas 
transport; higher ethylene content grades require lower temperatures for extrusion. Eq. (2) 
describes the chemical formula of EVOH: 
 

  
                                                                       (Eq 2)           

                                
A multilayer GM produced with a layer of EVOH has the potential to substantially 

reduce the diffusion of greenhouse gas and odiferous gasses. Polar EVOH has outstanding 
barrier properties to reduce non-polar gas transport (such as oxygen, nitrogen, helium) due to 
polarity of the alcohol group in the polymer. Hence, co-extruded EVOH GM is expected to allow 
less migration of CO2 through interim covers employing the GM.  
 
MATERIALS AND METHODS 
 
Diffusion Column Test. Diffusion column tests were conducted to evaluate CO2 transport in 
simulated interim covers comprised of a geomembrane overlain by a thin layer of silt. Transport 
characteristics of GMs were compared based on CO2 breakthrough times and relative 
concentrations.  
 Figure 1 shows a schematic and a picture of the experimental setup for the column tests. 
Aluminum tubing was used to construct the columns (200-mm tall, 155-mm diameter). The 
columns were divided into upper and lower reservoirs, with the GM placed at the joint between 
the reservoirs. Two rectangular polytetrafluoroethylene (PTFE) gaskets were installed on the top 
and bottom of the GM to seal and minimize loss of gasses (i.e., CO2) through the joint. A 60-
mm-thick layer of air-dried silt was placed on top of the geomembrane and lightly compacted to 
simulate conditions where cover soil is placed over the geomembrane for protection and 
anchorage. 

Gas entered the bottom of the column and migrated upward. The gas source in the bottom 
chamber was supplied at 10 kPa to simulate typical conditions existing within a waste mass prior 
to installation of an active gas management system (Czepiela et al. 2003; Benson et al. 2012). 
Gas sampling ports with septa were installed in the influent and effluent reservoirs and stirrers 
were used in the reservoirs to maintain well-mixed conditions. Two sampling ports were 
installed to the upper reservoir—one for gas extraction and the other for air injection to maintain 
constant pressure. Gas concentrations in both reservoirs were measured at regular intervals. The 
column temperatures were maintained at 23 °C ± 0.5 °C.  
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Figure 1. (a) A schematic and (b) picture of CO2 column tests set-up. 
 

(a) 

(b) 
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Geomembranes. Four types of geomembranes (GMs) were used in the tests:  a co-extruded GM 
(0.76 mm) with a thin (0.04-mm) layer of EVOH sandwiched between a jacket of LLDPE as 
well as conventional single-polymer sheets.  

The co-extruded GM was produced by Raven Engineered Films, Inc. (South Dakota, 
USA) using EVOH with 3.5% CaCO3 of inert filler supplied by EVAL-Kuraray Ltd. (Texas, 
USA). A schematic and photo of the co-extruded EVOH GM is shown in Figure 2. The 0.76-
mm-thick PVC and LLDPE GMs were supplied by GSE Inc. (Texas, USA) and the 0.1-mm-
thick PE sheet was supplied by Huesker, Inc. (North Carolina, USA). 

 
Figure 2. (a) Cross sectional schematic of 0.76-mm co-extruded EVOH GM (not to scale) 
and (b) photograph of cross-section of 0.76-mm co-extruded EVOH GM used in column 

tests. 
 

RESULTS AND DISCUSSION 
 
The lowest and highest relative concentrations of CO2 were obtained for the EVOH GM and for 
the PE sheet, respectively. CO2 concentrations in the upper reservoir also increased more rapidly 
for the simulated interim cover with the 0.1-mm-thick PE sheet relative to all other GMs. The 
diffusion coefficient of CO2 through PE was approximately 100 times lower than that through 
co-extruded EVOH. Table 1 summarizes the diffusion coefficient of CO2 through the GMs and 
geofilm. EVOH is defined by the mole percentage of ethylene—lower ethylene content grades 
have superior barrier properties, which means higher vinyl alcohol contents; grades with higher 
ethylene content are more flexible. Polar EVOH has high resistance to diffusion of non-polar 
organic compounds due to a highly ordered crystalline structure interspersed with disordered 
amorphous regions (Zhang et al. 2000; Byun et al. 2007; McWatters and Rowe 2010, 2011). 
Hence, co-extruded EVOH GM is expected to allow less migration of organic compounds 
through composite covers employing the GM. The test results from this study indicated that 
EVOH is the most efficient at reducing the diffusive mass flux of CO2 through a cover system. 
 

Table 1. CO2 Diffusion Coefficients for each GM used in Study 
Geomembranes Diffusion Coefficient (Dg) ( × 10-11 m2⸱s-1) 

PE (0.1-mm) 8.43 
LLDPE (0.76-mm) 5.67 

PVC (0.76-mm) 3.65 
Co-extruded EVOH (0.76-mm) 0.08 

(a) (b) 



1063 
 

CONCLUSION 
  
Diffusive transport of CO2 through different simulated GMs overlying a thin layer (60-mm) of 
cover soil was evaluated in this study. The covers employed a co-extruded GM containing a 
layer of EVOH, a thin PE sheet, or commercially available LLDPE and PVC GMs. Bench-scale 
diffusion column tests have successfully measured the diffusion coefficients of polymeric GMs.  

Test results presented herein demonstrate that the diffusion coefficient for CO2 through 
co-extruded EVOH GMs is lower than those through an LLDPE, PVC GMs, and PE sheet than 
the CO2 diffusion coefficient for PE sheet. The hierarchy of the CO2 in terms of the highest 
relative concentration to the lowest was PE > LLDPE > PVC>> EVOH GM. 
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