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Abstract: In the steeply inclined and extremely thick coal seams (SIETCS) mined using the horizontal 17 
sublevel top-coal caving (HSTCC) method, the uncertainty of gas emission is a safety threat to the 18 
mining operations. In order to reduce the occurrence of accidents, the determination of gas emission 19 
is crucial. In this paper, we first proposed a prediction model for workers at the floor coalbed to 20 
calculate gas emission on site. We then put forward a finite element numerical simulation for 21 
researchers to predict gas emission from the floor coalbed. At last, we measured gas emitted from the 22 
floor coalbed of SIETCS in Wudong Coal Mine in a specific mining period and used the data to verify 23 
the applicability and accuracy of these two gas-emission prediction methods. The results showed that 24 
the gas emission from Wudong Coal Mine was 1.08 m3/min calculated based on the prediction model 25 
and 1.07 m3/min obtained using the user-defined integration method. Both methods have their own 26 
advantages, disadvantages and applicable objects, and are important in predicting gas emission from 27 
SIETCS mined using HSTCC method. 28 

Keywords: steeply inclined and extremely thick coal seam; horizontal sublevel top-coal caving; gas 29 
prediction; numerical simulation 30 

1. Introduction 31 

Gas emission can cause serious accidents in coal mines and adversely impact the safe production 32 
of coal [1-2]. Therefore, the daily monitoring and analyzing the gas emitted from mining face is 33 
important for the safe production and management of coal mines [3,4]. Because the fully-mechanized 34 
coal mining has high mining intensity, high mining speed and unique mining-induced gas emission 35 
and migration, it is important to accurately determine the amount and migration characteristics of 36 
emitted gas for improving the safety of coal production. So far, it is widely accepted that gas in the 37 
mining face is mainly originated from coal walls, falling coals, goaf and their adjacent coalbeds [5–8]. 38 

Statistical data have indicated that steeply inclined and extremely thick coal seams (SIETCS) are 39 
mined in more than half of the coal mines in the western provinces of China. The reserve of SIETCS 40 
in the Urumqi coalfield located in the southern Junggar Basin, Uygur Autonomous Region of 41 
Xinjiang, China, is about 3.6 billion tons, accounting for more than 25% of the total reserve of the 42 
same kind of coal in entire China [9]. These SIETCS have very complicated structures and are 43 
extremely difficult to mine. At present, SIETCS are commonly mined using the fully mechanized, 44 
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horizontal sublevel top-coal caving (HSTCC) method. Wudong Coal Mine, which is considered a 45 
representative of this kind of coal mines, along with more than ten others, has been mined by this 46 
method. The conventional mining method has many disadvantages such as large mining/caving 47 
ratio, great difficulty in roof control, desorption and migration of released gas from the coalbed, more 48 
residual coals in the goaf, and use of coal seam as the coalbed of the mining face. All of them together 49 
greatly increase the difficulties in preventing and controlling gas emission in the mining face, which 50 
frequently result in the occurrence of gas outbursts. However, when the fully mechanized HSTCC 51 
method is applied, these disadvantages become more severe. 52 

In recent years, many researches have made great efforts to predict the amount of gas emitted. 53 
Permeability of coal seam gas is stress/desorption dependent and may change during the lifetime of 54 
the gas reservoir. Salmachi et al. [10,11] studied the permeability change of ultra-deep coal seams in 55 
the Cooper Basin by analyzing the transient gas pressure. The pore and fracture structures in the 56 
coals are important for gas migration and storage. Wang et al. [12] analyzed pore structure and gas 57 
permeability using three-dimensional (3D) reconstruction of CT images. Bi et al. [13] combined the 58 
linear and nonlinear fitting algorithms to predict gas emission. Saghafi et al. [14] and Wang et al. [15] 59 
proposed that stress, gas pressure and coal properties are the main factors affecting gas emission, 60 
based on which, Cheng et al. [16] established a dynamic gas emission prediction model. Yang et al. 61 
[4] mapped the time series of gas emission on the polar coordinates and predicted gas concentration 62 
in the mining face in an intuitive and concise manner. In addition, other models such as the partial 63 
correlation analysis and support vector regression model proposed by Yang [17] and the gray 64 
prediction model with fractional order accumulation proposed by Wu et al. [18] also obtained good 65 
prediction results. Tutak et al. [19] presented the methodology of using artificial neural networks for 66 
predicting methane concentration in one mining area. However, these models are all aimed at coal 67 
mines extracted by the conventional mining operations, not suitable for SIETCS. When applying 68 
HSTCC method, estimation of gas emission from the lower segments toward the mining face using 69 
the above models is difficult and inaccurate. Therefore, new models are needed to predict gas 70 
emission from the coalbed of SIETCS mined using HSTCC method. 71 

This paper aimed to develop a prediction model for the amount of gas emitted from the floor 72 
coalbed in Wudong SIETCS mined using HSTCC method. Due to the uncertainty of the amount of 73 
gas emitted from the floor coalbed, we first proposed a prediction model to calculate gas emission on 74 
site and numerically simulated the relationship of gas desorption from the floor coalbed by workers 75 
at mining face. We then put forward a finite element numerical simulation for researchers to predict 76 
gas emission from the floor coalbed. In order to verify the accuracy of gas concentrations obtained 77 
from the two prediction methods, we measured the on-site gas concentrations of both intake and 78 
return airways at the initial coal mining stage, determined gas emission from the floor coalbed, and 79 
applied the measured data into the two models to verify their accuracy and validity. Overall, the 80 
established models can accurately predict gas emission from floor coalbed of SIETCS mined using 81 
HSTCC method and has practical significance for the safe mining of SIETCS. 82 

2. Gas emission prediction model and gas migration equation 83 

2.1. Prediction model for gas emission from floor coalbed 84 

SIETCS have complicated stratum structures and are very hard to mine. In Xinjiang, China, this 85 
type of coalbed is commonly mined using HSTCC method. Since this mining method utilizes solid 86 
coal as its coalbed, the gas emitted from the coalbed is a new source of gas compared with other 87 
methods for thin coalbeds. 88 

In fact, gas emission from floor coalbed is due to pressure release during mining, i.e., gas is 89 
desorbed from the coal seam and released to the mining face. Therefore, gas emission calculated from 90 
the floor coalbed due to gas desorption can be used to predict the gas concentration. 91 
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The amount of emitted gas is positively related to the intensity of gas emission, which is 92 
expressed by the amount of gas emitted from the coal wall per square meter per unit time. The 93 
intensity of emitted gas depends on gas pressure, pore and crack structures, gas adsorption nature, 94 
and spatial conditions. Under certain mining conditions, the intensity of gas emitted from coal wall 95 
is the function of its exposure time. 96 

According to the theory of gas migration in coal and the actual measurement results, the 97 
relationship of the intensity of emitted gas per unit area of the fully mechanized mining face wall to 98 
time is as follows: 99 

0 (1 )V V t                                   (1) 100 

where V0 is the initial intensity of gas emission per unit coal wall area, m3/(m2·min); β is the decay 101 
coefficient of gas emitted from coal wall, min-1; and t is time, min. 102 

The initial intensity of gas emission, V0, is shown in the following equation: 103 
2

0

0

0.026[0.0004( ) 0.16]dafV
V =

W


                        (2) 104 

where Vdaf is the content of volatile matter in coal, %; and W0 is the original gas content in the coal 105 
seam, m3/t. 106 

Let l be the heading distance per production day, m; and u is the average heading speed of the 107 
mining face, m/min. Taking the time of a day as t=l/u, min, V is the intensity of gas emission from per 108 
unit coal wall area within t, m3/(m2·min), the amount of gas emitted per unit coal wall area 109 
accumulated in this time interval is: 110 

0
q

t

Vdt                                   (3) 111 

Joining Eqs. (1) and (2) can find the absolute amount of gas emitted as follows: 112 

 
1

0

1+t 1

1 1
q V



 

 
  
  
 

                            (4) 113 

where q is the accumulated amount of gas emitted from per unit exposed coal body area at the 114 
moment t, m3/m2.  115 

Hence, the absolute amount of gas emitted from the coalbed can be found as  116 
q S

Q=
t

 .                                     (5) 117 

Assuming that the exposure length and the mining face the length in one working day are l and 118 
w, respectively, so the effective exposure area after mining is S=l*w in the time t=l/u. Bringing both of 119 
them into Eq.(4) can find the following equation: 120 

 
1

0

1+t 1

1 1
Q w u V



 

 
    
  
 

                          (6) 121 

Bringing those coalbed’s characteristic parameters listed in Table 1 into Eq.(6) may find the 122 
predictive amount of gas emitted from the floor coalbed of the mining coalbed to be 1.0802 m3/min. 123 

2.2. Model development of binary gas transport 124 

2.2.1. Mechanical balance equation 125 

In order to study the effective stress of gas in the coal seam, we first numerically simulated the 126 
redistribution of mining-induced stress in the working face according to the actual situation of the 127 
Wudong Coal Mine, Xinjiang, China, and then used the boundary coupling method to explore the 128 
effective stress distribution in coal. In the simulation, we took the classic in-situ stress model that 129 
holds two assumptions, i.e., coal reservoir is a uniform, isotropic, and linear elastic material, and its 130 
horizontal strain is constant. 131 
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The overlying strata stress can be obtained by the following finite integral: 132 

0

( )

D

v D gdD                                  (7) 133 

where is the overlying stratum stress, Pa, is the density of the overlying stratum, kg/m3, and 134 

D is the depth of the object coal seam, m. 135 
Without considering the tectonic stress, the horizontal stress mainly comes from the weight of 136 

overlying strata. According to Chen [20], the horizontal stress is described as 137 

 
1

H h v gP


   


  


                       (8) 138 

where is Poisson's ratio, and Pg is the porous pressure, Pa. 139 

The effective stress on the coal seam affects changes in its permeability. The average effective 140 
stress (tensile stress is positive) can be calculated from  141 

) / 3H h v g= + + p    （                          (9) 142 

where is called the effective stress coefficient or Biot coefficient. 143 

2.2.2. Relationship between porosity and permeability 144 

A relationship between gas content and matrix expansion is assumed to be linear and has been 145 
widely used [21-23]. The adsorption-induced volumetric strain can be expressed as follows: 146 

1

L L g

v

L g

P p

P p


 


                                (10) 147 

where is Langmuir train coefficient (dimensionless). 148 

The porosity-based Palmer and Mansoori model or P＆M model [24,25] is described by: 149 

0 0 0( ) ( 1)( )m g g v v

K
c p p

M
                                 (11) 150 

where is the porosity and its subscript, 0, denotes the reference state; cm is the compressibility of 151 

coal, 1/MPa; K is the bulk modulus, MPa; and M is the constrained axial modulus, MPa. 152 
Using the cubic law of porous media [26, 27] can find the relationship between the permeability 153 

and the porosity of coal as follows: 154 

3
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 
 

                     (12) 155 

2.2.3. Equation of gas migration in coal body of the coalbed 156 

Gas migration in a coal seam obeys the law of conservation of mass [28,30], that is,  157 

 
m

0g gq
t




 


                                (13) 158 

where m is the content of gas in the coal, kg/m3; is the density of gas, kg/m3; qg is the velocity of 159 

gas seepage flow in the coal, m/s; and t is time variable, s. 160 
Assuming that gas is an ideal gas, its density and pressure meet 161 

g gp                                     (14) 162 

where is the compressive coefficient, / ( )gM RT  , 3/kg m Pa . 163 

Coal possesses many pores and cracks, where gas exists at adsorbed and free states. The content 164 
of gas in coal seam meets the Langmuir equation and the adsorption and desorption of gas are related 165 
to the pressure of gas in the coal seam. Their relationship can be expressed as  166 

v 





L



g


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 
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                            (15) 167 

where pa is the atmospheric pressure with value of 1.013×105 Pa; 
 
is the density of the coal seam, 168 

kg/m3; VL and PL are two Langmuir constants with units being m3/kg and MPa, respectively. 169 
Free gas subjected to the pressure gradient performs a linear seepage movement in coal, i.e., 170 

obeying the Darcy’s law [31] 171 

 g g g

g

k
q p g z


                                 (16) 172 

where is the dynamic viscosity of gas, Pa·s.  173 

From the above equations, we can obtain the equation of continuity for gas in the adsorption 174 
and desorption processes:  175 

2
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g gs s

g g
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            (17) 176 

3. Numerical simulation of gas seepage in coal 177 

In order to study the desorption and migration behaviors of gas in the floor coalbed and the 178 
mechanism of gas emission from coalbed, we numerically simulated the desorption of gas from the 179 
coalbed and gas relief pressure in coalbed using COMSOL Multiphysics, explored pressure relief 180 
behaviors, and verified the accuracy of the prediction model. 181 

3.1. Geological settings 182 

We used the coal seam characteristics and model parameters listed in Table 1 to numerically 183 
simulate the properties of gas desorption and the absolute amount of gas emitted after coal-seam 184 
mining and pressure relief. As shown in Fig. 1, the solid mechanical boundary conditions are the 185 
upper load σv, and the confining pressures σH and σh. The bottom of the model is set as roller. Under 186 
the mining influence, gas occurrence state of the coalbed changes and its concentration decreases 187 
with the interval of extracted sections. The content of gas of the coal seam gradually increases with 188 
the burial depth enlarging according to the actual gas content of the Wudong Coal Mine. Therefore, 189 
describing the initial gas content of the coalbed at different burial depth in the form of a function 190 
should be more suitable for revealing the actual state of gas occurrence. The surface of the coal seam 191 
exposed after mining is set under the standard atmospheric pressure. Our calculation scheme is 192 
aimed at exploring gas desorption-migration-discharge behaviors at the mining sections of 8 m, 40 193 
m, 80 m and 160 m. The calculation parameters are shown in Table 1. 194 

σv

σH

Overlying strata

Floor strata

Coal seam

160m

100m Horizontal section 25m

σh

100m  195 

s

g
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Figure 1. Schematic diagram of geometric model based on Langmuir theory and the 196 
geological conditions of Wudong Coal Mine. 197 

Table 1. Coalbed characteristics and model parameters. 198 

Parameter and unit Value 

Coalbed dip, ° 45 

Face length, m 45 

Height of horizontal section, m 25 

Decay coefficient, min-1 3.47e-5 

Content of coal volatile matters, % 29.25 

Daily advancing distance, m/d 8 

Langmuir volume of methane VL, m3/kg 0.025 

Langmuir pressure of methane PL, MPa 1.105 

Initial porosity 0.0643 

Initial permeability, mD 0.2837 

Coal’s initial elastic modulus, GPa 3 

Strata’s initial elastic modulus, GPa 16 

Strata’s density, kg/m3 2700 

Poisson ratio 0.29 

Gas’s dynamic viscosity, Pa*s 1.03e-5 

Standard atmospheric pressure, kPa 101 

Molar gas constant, J/(mol*K) 8.314 

Standard temperature, K 273.15 

Gas density at standard conditions, kg/m3 0.71068 

Molar mass of gas, g/mol 16 

 199 

3.2. Simulation design 200 

In order to study the amounts of gas emitted from the coalbed of segmentally exploited coalbed 201 
and reduce the effects of gas from other sources on the prediction results, we chose the coalbed section 202 
adjacent to the ground as our simulation object and ignored gas emission from the roof of the coal 203 
seam. Fig.1 shows the geometric model with physical size of 100 m × 100 m × 160 m based on both 204 
coal seam gas adsorption-desorption form in the Langmuir theory [31] and the geological conditions 205 
of Wudong Coal Mine. 206 

The tetrahedral meshes were selected to enable user-controlled meshing and fluid dynamics was 207 
used to calibrate mesh dimensions. There were 318,030 elements in the entire geometry with averaged 208 
element quality of 0.6767, as shown in Fig. 2 209 

 210 
Figure 2. Calculation model and mesh generation. 211 

3.3. Analysis of effects of coal seam’s burial depth on its gas occurrence 212 

Because mining the upper section of the coal seam changes permeability of the pressure relief 213 
zone, the content of coal seam gas of Wudong Coal Mine increases with the increase of the burial 214 
depth. For this reason, we specifically analyzed the occurrence of gas in the No. 45 coal seam of the 215 
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Wudong Coal Mine based on geological exploration results and actual underground measurements. 216 
Table 2 lists the related gas content data obtained in the No. 45 coal seam 217 

Table 2. Gas content of the 45# coal seam. 218 

Test site and borehole number 
Sample burial 

depth (m) 

Gas content 

(m3/t) 
Notice 

+620 Horiz. 45# coal seam. South lane 

excavation face 1 
160 1.98 Underg.test 

+620 horiz. 45# coal seam. South lane 

excavation face 2 
173 1.4 Underg.test 

+620 horiz. 45# coal seam. South lane 

excavation face 3 
266 3.02 Underg.test 

+500 m Horiz. 43#–45# coal seam. Crosscut 280 5.08 Underg.test 

+500 m Horiz. 43#–45# coal seam. Crosscut 280 6.43 Underg.test 

19-02 499.06 7.02 Geoprospect 

19-04 503.02 7.41 Geoprospect 

23-01 587.04 9.62 Geoprospect 

23-03 589.64 10.16 Geoprospect 

27-02 678.8 10.58 Geoprospect 

27-04 683.04 10.61 Geoprospect 

 219 
Fig.3 shows the content of gas in the pressure-relief coalbeds of SIETCS mined using HSTCC 220 

method is linearly related to the buried depth. Therefore, initial values were interpolated into the 221 
calculation model to describe the occurrence state of gas in the coal seam. 222 

100 200 300 400 500 600 700
0

2

4

6

8

10

12

G
as

 c
o
n
te

n
t 

(m
3
/t

)

Buried depth (m)

Equation y = a + b*x

Weight No Weighting

Residual Sum 

of Squares

9.56072

Pearson's r 0.95865

Adj. R-Square 0.91001

Value Standard Error

B
Intercept -0.39834 0.7649

Slope 0.01653 0.00164

 

 

 223 

Figure 3. Relationship of gas content to burial depth. 224 

3.4. Simulation results and analysis 225 

The coupling mode between ground stress and coalbed gas can be used to study the mechanisms 226 
of how the effective stress affecting coalbed gas adsorption, desorption, compression, and seepage-227 
stress coupling, and further affecting coal seam permeability. In this report, we focus on how the 228 
effective stress affecting the permeability of coal seam by taking the mining section from 0 m to 80 m 229 
as an example. Fig.4 shows the simulated stress distribution in coal rock strata subject to HSTCC and 230 
reflects changes in permeability caused by effective stress. It is clear that due to mining, stress in the 231 
coalbed increases and concentrates on the interface between coal seam and surrounding rocks. Fig.5 232 
shows the simulated transfer of effective stress in the coal seam and clearly reflects its magnitude and 233 
direction. It can be seen that the distribution of effective stress obviously affects the distribution of 234 
coal seam permeability. 235 
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Coal-rock 

interface

     236 

Figure 4. Sectional diagram of stress distribution.   Figure 5. Distribution of effective stress 237 

in coal body. 238 

Fig.6 shows the effect of mining on coal seam permeability. In order to clearly observe the 239 
permeability trend in the horizontal direction, four measurement lines are selected in Fig.6(a) to 240 
extract the specific permeability along these lines. From the horizontal measurement lines, Line 1, 241 
Line 2 and Line 3, as shown in Fig.6(b), permeability has a greater variation in the inclined direction 242 
of the coal seam only on the exposed surface of the coal seam. In this figure, when the rock stratum 243 
direction adjacent to the upper part of the coal seam is set as the left direction and the rock stratum 244 
direction adjacent to the lower part of the coal seam is set as the right direction, it is found that the 245 
stress caused by conformation of SIETCS changes coal’s permeability, resulting in the increase of 246 
permeability of the coalbed from left to right. And the permeability of the upper rock in the left coal 247 
seam changes faster. 248 

For the downward measurement line of the horizontal coal seam, it is clear that the permeability 249 
along Line 4 in Fig.6 (b) shows a trend of decrease after increase before 20 m and stabilizes at the 250 
original level after 20 m. Hence, changes in permeability of coal seams 45 m downward are sufficient 251 
to reflect changes in permeability of the coalbed. It is of little significance continually studying change 252 
in permeability of deeper coalbeds. 253 

In the downward direction along the coal seam, the permeability increases rapidly in the coalbed 254 
2 m above the exposed surface, affected by the mining of working face, and decreases in the coalbed 255 
below 2 m. The influence range to increase permeability is about 20 meters. Therefore, it can be 256 
inferred from the coal seam permeability that gas in the range of 20m is rapidly desorbed in the 257 
coalbed and rushes to the coal mining face. 258 
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 259 

Fig.6 Permeability distribution in coal body at the coalbed. (a) Spatial distribution of 260 

permeability of coal seam; (b) Distribution of permeability with the distance at different 261 
measurement lines. 262 
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Fig.7 shows the gas pressure distribution in coal seams at different mining stages simulated at 263 
mining speed of 8 m/d. Clearly, the pressure-relief speed of coalbed along the two sides of the coal 264 
bodies in the oblique direction of the coal seam is asymmetric in nature. Near the right side of the 265 
coalbed, gas pressure-relief speed is significantly higher than that near the left side close to the top 266 
coal stratum. This is consistent with the permeability distribution obtained in previous analyses. With 267 
the increase of coal’s exposure time, gas desorption speed is faster in the right floor coalbed with 268 
higher permeability than in the left coalbed. This fact can be used for selecting the working face intake 269 
and return airways during mining of SIETCS using HSTCC method. 270 

   271 

   272 

Fig.7 Gas pressure distribution map in coal seam mined to different stages. (a) At day 1 273 
with mining distance of 8 m; (b) At day 5 with mining distance of 40 m; (c) At day 10 with 274 
mining distance of 80 m; (d) At day 20 with mining distance of 160 m. 275 

Fig.8 shows the distribution of gas pressure with mining depth at different mining times based 276 
on the initial gas pressure data and the measurement lines given in Fig.7. In Fig.6, the coal mining 277 
face is located at x=0, and the direction of x-axis is along the coal seam’s deepening direction. A total 278 
of 5 gas pressure distribution curves are given including the initial gas pressure curve without mining 279 
disturbance and 4 gas pressure curves corresponding respectively to the 4 measurement lines at 280 
different mining stages given in Fig.7. Through these curves, one can quantitatively study the gas 281 
pressure distribution in the coalbed at different mining stages. It is clear from the figure that on the 282 
first day of mining, the coalbed rapidly depressurizes within 10 m downward from the horizontal 283 
direction of the working surface; On the 5th day, as the face advances to 40 m, the pressure relief 284 
range of the coalbed expands to 15 m; On the 10th day, as the face advances to 80 m, the gas pressure 285 
relief range increases to 25 m, which coincides with the range at original gas pressure. The gas 286 
pressure in the floor coalbed is higher than the initial gas pressure in pressure relief range of 6 m to 287 
18 m on the 1st day, 9 m to 20 m on the 5th day, and 12 m to 22 m on the 10th day. This phenomenon 288 
can be explained as that during mining, the gas desorbed from the lower coal body of the coalbed 289 
migrates upward. Due to the permeability distribution mentioned above, in about 20 m downward 290 
range in the floor coalbed, with the increase of both coal permeability and porosity, the amount of 291 
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gas accumulated in this segment of coalbed consecutively increases, resulting in a higher gas pressure 292 
over the initial gas pressure. On the 20th day of mining, as the face heads to 160 m, the pressure relief 293 
range of the coalbed tends to stabilize after 30 m due to mining. With the extension of coal’s exposure 294 
time, gas desorption rate from coalbed gradually decreases. Thus, the depressurized curve coincides 295 
with the original gas pressure curve. At this time, it is not necessary to continually study the pressure 296 
relief time, which is consistent with the conclusion obtained from the previous prediction model that 297 
the intensity of gas emission from coalbed increases over time while the desorption intensity of coal 298 
seam gas reduces. 299 
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Figure 8. Changes of gas pressure with mining distance over time. 301 

Let the original amount of gas existing in coal seam be m0. From Eq.(15) it is known that the 302 
mining-induced gas adsorption amount is m. The finite element numerical simulation shows that all 303 
desorbed gas flows to the working face, so the gas emission (m0-m) divided by the gas density in the 304 
standard conditions (ρa) is the emission volume. Thus, we can find the integral equation used to 305 
calculate the absolute gas emission from the 3-dimensional coalbed per unit time as follows:  306 

0

a

m -m
Q=  dxdydz

t                                 (18) 307 

where Q is the absolute gas emission, m3/min; ρa is the density of gas in the standard conditions; and 308 
t is the time, min. 309 

From the point view of mining-induced gas desorption from coalbed, we can get the amount of 310 
gas emitted from coalbed per unit time. Given that coal mining time is one day, using the user-defined 311 
integral Eq.(18) in the calculation model, we first work out the amount of gas emitted from the floor 312 
coalbed, then numerically compute the desorption rate of gas within this mining stage, as shown in 313 
Fig.9 and Fig.10, and at last find the absolute gas emitted in the mining face within one mining day 314 
is 1.07 m3/min. 315 
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Figure 9. Spatial distribution of gas desorption rate from coalbed at day 1.Figure 10. Relationship 317 

of gas emission with time. 318 
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4. Measured gas emission and error analysis 319 

As described above, we have worked out how to predict the amounts of gas emitted from the 320 
face of floor coalbed using our self-built geometrical prediction model and finite element simulation 321 
method. In the following sections, we utilize the measured data of Wudong Coal Mine to analyze 322 
and discuss the error, accuracy and applicability of these two prediction methods. 323 

4.1. Geological background of Wudong Coal Mine 324 

Wudong Coal Mine is located in Xinjiang, northwest China. Its geographical location is shown 325 
in Fig.11. Due to its specific SIETCS, the coal mine adopted the fully-mechanized HSTCC method 326 
and complete in-caving method for coal seam roof management. The working face length is 45 m, 327 
and the height of the vertically minable section is 22–25 m (with the design mining/caving ratio of 328 
1:7–1:8). The designed mining length is 1124 m. The ground elevation is +739.2–+934.0 m. The mined 329 
coal seams mainly include No. 45 and No. 43 coal seams with averaged thickness of 30 m and dip of 330 
45°. The face has simpler geological structure with small folds, fractures and joint development zones, 331 
but not large faults and tectonics. The coal seams are fragmentized and prone to cave in. The average 332 
coal seam thickness is 30 m and the inclination angle is 45°. 333 

Wudong 

Coal Mine

China

Methane collection area

Optical methane detector 

Mining method

Methane measurement

 334 

Figure 11. Coal mining and gas measuring methods used at Wudong Coal Mine. 335 

4.2. Gas emission 336 

At the initial excavation period, there is little or no goaf behind the working face. Therefore, 337 
during that period, the gas flowing into the face mainly includes those emitted from the front coal 338 
wall and the fractures coal seam, as well as those released and desorbed from the coal body in the 339 
coalbed. During its overhaul period, the face stops production and no gas was emitted from the 340 
fractured coal seam. Therefore, gas in the working face during the overhaul period is only from the 341 
front coal wall and the coal body in the coalbed. In order to estimate gas concentration at this period, 342 
gas content in the intake and return airways, Cin and Cout, were measured on site using the differential 343 
gas-source-fixing method for a total of 35 days. Statistical analysis showed that the average air 344 
volume in the intake and return airways was 858.06 m3/min and 979.14 m3/min, respectively. The 345 
total gas emission at corresponding period was calculated as the sum of the two, i.e. 346 

Q=Cout×Vout-Cin×V= 1.5482 m3/min 347 

Fig.12 shows the curves of gas concentration and emission in both the intake and return airways. 348 
Because Wudong Coal Mine adopts HSTCC method, the height of the coal wall exposed in front 349 

of the working face is about 4 m and the average length of the exposed coal body at the coalbed is 8 350 
m per day. According to the numerical simulation results in Section 4, it follows that the gas emission 351 
from both the exposed front coal wall and the coalbed has similar characteristics. Therefore, the ratio 352 
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of the two gas sources in the initial mining stage can be determined from the proportion of their 353 
exposed areas: 354 

= 1.032 m3/min 355 

Although this method can be used to accurately estimate gas emission from the coalbed, it is 356 
only applicable to a specific mining period. Because of this great limitation, the method can be only 357 
used to verify the accuracy of the proposed gas emission prediction model. 358 
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Figure 12. Concentration and amount of gas emission in both intake and return airways. 360 

4.3. Error analysis 361 

Table 3 shows the results of using the measured data to verify both prediction model and 362 
simulation method. From the table it is clear that the error of the proposed prediction model is smaller 363 
and the predicted value is very close to the actual measurement result. The time-dependent gas 364 
emission obtained through the finite-element numerical simulation changes dynamically in a 365 
gradually decreasing manner. At ideal conditions, due to the impact of mining on the coal body in 366 
the coalbed, the fully desorbed gas from the mining-disturbed coalbed wholly flows into the working 367 
face in a working day. Thus, the finite element simulation result is greater than the actual 368 
measurement result. Therefore, the gas emitted from floor coalbed predicted using these two 369 
prediction methods is slightly greater than that measured in the field and has relatively small errors. 370 
In other words, these two methods can be applied to more accurately determine the gas emission 371 
from the coalbed of SIETCS mined using HSTCC method and both methods can be used to prevent 372 
and control gas disasters.  373 

The above verification shows that the errors between field test results and the prediction model 374 
results or the numerical simulation results are within 5%, as shown in Table 3. Therefore, the 375 
proposed methods are suitable for calculating gas emission from the coalbed of SIETCS mined using 376 
HSTCC method, and have certain scientific significance for studies on the gas emission from coalbed 377 
and for gas disaster prevention and control technologies. 378 

Table 3. Comparison and analysis of predicted gas emission. 379 

Prediction 

method 

Gas emission 

(m3/min) 

Error relative to 

spot test results 

(%) 

Advantage Disadvantages 

Prediction 

model 
1.0802 4.67 

Easy use, strong 

practicality, 

simple process 

Only applicable for 

predicting gas 

emission from 

SIETCS mined 

using HSTCC 

method 

Numeric 

simulation 
1.07 3.68 

Suitable for 

predicting the 

amount of gas 

emission at 

Highly depending 

on the accuracy of 

the on-site 

parameters, not 

8

4 8
bottom=

+
Q Q
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different times 

and studies on 

the law of gas 

migration in 

floor coalbed 

suitable for miner 

use. 

Spot 

measurement 
1.032 / Highly accurate 

Only effective at 

specific mining 

stage, not suitable 

for general 

application 

 380 

5. Conclusions 381 

In order to find the amounts of gas emitted from coalbed of SIETCS during mining using HSTCC 382 
method, we constructed a prediction model for gas emission from the coal body in the coalbed. Based 383 
on the Langmuir theory, we also set up a 3-dimensional numerical model for gas adsorption-384 
desorption-seepage emission from the coalbed. In addition, we used a self-defined integral method 385 
to compute gas emission and verified the rationality and accuracy of the two prediction results 386 
through the field measured data. We arrived at the following conclusions. 387 

1) Through analyzing different gas sources in the working face, a method for quantitative 388 
prediction of gas emission from coalbed was presented by actually measuring the gas concentrations 389 
at the intake and return airways of SIETCS. The measured gas emitted from coal body of the coalbed 390 
was 1.032 m3/min. However, this method has its limitation. It can only be used to verify the accuracy 391 
of the prediction models and is not suitable for general applications.  392 

2) A prediction model was proposed to predict gas emission from the coalbed of SIETCS mined 393 
using HSTCC method. The emitted gas calculated using the method from the coalbed of SIETCS of 394 
Wudong Coal Mine during its horizontal excavation period is 1.0802 m3/min. Field measurement 395 
confirmed that gas emission obtained using the prediction model is slightly higher with an error rate 396 
of 4.67%. With such a small error rate and high safety, this model is suitable for the easy and rapid 397 
prediction of the amount of gas emitted from the floor coalbed. 398 

3) From the point view of gas adsorption-desorption from coal seams, the finite element 399 
numerical simulation method was used to analyze the gas pressure relief behaviors in different 400 
mining stages during the sublevel excavation process. Based on the method, the predicted gas 401 
emission is 1.07 m3/min. Quantitative analyses of gas desorption range of coal bodies in the coalbed 402 
at different moments indicated that the gas pressure-relief range is within 30 min in the floor coalbed. 403 
Field measurement confirmed that the numerical simulation is accurate and only slightly higher than 404 
the actual emission with an error rate of 3.68%. With high accuracy and safety, this numerical 405 
simulation method is suitable for predicting gas emission from the coalbed of SIETCS. 406 
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