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ABSTRACT 

The integrity of unconventional shale gas well casings positioned 
in the abutment pillar of a longwall mine could be jeopardized by 
longwall-induced deformations. Under such scenarios, the surrounding 
fracture networks could provide pathways for gas flow into the mine 
creating safety concerns. To provide recommendations for developing 
guidelines that ensure a safe co-existence of longwall mining and 
unconventional shale gas production, this study evaluates the impact 
of parameters that could affect potential shale gas flow into the mine in 
the event of a casing breach using a discrete fracture network (DFN) 
model. These parameters are evaluated using a conceptualized DFN 
realization that is representative of the fractured zone in the 
overburden, and the range of parameter variations are within values 
validated with field measurements. The results show that a decrease in 
fracture aperture (potentially due to longwall-induced stress in the likely 
vicinity of the breach location) reduces the potential gas flow to the 
mine by a significantly higher proportion. A 50% decrease in the 
aperture of the fracture that directly transports the gas from the casing 
breach location reduces the gas flow to the mine by over 70%. 
Similarly, changes in the fracture water saturation level significantly 
affect the gas flow. In all cases, the potential gas flow to the mine is 
higher if the casing breach occurs at an increased gas well pressure. 
These findings provide critical information regarding the impact of each 
of the parameters associated with gas flow in the event of a shale gas 
casing breach near a longwall mine and could help towards the 
development of guidelines to ensure a safe coexistence of both 
industries.  

INTRODUCTION 

Due to the recent boom in the U.S. energy industry, there has 
been a significant increase in the number of shale gas wells in 
Pennsylvania, West Virginia, Ohio, Virginia, and Tennessee. Though 
these wells are targeting the Marcellus shale resource at depths 
varying from 1,500–2,700 m [1], they penetrate through different coal 
seams at shallower depths. Figure 1 illustrates a mine site coexisting 
with shale gas well production in Southwestern Pennsylvania. As 
shown in Figure 1, the shale gas well penetrates through the two coal 
seams in the overburden and the Pittsburgh coal seam mining horizon. 
At the mining horizon, it is required that the gas well casing be 
protected by a coal pillar as illustrated in Figure 1 [2]. From the 
longwall mines data in Pennsylvania, mining depths in these regions 
could vary from about 94.49 m to 365.76 m (310 to 1,200 ft) [3]. In 
Belmont County, Ohio, most Pittsburgh coal bed occurrences are 
within 304.80 m (1,000 ft) from the surface [4]. Over the next 10 years, 
many shale gas wells will be mined by the Pittsburgh Seam longwalls. 
Though coal mining and conventional natural gas production have 
coexisted for many years, these unconventional wells are 
characterized with significantly higher-pressure gas. This presents a 
new array of concerns as mining could jeopardize the integrity of the 
casings, which could lead to the release of high-pressured gas into the 
overburden. The original guidance in Pennsylvania for protecting gas 
wells in pillars predated longwall mining in the United States [2]. 

On this subject, the Pennsylvania Department of Environmental 
Protection (PADEP) initiated a call for research to update the gas well 
pillar regulation. Consequently, researchers from the National Institute 

for Occupational Safety and Health (NIOSH) have been assessing the 
impact of longwall-induced deformation on gas wells near longwall 
mines with the intent of providing research-based evidence to prevent 
gas well casing integrity failure. The most likely locations identified for 
a casing breach are along the strong-to-weak rock interfaces present 
at 0–10 m below the mine floor and 0–30 m above the mine roof [1]. 
Similarly, the pillar yield and peak abutment pressure zone could affect 
the gas well casing if the distance between the casing and the edge of 
the gob is within 15.24 m (50 ft). In the event of an integrity failure, 
high-pressure gas from the casing is released in the overburden and 
could flow through the nearby fracture network towards the mine. This 
could increase the risk of a mine explosion or accumulation of methane 
beyond the mandated limits. 

 
Figure 1.  Schematic of a shale gas well casing positioned in the 
abutment pillar of a longwall mine showing the penetration of multiple 
coal seams. 

The likelihood of gas flow from the breach location is dependent 
on the permeability of surrounding strata, which could be highly 
dependent on the in-situ and mining-induced fractures along with pore 
spaces in the rock matrix. Schatzel et al. [5]  observed that 
permeability could increase by 100 to 500 times due to undermining, 
which could imply an increase of hundreds or thousands millidarcy 
depending on the site. It is also likely that the permeability could 
continue to change up to 7 months after mining [5]. These 
observations are mostly related to the strata response to tension and 
compression due to mining-induced deformation, which leads to the 
formation of the caved zone, fractured zone, and continuous 
deformation zone in the gob above the extracted coal. The fractured 
zone provides channels for the gas transport, and their permeabilities 



 SME Annual Meeting 
 Feb. 27 - Mar. 02, 2022, Salt Lake City, UT 
 

 2 Copyright © 2022 by SME 

could be orders of magnitude higher than the rock matrix [6]. 
Therefore, gas transport through fractured rocks is predominantly 
through the fractures with the assumption that the rock matrix 
permeability is negligible. Consequently, numerical modeling using a 
discrete fracture network (DFN) model is often used to predict gas flow 
through fractured rocks. In most cases, it is unrealistic to 
deterministically characterize all the fracture parameters from a site. 
Hence, fracture models are often stochastic with incorporation of site 
data such as fracture sets, orientation, spacing, aperture, and fracture 
heights. On this project, Ajayi et al. [7] developed a stochastic DFN 
model to predict mining-induced permeability based on core log data 
from a site in southwestern Pennsylvania and validated the model with 
field measurements as summarized in Watkins et al. [8]. The aperture 
values for the stochastic DFN model were obtained from a 
geomechanical model conducted for the study site by Khademian et al. 
[9] and used to predict potential gas flow to the mine from a breached 
shale gas well casing. Their findings provided a distribution of gas flow 
based on the statistical distributions of the parameters, such as 
fracture aperture, fracture length, fracture location, and fracture 
orientation. The intent of using a stochastic approach is to model the 
effects of potential variation in fracture parameters in the overburden. 

For example, fracture aperture varies at different heights based 
on the pre-mining, during-mining, and post-mining strata responses. A 
previous study observed that apertures in a shallow longwall mine 
could range from near zero to 1 m, depending on the location and 
orientation of the fractures with respect to the longwall panels [9]. 
Before mining, bedding plane apertures were generally at a higher 
level than the subvertical fractures, mainly due to the higher horizontal 
stresses with a horizontal-to-vertical stress ratio of 3. Apertures of all 
fractures at the center of the panel were minimal because of high 
lateral and vertical compaction due to the caving process and bending 
of overburden layers. Minimum aperture values were also shown 
above abutment pillars because of the longwall-induced pillar stress 
concentration after mining the panels. The maximum apertures in all 
fractures were observed at the edge of panels due to bedding plane 
separation and caving of the roof. From these observations, it can be 
inferred that some of the parameters that affect the aperture of 
fractures at a longwall site are in-situ stress magnitudes and 
orientations, natural fracture geometries and apertures before mining, 
panel width, mining height, pillar dimensions, and mechanical 
properties of overburden rock layers. The orientation of natural and 
induced fractures with respect to the principal stresses and mining 
direction contribute to the stress concentration on fracture planes and 
thus their apertures. Panel and pillar geometries, the caving process, 
overburden deformations, and induced stresses are factors that can 
influence fracture apertures. Rock mechanical properties such as 
elastic modulus mainly define rock deformation and thus fracture 
apertures under a given stress level.  

The stochastic DFN modeling approach replicates the variation of 
these parameters. However, for the objective of developing mitigation 
strategies, it is important to understand the impact of each fracture 
parameter on a potential gas flow to the mine. Therefore, this study 
utilizes a deterministic approach to develop a conceptualized DFN 
model that is representative of the typical fracture network in the 
overburden. This does not represent a real-world fracture network, but 
it is a simplified conceptual model that captures some of the important 
aspects of the problem, and it is used as a testbed to investigate the 
impact of select parameters. The parameters include fracture length, 
fracture aperture, fracture water saturation level, and methane 
generation in adjacent strata. For example, to investigate a parameter 
such as fracture length, a single fracture from the network is selected 
and the length is deterministically varied. A similar approach is used to 
study the impact of fracture aperture. To investigate the impact of 
water saturation, all the fractures in the network are assumed to be 
saturated with immobile water.  

RESEARCH APPROACH 

As described in the Introduction, a conceptualized DFN model is 
developed to conduct a parametric study on the influence of different 
parameters on shale gas flow to the mine in the event of a casing 
breach. Figure 2 shows a representation of the conceptualized DFN 

model with all the fracture ends numbered and identified as nodes. 
This is based on the approach presented by Priest [10] for flow through 
discontinuities and also used in a prior study by Ajayi and Schatzel 
[11]. The model shows 10 external nodes (1–10) along with 9 internal 
nodes (11–19). 

 
Figure 2.  A representation of the conceptual/deterministic discrete 
fracture network (DFN) used for this study. The arrow indicates the 
breach location. Nodes 1-10 are external nodes of the fracture network 
and nodes 11-19 are internal nodes of the fracture network. 

Impact of Overburden Gas Generation 
At a study site in southwestern Pennsylvania, a geomechanical 

study observed lateral overburden movement (perpendicular to the 
direction of mining) of 17 cm (6.69 in) at the Sewickley coal horizon 
and 4 cm (1.57 in) at the Uniontown coal horizon in the overburden 
[12]. Meaning, the coal seams in the overburden are some of the most 
likely locations predicted for a casing breach, primarily along the 
interfaces between weak and strong strata. This is also dependent on 
distance between these interfaces and the mining horizon. If there is a 
breach at a stratum with in-situ gas generation, the induced pressure 
and concentration difference could also facilitate the transport of strata-
generated gas such as methane. Ajayi and Schatzel [13] established 
that the gas flow trend could change due to the presence of gas 
generated along the fracture path. In order to investigate the impact of 
gas generation within the nearby strata, this study uses the equation 
derived by Ajayi and Schatzel [13] for gas flux, J (𝑘𝑘/𝑚2𝑠), through a 
single fracture [13]:  

 𝐽(𝐿) =  µ 𝑐𝐿 −  Ɣ 𝑐𝑜  +  𝑞 𝜉 (1) 

In Equation 1, 

µ =  
𝑢 

1−  𝑒𝑢𝑢 𝐷⁄  ,Ɣ =  
𝑢𝑒𝑢𝑢 𝐷⁄

1 −  𝑒𝑢𝑢 𝐷⁄  , 𝑎𝑎𝑎 𝜉 = 𝑞 �𝐿 −  
 𝐿

 1 −  𝑒𝑒𝑢𝑢 𝐷⁄ −  
𝐷
𝑢𝑖−𝑗

�. 

where 𝑢 is the gas velocity (m/s), 𝑐 is the gas concentration (𝑘𝑘/𝑚3), D 
is the gas diffusion coefficient through the medium (𝑚2/𝑠), and 𝑞 is the 
stratum’s gas generation rate (𝑘𝑘/𝑚3𝑠). For a fracture of length, L (m), 
𝑐(0) = 𝑐𝑜 and 𝑐(𝐿) = 𝑐𝐿. 𝑞 represents gas generation from the strata 
into the fracture or could be further described as gas flux per unit 
aperture from the wall of the fractures. The gas flow velocity, u in 
Equation 1, is derived from cubic law using the pressure heads derived 
in Equation 2. 

 𝑢 = −  𝜌𝜌 𝑏2  
12 µ 𝐿

 𝛥𝛥 (2) 

𝛥𝛥 is the pressure head difference between both nodes, 𝜌 is the 
density of fluid (𝑘𝑘/𝑚3), 𝐿 is the length of the fractures (𝑚), 𝑏 is the 
fracture aperture (𝑚), 𝑔 is the acceleration due to gravity (𝑚/𝑠2), and 
𝜇 is the dynamic viscosity (𝑁𝑁/𝑚2). By applying mass balance at the 
internal nodes, a system of equations is formed as Equation 3 (see 
APPENDIX): 

For ease of comparison on the impact of gas generation within 
the strata in the overburden, a dimensionless flux approach is 
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developed by re-deriving Equation 1 into a dimensionless form using 
advection flux (𝑢 𝑐∞): 

 𝐽∗(𝐿) =  �𝑐𝐿
∗−𝑐𝑜∗  𝑒𝜑1− 𝜑2

1− 𝑒𝜑1
�    +  𝜑2  −  𝜑2

𝜑1
     (4) (4) 

The dimensionless parameters in Equation 4 are: 

 𝜑1 =  𝑢𝑢
𝐷

, (5) 

 𝜑2 =  𝑞 𝐿
𝑢 𝑐∞

, (6) 

𝜑1 is Peclet number, which is a parameter that characterizes transport 
due to advection compared to diffusion. 𝜑2 is derived for this study and 
defined as the Fract_gen number. 𝑐∗ is a dimensionless shale gas 
concentration defined in this study as 𝑐 𝑐∞⁄ , where 𝑐∞ is a fixed gas 
concentration that could be used to characterize the flow. For a 
specific site, 𝑐∞ could be used to represent the maximum gas 
concentration at an infinite distance. However, for the purpose of this 
parametric study, no site-specific value is required.  

Impact of Fracture and Gas Flow Parameters 
This section discusses the method used to quantify the impact of 

shale gas pressure, fracture water saturation level, fracture length, and 
fracture aperture on shale gas flow to the mine using the defined 
fracture network in Figure 2. Gas flow through the fractures is modeled 
using cubic law:  

 𝑄 = −  𝜌𝜌 𝑏3 𝑤 
12 µ 𝐿

 𝛥𝛥 . (7) 

Here 𝑄 is the volume flow rate (𝑚3/𝑠), and 𝑤 is the fracture height 
assumed to be 1 m for this two-dimensional model. Several studies 
have predicted a critical Reynold’s number (𝑅𝑅𝑐), beyond which the 
assumptions for cubic law are not sufficient and the flow could 
transition to nonlinear flow. This is highly dependent on the fracture 
roughness, and a range of 1-2300 has been derived for the critical 
Reynolds number with several upper limits within this range. Another 
study shows that the cubic law accurately predicted non-Darcian flow if 
inertial effects are limited and the fracture flows with the Forchheimer 
number are < 1.30 [14]. This is a subject that requires more research, 
but it is not the focus of this work. So, based on available information, 
the critical Reynold’s number used for the validity of this model is 2300. 
Hence, it is expected that 𝑅𝑅𝑐 < 2300.  Considering a unit fracture 
width, the critical pressure gradient (∇𝑝𝑐) required to meet the 2300 
critical Reynold’s number is derived as: 

 ∇𝑝𝑐 <  2300 ×12 ×𝜇2

𝜌 𝑏3 
 . (8) 

For a mean aperture of 1 × 10−4 𝑚 surrounding the pillar, the 
critical pressure gradient (∇𝑝𝑐) for the methane model is ≈ 5.0909 ×
106 𝑃𝑃/𝑚. So, for a 5-m-long fracture, the critical pressure is   ≈
25.5 𝑀𝑀𝑀 (3698 𝑝𝑝𝑝). Therefore, the range of gas pressures 
considered in this study (2.4 MPa (350 psi) – 20.7 MPa (3000 psi)) is 
lower than the critical pressure. To predict the gas flow, mass 
conservation is applied at each of the internal fracture nodes with the 
assumptions that the pressure head at the boundary nodes is known 
while the internal nodes are unknown. Using the fracture network in 
Figure 2, the total gas flow to the mine is the sum of flow through 
fractures 12–10 and 13–9. Applying mass balance at the internal 
nodes: 

 𝑄𝑖−𝑗 = 𝐶𝑖−𝑗  �𝐻𝑗 − 𝐻𝑖�, (9) 

where 𝐶𝑖−𝑗, the fracture conductance is: 

 𝐶𝑖−𝑗 =  
𝜌𝜌 𝑏𝑖−𝑗

3  𝑤 

12 µ 𝐿𝑖−𝑗
 (10) 

Equation 11 (see APPENDIX) shows the system of equations 
derived by applying Equation 9 to the defined fracture network and 
used for predicting the pressure head of the internal nodes. 

Where 𝑑𝑖−𝑗 =   𝐶𝑖−𝑗 𝐶𝑠𝑠⁄ .  𝐶𝑠𝑠 is the sum of all conductance for 
fractures connecting to node  j using the approach elucidated by Priest 
[10]. Fractures in the Northern Appalachian Basin are often saturated 

with water, which could have an impact on the gas flow. Kissell and 
Edwards [15] studied gas flow in coalbeds and observed that methane 
emission increases as the fracture water saturation level decreases. 
Therefore, this study investigates the impact of water saturation on gas 
flow to the mine. This is a two-phase flow model, but it is further 
simplified by assuming that the fractures are filled with immobile water. 
With this assumption, the water pressure head difference between the 
two fracture nodes is approximately zero and the water flow is zero 
(𝑄𝑤 = 0). Based on this approach, the gas flow equation from the cubic 
law is expressed as:   

 𝑄𝑔  = −  𝜌𝜌 𝑏𝑔3 𝑤 

12 µ 𝐿
 𝛥𝛥 . (12) 

In Equation 12, 𝑏𝑔 is the aperture value available for gas flow, and 
it is a fraction of the total fracture aperture. Table 1 presents the base 
parameters for the fracture network in Figure 2. Since methane is the 
main constituent of shale gas, the gas is modeled as methane with a 
density (𝜌) of 0.656 𝑘𝑘/𝑚3 and dynamic viscosity (𝜇) of 1.01 ×
10−5 𝑁𝑁/𝑚2. The aperture used is assumed to be the effective 
hydraulic aperture which represents the aperture that will generate an 
equivalent flow with the same pressure gradient. Therefore, the impact 
of fracture convolutedness is assumed to be negligible. 

Table 1.  Summary of Fracture parameters for the Conceptualized 
DFN Model. 

Node i Node j Length (m) Aperture (m) Base Case 
2 11 18.0 2.5 × 10−4 

12 11 8.0 6.0 × 10−4 
1 11 13.0 1.0 × 10−4 

10 12 15.9 4.0 × 10−3 
14 12 22.8 2.0 × 10−5 
13 12 17.5 6.5 × 10−4 
8 13 17.4 2.0 × 10−4 
9 13 14.2 1.0 × 10−3 

15 14 11.9 9.0 × 10−5 
18 15 13.0 1.0 × 10−5 
16 15 11.9 9.0 × 10−5 
7 16 29.7 9.0 × 10−5 

19 16 22.5 1.0 × 10−5 
3 17 13.0 1.0 × 10−5 
4 17 15.5 1.0 × 10−5 

18 17 12.3 1.0 × 10−5 
5 18 20.0 8.0 × 10−6 

19 18 29.6 1.0 × 10−5 
18 19 29.6 1.0 × 10−5 
6 19 15.3 1.0 × 10−5 

 
RESULTS AND DISCUSSION 

This section discusses the results of the impact of flow 
parameters on shale gas transport to the mine using the 
conceptualized/deterministic DFN model in Figure 2. The impact of gas 
generation along the flow path is studied using a dimensionless flux 
approach as described in Section 2.1. The two dimensionless numbers 
derived in Equations 5 and 6 could be calculated for each fracture 
length in Figure 2. The dimensionless number used to quantify gas 
generation along the fracture path is the Fract_gen number in Equation 
6. From the defined fracture network in Figure 2, the impact of gas 
generation along fracture 11 to 12 is investigated. The Fract_gen 
number is varied by only changing the gas generation rate (q) in 
Equation 6. Figure 3 shows the plot of the dimensionless flux with 
Fract_gen number along fracture 11-12. The plot shows that the gas 
flux is very sensitive to the Fract_gen number. An increase in the 
Fract_gen number increases the dimensionless flux. A 50% increase in 
the Fract_gen number, as indicated in Figure 3, could increase the 
dimensionless flux up to 30%. This implies that the flow of shale gas 
through the fracture network could further enhance the transport of 
gases generated within the fracture network. It also indicates that a 
similar breach could result in a different volume of gas flow to the mine 
based on the geology of the site. 

The pressure of shale gas in the casing is dependent on several 
operating conditions. The operating pressures of most unconventional 
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shale gas wells in the Northern Appalachian Basin are between 1.03 to 
2.41 MPa (150 to 350 psi). In an event where the gas well is shut in for 
repairs or any emergency, the gas pressure builds rapidly up to 20.68 
MPa (3,000 psi). Therefore, the impact of the gas pressure is 
investigated along with the water saturation level as shown in Figure 4. 
It is observed that the gas flow decreases with an increase in the water 
saturation level in the fractures. From the results, a 100% increase in 
the water saturation level could decrease the potential gas flow by 30–
70% as summarized in Table 2. This shows that the presence of 
immobile water in the fractures could help to limit the gas flow. These 
results further support the previous findings on the implications of 
relative permeability with respect to methane transport in mines by 
Kissell and Edward [15]. They observed that a drainage hole drilled 
into the working face of a mine emitted 7,260 ft3/day of methane and 
72 gal/day of water for several days. However, on the sixth day, the 
water level decreased to 48 gal/day, and the methane flow rate 
increased to 7,960 ft3/day. Similarly, Zabetakis observed that methane 
permeability for an older rib was higher than a freshly exposed rib due 
to a decrease in the coal rib water content [16]. 

 
Figure 3.  Plot of dimensionless flux with Fract_gen number. 

Table 2.  Analysis of the Impact of Fracture Saturation Level. 
Water Saturation Level 

(%) 
Approximate Gas Flow Percentage 

Change (%) 
10–20 30 
20–40 58 
25–50 70 

 
Therefore, potential gas flow to the mine could be higher if the 

breach occurs several months after mining (though not anticipated) 
due to a decrease in the fracture water content. Figure 4 also shows 
the impact of varying gas pressure on gas flow. At 0% water 
saturation, the gas flow rates are 32 cfm, 93 cfm, and 278 cfm for 2.41 
MPa (350 psi), 6.89 MPa (1,000 psi), and 20.68 MPa (3,000 psi) gas 
pressure, respectively. A 185% increase in the pressure from 2.41 
MPa (350 psi) to 6.89 MPa (1,000 psi) increased the gas flow also by 
185% (≈32 cfm to ≈93 cfm). Also, a 200% increase in pressure from 
6.89 MPa (1,000 psi) to 20.68 MPa (3,000 psi) increases the gas flow 
by approximately 200% (≈93 cfm to ≈278 cfm). This implies that under 
the same flow conditions, a change in the pressure will generate a 
corresponding change in the gas flow. 

 
Figure 4.  Variation in gas flow with water saturation level. 

Gas flow through the fractures is modeled with the cubic law in 
Equation 12. From Equation 12, the aperture value has a power of 3, 

which shows that the gas flow is highly sensitive to changes in the 
fracture aperture. Therefore, using the defined DFN model in Figure 2 
along with the base values in Table 1, the impact of aperture variation 
on the gas flow is investigated. From Figure 2, one of the critical 
aperture values is the fracture directly connected to the breached 
casing between nodes 2–11. This investigation is conducted using a 
production pressure of 350 psi and a 25% immobile fracture water 
saturation. Figure 5 shows a plot of the gas flow with the aperture 
value at the breach location (nodes 2–11 in Figure 2). The result 
shows that the gas flow increases significantly as the aperture value 
increases. A 100% increase in the aperture of the fracture connected 
to the casing from 1× 10−4 m to 2 × 10−4 m increased the gas flow 
from 0.9 cfm to 7.12 cfm, approximately a 689% increase. Similarly, a 
100% increase in the aperture from 2.4 × 10−4 m to 4.8 × 10−4 m 
increased the gas flow from 12.17 cfm to 81.50 cfm, about a 570% 
increase in the gas flow. This also implies that a 100% reduction in the 
fracture aperture could reduce the gas flow in a similar proportion. 
Therefore, the aperture of fractures near the casing is one of the most 
critical parameters that determines the likelihood of gas migrating from 
a breached casing toward the mine. Hence, recommendations to 
proactively mitigate shale gas flow to the mine (in the event of a casing 
breach) should consider measures to ensure the fracture aperture at 
the center of the pillar (where the casing is positioned) is as low as 
possible. As highlighted in the Introduction, some of the mine design 
parameters that could influence the fracture aperture are the panel 
width, mining height, and pillar dimensions. 

 
Figure 5.  Plot of variation in gas flow to the mine with changes in 
aperture of fracture connected to the casing breach (node 2 in 
Figure 2). 

In Figure 2, the fracture distance from node 2 to node 11 could be 
regarded as the setback distance, the distance from the location of the 
gas well in the pillar to the edge of the panel and is related to the pillar 
dimensions or drill pattern. In the base values for the fracture network 
presented in Table 1, the fracture length is 18 m. At a study site in 
Southwestern PA, the size of the abutment pillar is 38.1 m × 83.82 m 
(125 ft × 275 ft) [7]. Assuming the well is positioned at the center of the 
pillar, the 18-m fracture length is quite representative of the study site’s 
setback distance. To understand the impact of this dimension, Figure 6 
shows the plot of gas flow to the mine with respect to changes in the 
fracture length between nodes 2 to 11, which could also be classified 
as a bedding plane. It is observed that the gas flow decreases with an 
increase in the fracture length due to the pressure loss as the gas 
travels through the fracture network. In reality, changing the 
dimensions of the pillar could affect the aperture size, but for this study 
the apertures are assumed to be constant for all fracture lengths. With 
this assumption, a 100% increase in the fracture length from the 
breach location (nodes 2–11) from 9 m to 18 m decreased the gas flow 
to the mine by about 48% from 26.57 cfm to 13.7 cfm. It is likely that 
the changes could be more significant if the impact of the pillar 
dimension on the aperture is incorporated. However, this study shows 
that the gas flow to the mine could be reduced by the setback distance. 
Therefore, for deeper cover, where it is anticipated that the pillar 
dimensions could be larger, the gas flow to the mine could be lower. 
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According to most of the pillar design methods, the depth of cover has 
a great effect on the size of the pillar. For example, the Choi and 
McCain formula suggests a 4-times increase in the pillar dimension for 
a mine depth increase from 152.4 m (500 ft) to 609.6 m (2,000 ft) [17]. 

 
Figure 6.  Plot of gas flow to the mine with variation in fracture length 
from breach sources (nodes 2–11 in Figure 2 and Table 1). 

CONCLUSIONS 

This study focuses on predicting the impact of parameters that 
could affect gas flow to the mine in the event of a shale gas well casing 
breach. Instead of using a stochastic approach, a 
conceptualized/deterministic DFN model is used to investigate the 
effect of each parameter with the intent of understanding the isolated 
impact of each parameter. A dimensionless approach is used to 
investigate the impact of gas generation along the fracture network 
using a methodology developed in this study. The findings show that:  

i. Methane generation along the fracture network could 
significantly change the overall gas flux to the mine. Hence, 
it is likely that a similar casing breach could generate 
different gas fluxes if there is a gas-bearing stratum along 
the flow pathway. 

ii. The presence of immobile water in the fracture reduces the 
risk of gas flow to the mine by decreasing the proportion of 
the fracture aperture that is available for gas flow.  

iii. Under the same flow condition, a change in the gas pressure 
directly affected the overall gas flow in the same proportion.  

iv. The aperture of the fracture directly connected to the casing 
breach is a very critical parameter that significantly 
influences the gas flow from the breach location. Hence, it is 
suggested that the coal pillars where gas wells are 
positioned should be designed to minimize the aperture of 
mining-induced fractures near the well casing. Similarly, the 
distance from the position of the gas well casing to the edge 
of the panel has an impact on the potential gas flow. 

Overall, these findings provide critical information that could 
contribute to the development of guidelines to proactively mitigate 
potential shale gas flow to the mine in the event of a casing breach.  

DISCLAIMER 

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position of the 
National Institute for Occupational Safety and Health, Centers for 
Disease Control and Prevention. Mention of any company or product 
does not constitute endorsement by NIOSH. 
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