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Abstract. Landfills are a major source of methane emissions contributing to 
climate change. These emissions can be fugitive emissions from capped landfills, 
where hotspots form due to vulnerabilities (e.g., holes, fissures) in the cover. A 
research project investigating the use of “biowindows” for the biological 
oxidation of methane has been initiated by the Université de Sherbrooke. This 
study will examine the performance of geosynthetic drainage composite as a gas 

distribution layer (GDL) and a wicking geotextile as a separation layer between 
the methane oxidation layer and GDL. This study is a pilot scale installation with 
ten 2 m x 2 m biowindows fed directly by landfill gas. As occlusion due to 
moisture retention is a major impediment to gas transport and system efficiency, 
this study examines the inclusion of geosynthetics and their effects on gas 
transport and system efficiency. 

1 Introduction 

Wicking geotextiles have been proposed for road applications as they permit the drainage of 

ponded water in subgrades, reducing porewater pressures and the risk of displacements 

[1](Wicking geotextiles are woven geotextiles that contain fibres that are hydrophilic and 

hygroscopic. These fibres draw water from the surrounding environment to the geotextile, permit 

water migration by gravity, and will release the water through evaporation[2]. While wicking 

geotextiles are primarily used in road construction, their ability to remove pore water from 

adjacent soils can be beneficial for methane oxidation biosystems constructed in landfill covers. 

Landfill cover systems serve two important environmental containment purposes – 

controlling infiltration and controlling the emissions of landfill gases. During decomposition of 
the organic fraction of waste materials, gases are produced as biproduct; this is referred to as 

landfill gas. A major component of landfill gas is methane (CH4), which composes approximately 

50%-60% of gas composition[3]. CH4 is the gas of primary concern as it has a higher global 

warming potential (84 over 20 years) compared to CO2 [3,4]. Collection and treatment of landfill 

gas to produce bioenergy is a common practice while the CH4 concentrations are high enough to 

generate energy. However, even with energy recovery systems in use, the waste management 

sector accounts for over 20% of CH4 emissions in Canada [3,5–9] 

Methane emissions , which can last up to 100 years, from landfills are present during the 

active gas collection period and once gas collection has ceased[10,11]. These emissions can be a 
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result of venting systems and vulnerabilities in the cover. Possible vulnerabilities that would 

result in fugitive methane are access points or cracks that develop in the cover due to displacement 

with time (e.g., tension cracks in compacted clay liners). These vulnerabilities create a 

preferential flow path for gas transport in the low permeability cover materials resulting in 

hotspots of high methane concentrations. 

Biosystems within final cover systems have been developed as a passive method of treating 

landfill gas to oxidize the CH4 to CO2, reducing the global warming potential of the gas to 20-80 

times less than that of CH4, thus decreasing greenhouse gas emissions [3]. Biosystem uses 

methanotrophs naturally found in the environment to oxidize methane for metabolic energy, 

producing CO2, as shown in Equation 1[12].  

 

𝐶𝐻4 + 2𝑂2 → 𝐶𝑂2 + 2𝐻2𝑂    (1) 
 

Biosystems consist of two main parts: a gas distribution layer (GDL) and a methane oxidation 

layer (MOL). The main component in these systems ais the methane oxidation layer (MOL). The 

GDL predominately serves the primary function of distributing the gas along the MOL/GDL 

interface, secondarily as drainage layer to avoid build-up of water from infiltration and created 

by the methane oxidation reaction. 

 

 

Fig. 1. Conceptual model of biowindow system in cover context 

To reduce CH4 emissions from landfills, the installation biowindows within final cover 

systems has been proposed [3]. Biowindows are a term used for biosystems installed to intercept 

landfill gas emissions from hotspots, thus using a pre-existing defect as a preferential flow path 

towards the biosystem. This plan seeks to use existing hotspots to direct methane to the treatment 
system without changing operating conditions. (Figure 1). The proposed design of a biowindow 

is to excavate material located at the hotspot and install a methane oxidation biosystem. It is not 

necessary to completely remove the cover (Figure 1), but rather excavate just enough material to 

install a functioning biosystem. 

Hydraulics of biosystems is an important design consideration as the presence of water will 

occlude gas transport and reduce the available methane for oxidation. Thus, a major concern with 

biosystems is the creation of a capillary break at the interface of the MOL and the GDL. A 

capillary break can form when finer material overlays coarse material causing suction in the finer 

material pores to hold water at a high degree of saturation until a degree of saturation is reached 

where matric suction is reduced to a level that allows the release of the pore water.  This has been 

observed in previous studies of biosystems (13). These types of highly saturated areas of the MOL 
can restrict gas migration. Thus, a parameter of the length of unrestricted gas migration (LUGM) 

has been proposed in the design of these systems[13]. Occlusion is said to occur when the water 

content of the MOL is higher than that of the occlusion water content. The occlusion water content 
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is defined using laboratory tests to measure the water content at which the gas permeability of the 

material significantly decreases (14). Dulac et al (2024) determined the occlusion volumetric 

water contents to be 55% for their MOL compost matrix[13]. 

Current biosystem design methods for biosystems use readily available materials. Gravels 

similar to those used in leachate collection systems are proposed for the GDL, and valorized 

waste materials such as compost mixes are sometimes used for the MOL (10,13). While 

geotextiles have been used in the construction of biosystems, their use has been for the separation 

of layers and not to provide any hydraulic or gas distribution benefit. This project investigates the 

inclusion of geosynthetics in the design of methane oxidation biosystems and their impacts on 

the system hydraulics and methane oxidation efficiency. The present article provides early 

laboratory and field data to develop preliminary conclusions of the benefits of using two different 
combinations of geosynthetics for the GDL from a hydraulics standpoint.  

2 Methods 

An experimental test site was constructed at the Bury landfill (Bury Québec, Canada). The 

site consists of 10 biowindows, where five are constructed using conventional materials for the 

GDL and five are constructed using geosynthetics for the GDL (Figure 2). The biowindows were 

constructed into a simulated cover consisting of clay material meeting the applicable regulations 

for landfill covers [15]. The MOL has a thickness of 1 m. The GDL on the conventional (Conv) 

design side is composed of 0.3 m gravel and with a non-woven geotextile filter to prevent loss of 

fines from the MOL into the GDL. The GDL on the geosynthetics side (Geo) is constructed with 

a geocomposite drain (GCD), Fabrinet DTX (Solmax). The GCD is an 8.4 mm-thick geonet 
sandwiched between two 200 g/m2 nonwoven geotextiles (NW-GTX).  Additionally, a wicking 

woven geotextile (WW-GTX), H2Ri (same company as DTX), was installed above the GCD. The 

subgrade slope where the GDLs were installed was 6%. While this project focuses only on the 

hydraulics of the system, another major research question of the project is the efficacy of the 

GCD as a GDL compared to 0.3 m of gravel. 

 

Fig. 2. Plan view of biowindow test site where biowindows on the left side are denoted as “Geo” 

and biowindows on the right side are denoted as “Conv” 

The WW-GTX has bidirectional highly porous fibres that preferentially wick water. These 

fibres are installed in the cross-machine direction as these materials are typically associated with 

wicking water to the edges of roads. The WW-GTX was installed to align the wicking fibres with 
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subgrade slope, to permit wicking in the direction of flow. This geotextile has been studied by 

(2023)[16]. 

Each biowindow was instrumented with five moisture content sensors (Figure 3). Teros10 

(METER Group) capacitance moisture content sensors were placed at a depth of 90 cm at the 

upslope and downslope edges of the biowindow. While Teros11 sensors (METER Group) were 

placed in the centre of the biowindow at depths of 45 cm, 70 cm and 90 cm. These sensors will 

collect moisture content (Teros 10 and Teros11) and temperature (Teros11) during the project 

testing phase; however, the present paper focuses on data collected from the Teros10 sensors 

only. These sensors have been collecting data since construction (August 2024), and calibration 

developed in-lab using the MOL material has been applied to the sensor readings.  As the data 

collection is occurring prior to the connection to a methane source, moisture content fluctuations 
are a result of precipitation only, not metabolic water generation due to methane oxidation.  

 

Fig. 3. Profile schematics of the three biowindow constructions studied with sensor placement; 

(a) Conv2, (b) Geo2, (c) Geo5 (MOL thickness = 1 m) 

Laboratory investigation of the water retention curve using the NW-GTX from the GCD and 

WW-GTX was conducted using the hanging column method to establish the in-plane wetting 

curve. Dry 500-mm strips of geotextile were wrapped in a plastic wrap to prevent evaporation 

were hung until equilibrium (3 days) with the bottom of the strip submerged in water[17]. After 

equilibrium had been reached, the strips were cut into 20 mm slices to evaluate the gravimetric 

moisture content at varying heights above the free water surface. Suction (𝜓; kPa) was then 

calculated using the following relationship (Equation 2): 

 

𝜓 = ℎ𝜌𝑔    (2) 
 

where h represents the height [m] above the free water surface,  is the density of water (1 Mg/m3 

was assumed), and g is the acceleration due to gravity (9.8 m/s2). For each 20 mm strip, the 

gravimetric water contents (w) were calculated and plotted with the respect to the suction 

calculated for the mid-point height of the section. These plots were then used to propose a residual 

water content (wr) and a normalized saturation (Θ𝑛𝑔) calculated using Equation 3: 

 

Θ𝑛𝑔 =
𝑤−𝑤𝑟

𝑤𝑠−𝑤𝑟
    (3) 

 

where ws represents the saturated water content. Least squares regression was then performed to 
propose van Genuchten (1980) parameters a [1/kPa] and n [-] using Equations 4 and 5: 
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Θ𝑛𝑔 =
1

[1+(𝑎𝜓)𝑛]𝑚    (4) 

𝑚 = 1 −
1

𝑛
    (5) 

3 Results and discussion 

3.1 Laboratory results 

Using the hanging column method, wetting curves were developed for the two geotextiles 

(Figures 4 and 5), and van Genuchten (1980) parameters for the materials are summarized in 

Table 1. 

Table 1. van Genuchten (1980) fitting parameters for the wetting curves of NW-GTX and WW-GTX 

 a n m 

 (1/kPa) (-) (-) 

NW-GTX 5.64 4.18 0.76 

WW-GTX 1.52 2.32 0.57 

 

The wetting curve was the focus of interest as the likelihood of a capillary break forming 

between the MOL and the geotextile is governed by the relationship of the water entry suction 

(𝜓𝑊𝐸𝑉) of the geotextile and the air entry suction (𝜓𝐴𝐸𝑉) of the MOL. As summarized in Table 

2, a soil matrix with a 𝜓𝐴𝐸𝑉 higher than that of the underlying GDL or geotextile will be more 

likely to develop occlusion. 

Table 2. Summary of suction relationships between the MOL and GDL 

𝜓𝑊𝐸𝑉𝐺𝐷𝐿/𝐺𝑇𝑋
<  𝜓𝐴𝐸𝑉𝑀𝑂𝐿

 Capillary break forms, MOL has a higher likelihood of 

occlusion 

𝜓𝑊𝐸𝑉𝐺𝐷𝐿/𝐺𝑇𝑋
>  𝜓𝐴𝐸𝑉𝑀𝑂𝐿

 Moisture migrates from the MOL to the layer below 

 

The experimental results (Figure 4) from the hanging column test of NW-GTX showed that, 

for the ranges of suctions attainable with the testing method, the water contents ranged from ws 

to beyond wr. Using the experimental data and the van Genuchten (1980) parameters developed 

through least squares regression (Table 1), values of 0.47 kPa and 0.085 kPa have been proposed 

for 𝜓𝑊𝐸𝑉  and 𝜓𝐴𝐸𝑉, respectively (Table 3). Experimental results for WW-GTX (Figure 5) show 

that for the suction ranges attainable with the hanging column method, it is unclear whether the 

wr was truly reached, as the characteristic constant stable water content was not observed for a 
wide range of suctions. Using the experimental data and the van Genuchten (1980) parameters 

developed through least squares regression (Table 1), values of 3.3 kPa and 0.26 kPa have been 

proposed for 𝜓𝑊𝐸𝑉  and 𝜓𝐴𝐸𝑉, respectively (Table 3).  

With respect to NW-GTX, the hanging column has significant limitations for developing a 

complete water retention curve, as the suctions available are lower than those required to release 

all non-irreducible water from the geotextile. This means that this method likely underestimates 

the water entry suction and is likely conservative. It is evident that to fully capture the suction 

range of a wicking geotextile, which will preferentially draw moisture from the environment, 

several methods of assessment are required, as shown in [16]. 
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Fig. 4. Experimental and theoretical water retention curve of NW-GTX under wetting conditions 

 

Fig. 5. Experimental and theoretical water retention curve of WW-GTX under wetting conditions 

 

These preliminary findings can be applied to the biowindows to hypothesize the behaviour of 
water at the MOL/GDL interface for a novel construction using a GCD or a GCD overlain by a 

wicking geotextile compared to a gravel GCD. Based on findings from Dulac et al (2024), it is 

expected that the compost material used in the MOL will have 𝜓𝐴𝐸𝑉 values ranging from 0.2 kPa 

to 0.6 kPa (13). If this material overlies a gravel material (𝜓𝑊𝐸𝑉  0.1 kPa to 0.7 kPa, depending 

on the grain size), it is likely that water will be preferentially retained by the MOL until the water 

content is sufficiently high to decrease the suction to lower than the 𝜓𝑊𝐸𝑉 of gravel (Table 3). 

Higher water contents in the MOL will increase the likelihood of  occlusion of the GDL and 

limiting methane migration into the MOL, as observed by[13,18]. The same is likely true for the 

GCD with the non-woven geotextile, as the 𝜓𝑊𝐸𝑉  is lower than that of the 𝜓𝐴𝐸𝑉 of the compost 

material. However, when a wicking geotextile is placed beneath MOL, the value of the 𝜓𝑊𝐸𝑉  is 

at least an order of magnitude higher than that of the compost, thus water will preferentially enter 
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the wicking fibres of the geotextile, and the chances of occlusion can be diminished. Thus, 

inclusion of this type of geotextile has the potential to increase the LUGM in methane oxidation 

systems and increase the oxidation of CH4 to CO2 by the system. 

Table 3. Summary of water entry suctions of gravel, NW-GTX, and WW-GTX compared to air entry 
suctions of MOL material 

 𝜓𝑊𝐸𝑉  𝜓𝐴𝐸𝑉 

Gravela 0.1 – 0.7 kPa - 

NW-GTX 0.47 kPa - 

WW-GTX 3.3 kPa - 

MOLb - 0.2 to 0.6 kPa 

3.2 Preliminary sensor data 

At the time of writing, volumetric water content sensors collected data from 15 August 2024 to 9 
November 2024. During this time, the biowindows have remained uncovered and susceptible to 

infiltration. The sensor data provides a preliminary comparison of hydraulic response of the three 

MOL/GDL interface conditions (Figure 6). Conv2, Geo2, and Geo5 (Figure 2) have been selected 

as they are positioned closest to the downslope edge of the experimental test site with the only 

difference being interface MOL/GDL interface (Figure 3). 

During this preliminary monitoring period, the following trend was observed for in the 

downslope sensors: 𝜃𝐺𝑒𝑜5> 𝜃𝐺𝑒𝑜2> 𝜃𝐶𝑜𝑛𝑣2, with Geo2 and Geo5 showing higher moisture 

contents than their upstream counterparts. This is to be expected as moisture will migrate from 

high head to lower head and collect on the downslope edge. However, Conv2 did not show this 

trend, as the volumetric water content of the upslope sensor often surpassed that of the downslope 

sensor, and the mean values were nearly equal with values of 35.0% (downslope) and 35.2% 
(upslope). In contrast, the differences of the means were more pronounced for Geo2 and Geo5, 

with values over 5% and 14%, respectively. 

 

Fig. 6. Volumetric water content with respect to date (2024) as recorded by Teros10 sensors 
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Table 4. Summary of average volumetric moisture contents upslope and downslope for the three 
biowindows 

Biowindow ID  Average 

downslope θ 

Average upslope 

θ 

Geo2 GCD + wicking GTX 37.6% 31.8% 

Geo5 GCD only 46.0% 32.6% 

Conv2 0.3 m gravel + separation 

GTX 

35.0% 35.2% 

 
The hydraulic responses of the different constructions can impact the methane oxidation 

efficiencies. As a more uniform response was exhibited along the length of Conv2, one concern 

is that water content will increase uniformly while methane oxidation occurs due to the metabolic 

water produced in the reaction (Equation 1), resulting in a uniformly occluded biowindow. In 

contrast, Geo2 and Geo5 exhibit the expected higher moisture contents at the downslope edge, 

but the upslope edge has lower moisture contents, as measured by the sensors. This suggests that 

with the addition of metabolic water produced by the methane oxidation reaction, there will be 

more occlusion at the downslope edge, but upslope may remain below the occlusion threshold 

and allow the migration of gas to the MOL, increasing efficiency. Currently, these are 

hypothesized responses and need verification through analysis of gas concentrations at varying 

depths in the biowindows and flux chamber measurements.  

4 Conclusions 

Based on experimental data and sensor data from the field site, the following preliminary 

conclusions are proposed: 

1. Preliminary results of water retention curves indicate water entry value for the wicking 

geotextile is 3.3 kPa compared to 0.47 for the non-woven geotextile present in the GCD. 

When in contact with the compost layer, the wicking geotextile will be able to pull water 

from the compost layer, potentially reducing the LUGM. 

2. Sensor results from the experimental test site show that MOL/GDL interface 

construction creates a varied hydraulic response in the MOL layer. Notably, the 

conventional construction with MOL/GTX/gravel produces a uniform moisture content 
along the length of the biowindow. In contrast, for the GDL constructed using 

geosynthetics, higher moisture contents were recorded at the downslope edges of the 

biowindows, while there was decreased moisture contents recorded at the upslope edges 

of the biowindows. This indicates that the geosynthetics GDL constructions may 

increase the LUGM and increase methane oxidation efficiencies. 

These results are preliminary, and further testing will be performed to evaluate the 

performance of the materials in the context of the methane oxidation system. 
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