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Abstract: To address the issue of gas accumulation in the working face when roadways between coal 10 

seams pass through geologically abnormal areas, based on the summary and classification of existing gas 11 

drainage methods, gas drainage interception technology was proposed, and its technical concept, principle, 12 

and application process were elaborated. The 221 East Wing Track Roadway of the Liu Jia Liang Coal 13 

Mine was selected as the test site. Following the gas drainage interception process, the gas flow path, 14 

primary gas source, and the loose zone of the surrounding roadway rock were systematically examined. 15 

Results indicated that the gas flow path of the working face is predominantly located in its upper front; the 16 

primary gas source is the 5# coal seam beneath the roadway; and the loose zone of the surrounding rock 17 

ranges from 0.65 to 2.30 meters. Consequently, a dual high- negative-pressure and low-negative-pressure 18 

drainage interception technology was implemented to capture gas within the fractures around the roadway. 19 

Trial excavations confirmed that this method effectively intercepted gas within the rock fractures, ensuring 20 

safe excavation operations. 21 

Keywords: Roadway between coal seams; Geological abnormal areas; Gas drainage methods; Gas 22 
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drainage interception technology.  23 

1. Introduction 24 

Due to varying geological conditions across different areas of the mine field, some roadways 25 

inevitably traverse unfavorable geological sections, such as fault fracture zones, densely jointed areas, and 26 

weak interlayers during tunneling. Taking the fault fracture zone as an example, the rock mass near these 27 

zones exhibits distinct differences in physical and mechanical properties due to characteristics such as low 28 

strength, susceptibility to deformation, high permeability, and poor water resistance [1-3]. Particularly, 29 

when a roadway is situated near a coal seam and connected to it through rock fractures, gas from the coal 30 

seam may migrate into the roadway's working space, driven by its pressure gradient. Therefore, alongside 31 

adopting appropriate excavation and support techniques, the selection of effective gas control technology 32 

is crucial. 33 

When excavating roadways between coal seams in geologically abnormal areas, gas emission and 34 

accumulation are inevitable if the roadway connects to a high-gas-content coal seam through rock fractures. 35 

This presents significant safety challenges during excavation. Numerous scholars have extensively 36 

researched various aspects of this issue. Regarding gas seepage characteristics, studies increasingly 37 

demonstrate that Darcy’s law applies only to laminar flow with low Reynolds numbers (Re), while other 38 

seepage conditions must be described using non-Darcy flow models [4-5]. For the porous medium of coal 39 

and rock, internal gas seepage is influenced by intrinsic factors such as bedding (joint) distribution, 40 

porosity, particle size, and connectivity, as well as external factors like stress state and vibration frequency 41 

[6-10]. In terms of gas drainage technology, coal mine methane (CMM) drainage can be categorized into 42 

underground CMM drainage, surface CMM drainage, and combined surface and underground CMM 43 

drainage. Underground drainage methods primarily include in-seam (cross) borehole drainage, cross-44 
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measure borehole drainage, coal seam roadway drainage, horizontal long borehole drainage, gob buried 45 

pipe drainage, and drainage from high-level roadways or boreholes within the gob. Surface CMM drainage 46 

techniques include gob surface drainage, stress-relieved seam surface well drainage, multi-branch 47 

horizontal directional well drainage, and multipurpose surface well drainage, among others [11]. 48 

Additionally, for low-permeability coal seams, technologies such as hydraulic fracturing, hydraulic 49 

flushing, hydraulic slotting, large-diameter mechanical cave-making, coal seam gas injection, CO2 phase 50 

transition jet coal breaking, and other permeability enhancement techniques have been developed and 51 

applied to improve gas drainage efficiency [12-17]. 52 

Significant advancements have been made in the study of gas seepage characteristics and gas drainage 53 

technologies. However, there remains a lack of research on gas control technologies for roadways located 54 

between coal seams in geologically abnormal areas, particularly where the distribution of rock fractures is 55 

uncertain. The selection of appropriate gas control techniques and ensuring safe roadway construction 56 

under these conditions require further investigation. In response to this need, this paper focusing on the 57 

gas control challenges encountered when roadways pass through geologically abnormal areas, this study 58 

proposes the gas drainage interception technology, detailing its principles, connotation, and application 59 

process. Using the case study of gas emission and accumulation during the excavation of the 221 East 60 

Wing Track Roadway at Liu Jia Liang Coal Mine, the paper applies this technology by identifying gas 61 

flow channels, determining the main gas source, and delineating the loose zone of surrounding rock. High 62 

and low negative pressure dual gas drainage interception boreholes were then arranged around the roadway 63 

to capture gas from fractures in the surrounding rock. The effectiveness of this approach was verified 64 

through trial excavation. 65 
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2. Characteristics of gas drainage interception technology 66 

2.1 Technology connotation 67 

Gas drainage is a fundamental technical measure employed to mitigate gas disasters in coal mines. 68 

Based on the temporal relationship between gas drainage and mining operations, it can be classified into 69 

three categories: pre-drainage, drainage during mining, and post-drainage [18]. Additionally, according to 70 

the primary function of each drainage method [19-22], these methods can be further divided into two 71 

categories: those aimed at reducing the gas content of the gas source and those focused on altering the gas 72 

flow path, as illustrated in Fig. 1. 73 

 74 

Fig. 1 Classification of gas drainage methods 75 

The drainage method designed to reduce the gas content of the gas source primarily involves the 76 

construction of drainage boreholes or wells that connect to the gas source (i.e., coal seam or gas 77 

accumulation area). This method effectively diminishes the gas content, thereby reducing the amount of 78 

gas released into the working space during mining operations. Conversely, the method focused on altering 79 

the gas flow path involves the construction of boreholes or roadways that connect with existing gas flow 80 

channels. Through the application of negative pressure in the drainage system, gas is drawn into the system, 81 
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thereby achieving the objective of redirecting the gas flow and intercepting gas before it enters the working 82 

space. 83 

Gas drainage interception technology is fundamentally a method for gas drainage. This technology 84 

primarily achieves its goal of intercepting gas by altering the gas flow path and is predominantly utilized 85 

during mining face operations and roadway excavation processes. One of the key advantages of gas 86 

drainage interception technology is its adaptability to the confined conditions of underground working 87 

environments. It effectively intercepts gas entering the working space without necessitating large-scale 88 

construction of drainage boreholes to eliminate gas sources. This approach minimizes disruptions to 89 

mining operations, reduces construction complexity, and lowers economic costs, thereby enhancing the 90 

safety of mining activities. 91 

2.2 Technological principles 92 

The gas drainage interception technology primarily involves the construction of drainage interception 93 

boreholes situated between the gas source and the working space, thereby artificially creating a negative 94 

pressure area that is connected to the gas flow channel. According to the principle of fluid potential, fluid 95 

naturally flows from areas of high potential to those of low potential. The application of negative pressure 96 

disrupts the original dynamic equilibrium state of each medium within the gas flow channel, facilitating 97 

the introduction of gas into the mine's drainage system. Consequently, the original flow path of gas, defined 98 

as gas source → flow channel → working space, is altered to gas source → flow channel → drainage 99 

system via the drainage interception borehole. During this process, the gas within the coal seam migrates 100 

differently through the coal seam and pores, utilizing seepage and diffusion. Under the influence of its 101 

own pressure and concentration gradients, the gas rapidly migrates through the fractures in the coal and 102 

rock mass, forming a gas flow field. At this stage, the gas movement in the coal seam predominantly 103 
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exhibits non-Darcy seepage behavior, resulting in a continuous decrease in the gas content of the coal 104 

seam, particularly the free gas content. Overall, this technology does not require the direct construction of 105 

gas drainage boreholes to reduce or eliminate the gas source in the coal seam; instead, it simply intercepts 106 

gas within the flow channel to alter its flow path. For instance, in roadway excavation, the gas drainage 107 

interception technology can be employed to intercept gas migrating from adjacent coal seams into the 108 

roadway working space. It is assumed that gas from the coal seam above the roadway enters through rock 109 

fractures, potentially compromising safe construction. To mitigate this, an drainage interception borehole 110 

can be positioned above the roadway, capturing the gas before it can infiltrate the roadway, thus effectively 111 

achieving gas interception. The relevant gas interception diagram is illustrated in Fig. 2. 112 

 113 

(a) 114 

 115 

(b) 116 
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Fig. 2 Gas drainage interception boreholes interception gas. (a) Gas flow path when not intercepted. (b) Gas flow path after 117 

being intercepted. 118 

2.3 Technical application process 119 

The effectiveness of gas drainage interception technology hinges on the strategic placement of gas 120 

drainage interception boreholes in relation to the gas flow channel. This necessitates thorough research 121 

and analysis prior to the construction of any boreholes. Taking the roadway depicted in Fig. 2 as an 122 

example, which remains connected to the coal seam above via rock fractures, it is imperative to first assess 123 

the geological conditions surrounding the roadway. Various detection methods, including direct current 124 

technology, transient electromagnetic technology, and ground-penetrating radar, should be employed [23-125 

27]. The goal is to delineate the distribution range of the rock fractures (gas flow channels) as accurately 126 

as possible. 127 

Subsequently, it is essential to identify the primary gas source. In the scenario illustrated in Fig. 3, 128 

the gas source is clearly the coal seam situated above the roadway. However, if the working space is 129 

positioned between multiple coal seams, specific technical measures must be implemented to identify and 130 

analyze the predominant gas source to facilitate targeted interception strategies. This can be achieved 131 

through a comparative analysis of parameters such as gas pressure, gas content, gas composition, and 132 

hydrocarbon isotopes [28-29]. 133 

Additionally, to prevent the direct connection of the drainage interception borehole to the roadway, 134 

which could lead to substantial air influx and compromise gas interception efficiency, it is crucial to 135 

examine the extent of the surrounding rock's loose circle formed post-roadway excavation. This analysis 136 

ensures that the effective drainage interception section of the borehole remains outside the loose circle’s 137 

range. Techniques such as numerical simulation or field measurements can be employed to assess the loose 138 
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circle of the surrounding rock [30-31]. 139 

Building upon the findings from the aforementioned research and analyses, the configuration of the 140 

gas drainage interception boreholes is determined. The layout must optimize the gas interception effect, 141 

which can include either single-layer or multi-layer borehole arrangements depending on the specific 142 

circumstances. Finally, the effectiveness of the gas drainage interception technology should be evaluated 143 

and refined. In summary, the application process for gas drainage interception technology in roadways 144 

between coal seams is shown in Fig.3: 145 

 146 

Fig. 3 Application process of gas drainage interception technology 147 

3. Engineering application 148 

3.1 Engineering background 149 

The Liu Jia Liang Coal Mine is located in Xinzhou City, Shanxi Province, China, and is classified as 150 

a high-gas mine. It primarily extracts from the 2# and 5# coal seams. The 221 East Wing Track Roadway 151 

serves as a rock roadway situated in the lower section of the 221 Mining Area. Flanking this roadway on 152 

both sides are the 221 East Wing Belt Roadway to the left and the 221 East Wing Return-Air Roadway to 153 

the right. These adjacent roadways are coal roadways and are positioned 16 meters above the 221 East 154 
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Wing Track Roadway within the 2# coal seam. The underground layout of the 221 East Wing Track 155 

Roadway is illustrated in Fig. 4. 156 

 157 

Fig. 4 Underground location of 211 East Wing Track Roadway 158 

It can be seen from Fig.4 that the continuous excavation of the 221 East Wing Track Roadway can 159 

connect it with the front Ventilation-Connection Laneway, and then form a complete ventilation system in 160 

the east wing of the 221 Mining Area. The system is mainly composed of 221 East Wing Track Roadway, 161 

221 East Wing Belt Roadway and 221 East Wing Return-Air Roadway. On this basis, on the west side of 162 

221 East Wing Belt Roadway, along the direction perpendicular to the roadway, the mining roadway is 163 

gradually excavated and the coal mining face is formed, thereby enabling the mining of coal seams on the 164 

west side of the 221 East Wing Belt Roadway. 165 

During the excavation of the 221 East Wing Track Roadway, specifically at the mileage mark of 680 166 

meters, a minor influx of water and gas was observed at the excavation face following blasting operations. 167 

The water influx was primarily attributed to residual blast holes and blasting fractures located in the middle 168 

and lower sections of the excavation face, while the gas emission was mainly channeled through residual 169 
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blast holes and fractures found in the upper part of the excavation face. Observations of the rock strata at 170 

the excavation face revealed no significant alterations in their orientation. However, the blasting activities 171 

did induce a number of residual blast holes and numerous blasting cracks, which subsequently facilitated 172 

the flow of gas and water into the roadway's working space. 173 

To mitigate the risk of gas accumulation at the excavation face, the residual blast holes and blasting 174 

cracks were temporarily sealed using concrete plugging techniques. Investigations involving construction 175 

personnel and review of construction records indicated no irregularities prior to the blasting operation. 176 

Consequently, it is likely that the observed water and gas influx at the excavation face resulted from the 177 

blasting, which generated cracks in the rock mass ahead of the excavation and is associated with the pre-178 

existing water influx and gas emission pathways within the surrounding rock mass. 179 

Furthermore, laboratory analyses of collected water samples confirmed that the water emanating from 180 

the excavation face originates from sandstone fissure water located on the roof of the 2# coal seam. 181 

Additionally, measurements of water flow in the ditch of the 221 East Wing Track Roadway indicated that 182 

the total water inflow at the excavation face ranged between 15 to 20 m³/h. Given that the rock strata do 183 

not contain gas, it can be inferred that the gas present at the excavation face is likely sourced from the coal 184 

seams situated above or below the 221 East Wing Track Roadway. Relevant geological data illustrating 185 

the distribution of coal and rock layers surrounding the 221 East Wing Track Roadway is presented in Fig. 186 

5. 187 
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  188 

Fig. 5 Distribution of coal and rock layers around the roadway 189 

3.2 Geological exploration 190 

(1) Transient electromagnetic detection 191 

To investigate the concealed geological formations within the area extending from the excavation 192 

face of the 221 East Wing Track Roadway to the Ventilation-Connection Laneway ahead, transient 193 

electromagnetic technology was employed. Detection was conducted in three distinct orientations within 194 

the 221 East Wing Track Roadway. Specifically, the conversion angle method was utilized when applying 195 

the transient geomagnetic method to examine the geology in front of the excavation face [32]. This method 196 

involved measuring inclination angles of −45°, 0°, and 45° between the coil device and the excavation 197 

face to assess the geological conditions below, in front of, and above the excavation face（Fig.6）, 198 

respectively. The transient electromagnetic detection equipment used in the mine was the YCS3000 model, 199 

which operates at an emission current of 2 A and has a coil side length of 2 × 2 m. The resulting advanced 200 

resistivity profile obtained from the transient electromagnetic detection is illustrated in Fig. 7. 201 
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 202 

Fig.6 Layout of transient electromagnetic instrument in roadway. In the figure, the angle between the coil 203 

device and the excavation face is 0 °, that is, the plane formed by the coil is parallel to the excavation face. 204 

 205 

(a) 206 

 207 
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(b) 208 

 209 

(c) 210 

Fig. 7 Cross-section of transient electromagnetic advanced exploration apparent resistivity. (a) 45° oblique upward direction. 211 

(b) horizontal direction. (c) 45° oblique downward direction. 212 

Fig. 7 clearly illustrates that the apparent resistivity in the three examined directions exhibits a notable 213 

low apparent resistivity phenomenon on the left side of the roadway. This observation indicates the 214 

presence of fissures and high water content in the rock strata within this area. Furthermore, the apparent 215 

resistivity contour map reveals that the rock fractures between 40 and 60 m on the left side of the roadway 216 

are particularly well-developed. Analysis suggests the potential existence of a weak fracture zone in this 217 

region, characterized by a downward trend in elevation and an expanding area. Additionally, as the 218 

detection area descends from the upper section of the roadway, the low apparent resistivity zone enlarges, 219 

indicating a gradual increase in water content within the rock fractures from the top to the bottom in front 220 

of the roadway. 221 

(2) Engineering geologic drilling 222 

To further assess the geological conditions in front of the excavation face of the 221 East Wing Track 223 

Roadway, a total of nine boreholes were designed and constructed at the excavation face. The layout of 224 

these boreholes is depicted in Fig. 8, and the pertinent construction parameters are detailed in Table 1. The 225 
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geological drilling utilized a ZDY2000S coal mine drilling rig, featuring a supporting drill pipe diameter 226 

of 65 mm.  227 

 228 

Fig.8 Layout of geological boreholes 229 

Table 1. Geological boreholes construction parameters 230 

Number Azimuth/° Dip angle/° Diameter/mm Drilling depth/m 

No.1 348 25 75 90 

No.2 348 0 75 70 

No.3 348 -20 75 90 

No.4 18 -20 75 90 

No.5 18 0 75 70 

No.6 18 25 75 90 

No.7 28 25 75 90 
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No.8 28 0 75 70 

No.9 28 -20 75 90 

To mitigate gas accumulation in the working face due to communication between borehole 231 

construction and the surrounding rock fractures, a "three prevention" device is employed during the 232 

construction process. Additionally, when constructing the first borehole (Borehole 1), gas pressure 233 

measurements are taken within the borehole. Construction is halted at a depth of 30 m, at which point the 234 

borehole is sealed, and a pressure gauge is installed. Following the pressure measurement, construction 235 

resumes until the designated depth is reached. Concurrently, gas pressure in the 2# and 3# coal seams is 236 

measured during the construction of Boreholes No.6 and No.7, respectively. Coal samples from these 237 

seams are collected throughout the construction process to ascertain gas content. The geological borehole 238 

construction records are presented in Table 2. 239 

Table 2 Geological drilling construction records 240 

Number Original construction records 

No.1 Gas is gushing, with no water influx or sudden changes in rock layers. 

No.2 Water and gas are gushing, with no sudden changes in rock layers. 

No.3 

A significant amount of water is gushing; gas is encountered after drilling into the coal seam. No sudden 

changes in the rock layer are observed, and drilling to a depth of 40-50 meters yields crushed stones with 

a particle size of 10-30 mm. 

No.4 

Water is gushing, and gas is encountered after drilling into the coal seam, with no sudden changes in rock 

layers. 

No.5 Water is gushing, with no gas influx or sudden changes in rock layers. 

No.6 Gas is gushing, with no water influx or sudden changes in rock layers. 
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No.7 A large volume of gas is gushing, with no water influx or sudden changes in rock layers. 

No.8 Water is gushing, with no gas influx or sudden changes in rock layers. 

No.9 

Water is gushing, and gas is encountered when drilling into the coal seam, with no sudden changes in rock 

layers. 

The absence of abrupt changes in rock layers across the entire detection range, as shown in Table 2, 241 

indicates that there are no significant geological structures, such as faults or folds, present in this area. 242 

However, the emergence of crushed stones with a particle size of 10-30 mm in borehole No.3, encountered 243 

at a depth of 40-50 m, coupled with the results from transient electromagnetic detection, suggests the 244 

presence of a weak fracture zone within the rock matrix. Furthermore, the observed water and gas 245 

emissions from each borehole imply that fractures exist in the rock mass in front of the excavation face. 246 

Additionally, analysis of the water sample measurements indicates that these fractures are likely associated 247 

with the roof sandstone of the 2# coal seam, extending into the 3# coal seam. When evaluating roadway 248 

water inflow, it is evident that the inflow from boreholes on the left side of the roadway is significantly 249 

greater than that from the right side, and the inflow on the lower side exceeds that on the upper side. This 250 

discrepancy may be attributed to the elevation of the boreholes and the enhanced water richness of the 251 

rock fractures beneath the roadway. 252 

In summary, integrating the findings from transient electromagnetic detection and engineering 253 

geological drilling, it is inferred that numerous rock fractures are present in the rock mass in front of the 254 

excavation face of the 221 East Wing Track Roadway. And in the range of 40-60 m on the left side of the 255 

roadway, it is very likely that there are bad geological bodies. Moreover, the analysis of gas emissions 256 

from the entire excavation face indicates that the gas flow channel connected to the excavation face is 257 

predominantly located in the upper front region. 258 
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3.3 Gas source analysis 259 

Under normal conditions, rock formations typically do not contain gas. Therefore, the gas present at 260 

the excavation face of the 221 East Wing Track Roadways is primarily sourced from the adjacent coal 261 

seams. Additionally, the water gushing from the excavation face originates from the sandstone fissure 262 

water located in the roof of the 2# coal seam. The rock fractures connect the sandstone to both the 2# and 263 

3# coal seams. Measurements taken during the geological borehole construction revealed a gas pressure 264 

of 0.62 MPa within the fractures, while the gas pressures in the 2# and 3# coal seams were recorded at 265 

0.15 MPa and 0.18 MPa, respectively. These values are significantly lower than the gas pressure observed 266 

in the fractures in front of the excavation face. Furthermore, since both the 221 East Wing Return-Air 267 

Roadway and the 221 East Wing Belt Roadway were constructed within the 2# coal seam without 268 

encountering gas anomalies during the process, it is plausible that the primary gas source is the 5# coal 269 

seam located beneath the 221 East Wing Track Roadways. 270 

To accurately identify the main gas source at the excavation face, we employed a comparative 271 

analysis of gas parameters and gas compositions. This involved measuring and comparing the gas pressure, 272 

gas content, and gas composition of the rock fractures in front of the excavation face with those of the 273 

adjacent coal seams. 274 

(1) Measurement of Gas Parameters in Adjacent Coal Seams 275 

To mitigate the influence of water on the determination of gas parameters for the 5# coal seam, a 276 

pressure-measuring borehole with a diameter of 75 mm was drilled to the 2#, 3#, and 5# coal seams, 277 

respectively, at a distance of 150-155 m from the excavation face in the 221 East Wing Track Roadway, 278 

as illustrated in Fig. 9. During the borehole construction process, coal samples from the three seams were 279 

collected, and the gas pressure and content for each seam were measured. The results of these 280 
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measurements are presented in Table 3. 281 

 282 

Fig.9 Cross section diagram of pressure measuring boreholes 283 

Table 3. Determination results of gas content and gas pressure in each coal seam 284 

Coal seam Measurement location 

gas content 

(m3/t) 

gas pressure 

(MPa) 

2# 150 m away from the excavation face 3.26 0.16 

3# 155 m away from the excavation face 3.80 0.18 

5# 150 m away from the excavation face 6.78 0.66 

Table 3 indicates that the gas pressure value of the 5# coal seam is 0.66 MPa, which is comparable to 285 

the gas pressure of 0.62 MPa recorded in the rock fractures located in front of the excavation face. The gas 286 

pressure values for the 2# and 3# coal seams remain consistent with those obtained from previous 287 

geological boreholes, all falling within the range of 0.15 to 0.18 MPa. 288 

(2) Determination of Gas Composition in Adjacent Coal Seams 289 

To further elucidate the gas source at the excavation face of the 221 East Wing Track Roadway, gas 290 

samples were collected from each adjacent coal seam following the measurement of gas pressures. These 291 

gas samples were collected by using a gas sample collection bag (capacity 1 L) during the removal of the 292 

gas pressure gauge, and one gas sample was collected from each coal seam. Additionally, gas samples 293 
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from the fractures in front of the excavation face were collected and measured. After the gas sample was 294 

collected, it was sent to the laboratory, and the components of each gas sample were determined by gas 295 

chromatograph. The results of these measurements are presented in Fig. 10. 296 
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Fig.10 Gas composition determination results 298 

Fig. 10 Illustrates that methane (CH₄) constitutes 32.56% of the gas in the 2# coal seam, 52.65% in 299 

the 3# coal seam, 99.66% in the 5# coal seam, and 98.26% in the rock fractures in front of the excavation 300 

face. Notably, the CH₄ concentration in the gas from the 5# coal seam is the highest, closely resembling 301 

the CH₄ concentration observed in the rock fractures. 302 

(3) Comprehensive Analysis of Gas Sources 303 

The measurement results of gas parameters and gas compositions in the adjacent coal seams and rock 304 

fractures in front of the excavation face of the 221 East Wing Track Roadway indicate that the gas pressure 305 

values and CH₄ proportions in the 2# and 3# coal seams are significantly lower than the corresponding 306 

values in the fractures. In contrast, the correlation value of the 5# coal seam is more aligned with the 307 

fracture measurements. Furthermore, both the 221 East Wing Return-Air Roadway and the 221 East Wing 308 

Belt Roadway are situated within the 2# coal seam, where the gas concentration at the excavation face 309 

remained below 0.30% throughout the excavation process, even in the absence of gas drainage measures. 310 
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Additionally, according to coal uncovering data provided by the mine, no gas anomalies were detected 311 

when the 3# coal seam was exposed in other roadways, suggesting that the 2# and 3# coal seams are less 312 

likely to be the primary gas sources. Consequently, gas drainage measures must be implemented during 313 

the excavation of the 5# coal seam. Typically, the gas drainage strategy combines pre-mining drainage 314 

with concurrent drainage, with the pre-mining drainage period for the coal seam usually exceeding six 315 

months. Thus, the 5# coal seam possesses the potential to serve as a stable gas supply source. 316 

Comprehensive analysis concludes that the gas present in the excavation face of the 221 East Wing Track 317 

Roadway primarily originates from the 5# coal seam. 318 

3.4 Numerical simulation of roadway loose circle range 319 

According to the revised excavation plan for the roadway, a slope of 20° will be maintained towards 320 

the Ventilation-Connection Laneway. It is imperative to avoid large-scale construction of gas drainage 321 

boreholes in the roadway directed towards the 5# coal seam in order to rapidly mitigate the gas supply 322 

source. To reduce the impacts associated with mining replacement, construction complexities, and 323 

economic costs, the gas drainage interception technology has been selected for intercepting gas inflow into 324 

the roadway. During the application of this technology, the drainage interception borehole connects to the 325 

surrounding rock fractures, which may also link to the roadway. While intercepting gas flowing into the 326 

roadway, air from within the roadway can also be drawn into the borehole, potentially affecting the 327 

interception efficiency of the drainage system. Therefore, it is essential to effectively manage the distance 328 

between the drainage interception borehole and the surrounding fractures. Consequently, prior to 329 

constructing the drainage interception borehole, it is necessary to investigate the fracture range developed 330 

in the surrounding rock mass following roadway excavation. 331 

Upon excavation of the roadway within native rock, the original stress equilibrium of the surrounding 332 
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rock is disrupted, resulting in stress redistribution. During this process, stress concentration occurs in the 333 

tangential direction of the roadway. When the concentrated stress surpasses the diminished rock strength, 334 

damage and expansion of the surrounding rock can ensue, ultimately forming a circular damage zone 335 

known as the loose circle of roadway surrounding rock [33]. If the drainage interception borehole intersects 336 

with the loose circle or is positioned within this zone, it will come into direct contact with the air in the 337 

roadway. This scenario can lead to significant air influx into the drainage interception borehole, thereby 338 

severely compromising its interception efficiency and reducing the overall drainage performance. To 339 

ascertain the extent of the loose circle of surrounding rock formed post-roadway construction, FLAC3D 340 

numerical simulation software was utilized. In this context, the plastic zone denotes the area where 341 

material experiences plastic deformation after reaching its yield limit, effectively delineating the loose 342 

circle’s extent [34]. In accordance with the specific conditions of the 221 East Wing Track Roadway（The 343 

width of the roadway is 4.0 m, the height of the arch foundation is 1.5 m, and the radius of the semi-344 

circular arch is 2.0 m, and the roadway support method is anchor spray）, a model measuring X×Y×Z = 345 

10 m × 70 m × 50 m was established, as illustrated in Fig. 11. The model employs a plane strain analysis 346 

with a Mohr-Coulomb constitutive model. The upper boundary is defined as free, and a stress load of 13.92 347 

MPa is applied based on the burial depth. Displacement boundary conditions are imposed at the bottom 348 

and surrounding areas of the model to restrict movement. The physical and mechanical parameters for 349 

each coal seam in the model are summarized in Table 4. 350 
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 351 

Fig.11 Numerical calculation model 352 

Table 4. Physical and mechanical parameters of coal and rock layers 353 

Rock formation 

Density 

(Kg/m3) 

Tensile 

strength 

(MPa) 

Cohesion 

(MPa) 

Shear 

modulus 

(GPa) 

Bulk 

modulus 

(GPa) 

Internal friction 

angle 

(°) 

Fine Sandstone 2620 2.92 3.26 2.10 3.16 24 

Mudstone 2410 2.68 2.82 2.34 3.10 26 

2# coal seam 1310 0.82 0.42 1.40 3.52 32 

3# coal seam 1350 0.80 0.45 1.42 3.60 30 

Sandy Shale 2620 2.25 3.56 3.20 3.86 28 

Quartz Sandstones 2680 2.76 3.76 3.30 4.18 30 

Limestone 2650 1.80 3.08 2.68 3.26 24 

Based on the actual excavation rate of the roadway, the model is developed with an excavation step 354 

distance of 1.0 m. Following the excavation, damage and failure occur in the surrounding rock, resulting 355 

in the formation of a loose circle around the roadway. The extent of this loose circle can be represented by 356 
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the size of the plastic zone within the computational model [35]. Consequently, after the roadway 357 

excavation is completed, a distribution map of the plastic zone in the surrounding rock is extracted, and a 358 

representative distribution map is presented in Fig. 12. 359 

 360 

Fig.12 Distribution of plastic zone in roadway surrounding rock 361 

Fig. 12 illustrates that during the subsequent excavation of the 221 East Wing Track Roadway, the 362 

maximum damage to the surrounding rock occurs at the bottom corner of the roadway, with an extent 363 

reaching up to 2.30 m. The damage on the sides of the roadway ranks second, with a maximum extent of 364 

1.70 m, while the damage at the top of the roadway is comparatively smaller, measuring 0.65 m. This 365 

distribution of damage in the surrounding rock is influenced by the shape of the roadway cross-section 366 

and the properties of the surrounding rock mass. Excavation activities alter the stress state within the 367 

surrounding rock, leading to stress redistribution. Notably, at the corners of the roadway, geometric 368 

changes result in pronounced stress concentration phenomena. In trapezoidal section roadways, stress 369 

concentration is more likely to occur at the corners, whereas circular or elliptical roadways tend to disperse 370 

stress more effectively, thereby reducing the likelihood of stress concentration [36]. Consequently, the 371 

loose circle of the surrounding rock exhibits a greater damage range at the bottom corner and a smaller 372 

damage range at the top. Based on this analysis, the loose circle range of the 221 East Wing Track Roadway 373 

is determined to be between 0.65 m and 2.30 m. 374 
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3.5 Drainage interception borehole layout 375 

Given that the gas at the excavation face primarily originates from the 5# coal seam, it is essential to 376 

construct drainage interception boreholes between the 5# coal seam and the roadway being excavated to 377 

effectively intercept gas. However, due to constraints related to working space and challenges in accurately 378 

determining the distribution range of rock fractures, this study suggests that it is more reliable and safer to 379 

arrange the drainage interception boreholes around the roadway. To minimize the influx of air from the 380 

roadway into the drainage interception borehole, which could adversely affect interception efficiency, this 381 

paper introduces a dual drainage interception technology characterized by high and low negative pressure. 382 

This approach involves installing two concentric layers of drainage interception boreholes around the 383 

roadway. The outer layer of drainage interception boreholes is situated further from the roadway contour 384 

and operates under high negative pressure (not less than 13 kPa, here is 28 kPa) primarily to intercept gas. 385 

Conversely, the inner layer of drainage interception boreholes is positioned closer to the roadway contour 386 

and functions under low negative pressure (between 4 kPa and 13 kPa, here is 10 kPa) to supplement gas 387 

interception and reduce the volume of air entering the borehole from the roadway. 388 

Based on the configuration of the high and low negative pressure dual drainage interception boreholes, 389 

along with the distribution characteristics of the surrounding rock's loose circle, relevant drainage 390 

interception boreholes (with a diameter of 94 mm) were installed in both the 221 East Wing Track 391 

Roadway and the Ventilation-Connection Laneway. The layout parameters for each drainage interception 392 

borehole are detailed in Table 5, while the spatial distribution of each drainage interception borehole is 393 

depicted in Fig. 13. 394 

Table 5. Construction parameters of each drainage interception borehole 395 

Number Azimuth Dip Drilling Drainage Number Azimuth Dip Drilling Drainage 
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° angle 

° 

depth 

m 

method ° angle 

° 

depth 

m 

method 

No.1-1 16.5 18.7 65.0 

High 

negative 

pressure 

drainage 

(28 kPa) 

No.2-2 15.7 17.9 67.6 

Low 

negative 

pressure 

drainage 

(10 kPa) 

No.1-2 16.5 18.7 65.0 No.2-3 15.7 18.3 67.8 

No.1-3 16.6 19.3 65.0 No.2-4 16.0 19.1 68.2 

No.1-4 16.9 19.8 65.5 No.2-5 16.6 19.8 68.8 

No.1-5 17.5 20.2 66.0 No.2-6 17.5 20.2 69.3 

No.1-6 18.1 20.4 66.3 No.2-7 18.4 20.4 69.7 

No.1-7 18.8 20.4 66.6 No.2-8 19.4 20.2 70.1 

No.1-8 19.4 20.2 66.7 No.2-9 20.2 19.8 70.2 

No.1-9 19.9 19.8 66.7 No.2-10 20.8 19.7 70.2 

No.1-10 20.3 19.3 66.5 No.2-11 21.2 18.3 70.0 

No.1-11 20.4 18.7 66.5 No.2-12 21.2 17.9 69.8 

No.1-12 20.4 18.7 66.5 No.2-13 21.2 17.9 69.8 

No.1-13 198.4 -23.3 58.2 No.2-14 198.4 -23.8 60.0 

No.1-14 198.4 -23.3 58.2 No.2-15 198.4 -23.8 60.0 

No.1-15 198.4 -23.3 58.2 No.2-16 198.4 -23.8 60.0 

No.1-16 198.4 23.3 58.2 No.2-17 198.4 -23.8 60.0 

No.1-17 198.4 -23.3 58.2 No.2-18 198.4 -23.8 60.0 

No.1-18 198.4 -23.3 58.2 No.2-19 198.4 -23.8 60.0 

No.1-19 198.4 -23.3 58.2 No.2-20 198.4 -23.8 60.0 

No.1-20 198.4 -23.3 58.2 No.2-21 198.4 -23.8 60.0 
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No.1-21 198.4 -23.3 58.2 No.2-22 198.4 -23.8 60.0 

No.1-22 198.4 -20.7 56.6 No.2-23 198.4 -23.8 60.0 

No.1-23 198.4 -19.2 56.1 No.2-24 198.4 -21.3 57.9 

No.2-1 15.7 17.9 67.6  No.2-25 198.4 -19.7 56.3 

 396 

Fig.13 Layout of each drainage interception borehole 397 

3.6 Analysis of gas interception effect 398 

Upon completion of the construction and connection of high and low negative pressure dual drainage 399 

interception boreholes to the mine drainage pipe network, drainage parameters for each borehole were 400 

continuously monitored over a one-month period to assess the overall interception efficiency. Specifically, 401 

we measured both the drainage gas mixing volume and the gas concentration in each drainage interception 402 

borehole. The drainage gas mixing volume was primarily measured using a pitot tube (Fig.14 a), which 403 

captures the velocity pressure at the center point of the drainage tube, enabling the calculation of gas flow 404 

within the drainage tube [37]. Gas concentration was determined using a combination of a negative 405 
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pressure sampler and an optical gas detector (Fig.14 b). During measurement, the negative pressure 406 

sampler, connected via a plastic pipe, extracted gas from the drainage tube and directed it into the optical 407 

gas detector, which subsequently detected the gas concentration. Consequently, the pure gas drainage 408 

volume was calculated as the product of the gas mixing volume and the gas concentration. The data for 409 

each drainage interception borehole, detailing the pure gas flow volume, are presented in Fig.15. 410 

 411 

(a) 412 

 413 

(b) 414 

Fig.14 The connection between the measuring device and the drainage tube. (a) The connection between the pitot tube and 415 

the drainage tube; (b) The connection between the negative pressure sampler and the optical gas detector and the drainage 416 

tube. 417 
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 418 

Fig.15 Variation law of pure gas drainage volume. The drainage gas concentration and drainage gas mixing amount of each 419 

borehole are measured three times a day, and then the average value is calculated to obtain the pure gas drainage value of 420 

each borehole on the day. The gas drainage pure volume is the product of gas mixing amount and gas drainage concentration. 421 

In addition, different numbers of boreholes in the figure represent different drainage methods: No.1-x indicates that the 422 

borehole adopts low negative pressure drainage; No.2-x indicates that the borehole adopts high negative pressure drainage. 423 

Fig. 15 illustrates that the drainage purity from each drainage interception borehole exhibits 424 

substantial fluctuations during the initial phase, a gradual decline in the mid-phase, and a stable trend in 425 

the later phase. Specifically, the high negative pressure drainage interception boreholes (No.2-4 to No.2-426 

11) positioned at the top of the roadway within the 221 East Wing Track Roadway exhibit gas flow, 427 

whereas gas presence is limited to boreholes No.2-15 and No.2-16 located on the right side of the 428 

ventilation-connection laneway (in the direction of roadway excavation). This observation suggests that 429 

the gas-bearing rock fractures associated with boreholes No.2-4 to No.2-11 likely lie outside the 430 

interception range of the drainage interception boreholes situated at the bottom of the roadway, instead 431 

connecting with the 5# coal seam in other regions and extending upwards to the top of the roadway. 432 
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Furthermore, gas was detected in only five low negative pressure drainage interception boreholes, with 433 

the drainage purity diminishing to 0 m³/min within 2 to 4 days. This indicates that, following the stable 434 

operation of the drainage pipe network, the high negative pressure drainage interception boreholes 435 

effectively prevented gas from the surrounding fractures from infiltrating the low negative pressure 436 

drainage interception boreholes. Throughout the entire monitoring period, under conditions of full 437 

exposure of the rock strata at the excavation face, the gas concentration remained steady at 0.02%. The 438 

analysis confirms that the dual drainage interception technology—employing both high and low negative 439 

pressure—successfully intercepts gas from the surrounding fractures, thereby facilitating the initiation of 440 

trial excavation. During the trial excavation phase, a total of five blasting operations were conducted. The 441 

explosive used in the blasting excavation is the third-level coal mine allowable emulsion explosive, and 442 

the cartridge specification is φ35 mm × 250 mm ; the millisecond delay electric detonator is used to 443 

detonate, and the capacitive explosive is detonated. The blasthole arrangement is shown in Fig.16. Among 444 

them, the arrangement method for the cutting hole is the oblique (or angled) cutting method, and each blast 445 

hole adopts a forward continuous charge structure; The footage advance per blasting excavation in this 446 

roadway is 1.0 m. 447 
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 448 

Fig.16 Blasthole arrangement. (a) The front view of the blasthole layout in the working face, there were 5 449 

cutting holes, 19 auxiliary holes and 55 peripheral holes. (b) The left view of the blasthole arrangement in 450 

the working face, which only contains some blastholes that can reflect the length and inclination of 451 

different blastholes; (c) The top view of the blasthole arrangement in the working face, which only contains 452 

some blastholes that can reflect the length and dip angle of different blastholes. 453 

In addition, the gas concentration in the return air flow at 10 m from the excavation face was 454 

monitored before and after each blasting. The monitoring method is that before blasting excavation, two 455 

symmetrically arranged rectangular grooves (the bottom of the rectangular groove is 2.0 m away from the 456 

roadway floor) were excavated in the roadway section at a distance of 10 m from the excavation face. 457 

Then the two gas detectors were fixed in the rectangular groove and covered with a rubber sleeve with 458 

some through hole, and then the gas concentration near the excavation face during blasting excavation was 459 

detected. The larger value of the two detectors' test result is taken as the final test result. In addition, in 460 

(a) 

(c) 

(b) 
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order to facilitate the observation of the change of gas concentration before and after blasting excavation, 461 

this time only the maximum values monitored per minute are listed, as shown in Fig.17. 462 
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 463 

Fig.17 The variation law of gas concentration in the upper corner of roadway excavation face before and after blasting. 464 

Fig. 17 demonstrates that the gas concentration near the excavation face exhibited a notable increase 465 

before and after the five blasting operations, rising from 0.02% prior to blasting to between 0.20% and 466 

0.28% post-blasting. Nevertheless, the implementation of high and low negative pressure dual drainage 467 

interception boreholes facilitated a rapid restoration of the gas concentration to its original level of 0.02% 468 

within 2 to 4 minutes following the blasts. This indicates that, despite the blasting disturbances, a small 469 

volume of gas from the surrounding rock fractures can briefly penetrate the dual interception system of 470 

the high and low negative pressure drainage interception boreholes. The primary reason for this occurrence 471 

is that blasting induces instantaneous stress alterations and fragmentation of the rock mass at the 472 

excavation face, subsequently impacting the surrounding drainage interception boreholes. However, once 473 

the effects of the blasting disturbance dissipate, the dual drainage interception system is able to 474 

comprehensively intercept gas once again, thereby swiftly and effectively controlling the gas concentration 475 
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at the excavation face. This performance highlights that the interception capabilities of the high and low 476 

negative pressure dual drainage interception boreholes adequately satisfy the requirements for safe 477 

roadway excavation. 478 

4. Discussion and limitation 479 

4.1 Analysis of gas migration process 480 

According to the detection results of the main gas circulation channels and the analysis results of the 481 

main sources of gas in the excavation face of the 221 East Wing Track Roadway, it can be seen that the 482 

gas in the excavation face of the roadway is migrated from the gas of the 5# coal seam below it to the gas 483 

circulation channel in front of the roadway through geological fissures, and finally enters the roadway 484 

through the blasting cracks in front of the excavation face. In order to facilitate the analysis of the migration 485 

process of gas from coal seam to roadway, we regard the coal seam and rock stratum connected by fractures 486 

as a closed combination. When this combination is not disturbed by external disturbance, the gas in coal 487 

seam will migrate to the interior of rock fissure and gradually reach the equilibrium state. When the coal-488 

rock combination is disturbed by the external environment, so that its own cracks are connected to the 489 

external environment, the original gas balance state inside the coal-rock combination will be broken, and 490 

the gas will be quickly moved to the external environment under the influence of its own pressure gradient 491 

and concentration gradient, forming a gas flow field [38-39]. In this process, the dynamic balance between 492 

the adsorbed gas and the free gas in the coal seam is also broken. In the whole process of gas migration 493 

from the coal-rock combination to the external environment, the coal seam has always played the role of 494 

gas supply source, while the rock layer plays the role of gas circulation channel, continuously transporting 495 

gas to the external environment until the gas in the coal-rock combination reaches a new dynamic balance 496 

with the external environment. 497 
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4.2 Supplement measure 498 

During the operation of the interception borehole designed to extract gas from the fractures 499 

surrounding the roadway, fissure water from the roof sandstone of the 2# coal seam inevitably enters the 500 

drainage pipeline along with the gas. This leads to an increasing accumulation of water within the pipeline, 501 

which significantly hampers the effective operation of the mine drainage system. To mitigate water 502 

accumulation in the drainage pipeline and minimize the labor burden on staff, multiple automatic water 503 

dischargers have been installed along the high and low negative pressure drainage pipelines within the 504 

roadway (Fig.18). Specifically, six automatic water dischargers have been placed on the high negative 505 

pressure drainage pipeline, while two have been installed on the low negative pressure drainage pipeline. 506 

 507 

Fig.18 The connection between the automatic water discharger and the drainage pipeline 508 

In parallel, to enhance the safety of the roadway excavation process, the excavation of the 221 East 509 

Wing Track Roadway is temporarily halted after approximately 13.0 m of advancement, and four 510 

penetrating holes are created in the excavation face. These holes connect the excavation face with the 511 

Ventilation-Connection Laneway, facilitating early exposure of the 3# coal seam, thereby accelerating gas 512 

emission from the coal seam. This strategy also serves to reduce ventilation resistance in the excavation 513 
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roadway and increases the gas dilution rate at the excavation face. The construction parameters for each 514 

penetrating borehole are detailed in Table 6, and their layout is illustrated in Fig. 19. 515 

Table. 6 Construction parameters of each through-hole 516 

Hole number Azimuth/ ° Inclination/ ° Aperture/ mm Drilling depth/ m 

No.1 18.4 19.7 113 43.6 

No.2 18.4 19.7 113 43.6 

No.3 18.4 19.7 113 43.6 

No.4 18.4 19.7 113 43.6 

 517 

Fig.19 Distribution of through-hole 518 

4.3 Limitation 519 

Furthermore, the distribution of high and low negative pressure drainage interception boreholes 520 

around the roadway, along with the extent of the loose circle of the surrounding rock, indicates that the 521 
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low negative pressure drainage interception borehole is likely to make direct contact with the air in the 522 

roadway. This contact can significantly diminish its operational efficiency. Conversely, when the low 523 

negative pressure drainage interception borehole is positioned away from the loose circle of surrounding 524 

rock, the intention to reduce the blank zone—defined as the area unaffected by the drainage interception 525 

borehole—between the high and low negative pressure drainage interception boreholes necessitates an 526 

increase in the number of drainage interception boreholes, thereby escalating the overall workload. 527 

Consequently, it is imperative to optimize the layout of the drainage and interception boreholes to ensure 528 

both operational efficiency and a reduction in drilling construction. This optimization remains an area that 529 

has not yet been fully addressed. In addition, this paper only briefly analyzes the migration process of gas 530 

from coal seam to roadway, and lacks profound theoretical analysis. This gap represents a focal point for 531 

our future research endeavors. 532 

5. Conclusion 533 

This study utilizes the 221 East Wing track roadway of Liu Jia Liang Coal Mine as the experimental 534 

context. It systematically examines the application of gas drainage and interception technology, focusing 535 

on the gas flow pathways, primary gas sources, and the loose circle surrounding the roadway rock. The 536 

key findings of this research are as follows: 537 

1) Gas drainage interception technology fundamentally constitutes a gas drainage method, where the 538 

technical principle revolves around altering the original gas flow path through the application of negative 539 

pressure. The implementation of this technology encompasses several critical processes, including the 540 

detection of gas flow channels, analysis of primary gas sources, determination of the loose circle range 541 

surrounding the roadway, strategic layout of gas drainage interception boreholes, and subsequent 542 

evaluation and optimization of application effectiveness. 543 
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2）By using different research methods, it is found that the gas channel of the excavation face of 221 544 

East Wing Track Roadway is mainly located in the front and upper part, and the gas source is mainly 5# 545 

coal seam under the roadway; The range of surrounding rock loose circle formed after roadway excavation 546 

is 0.65 ~ 2.30 m. 547 

3) In alignment with the specific conditions of the 221 East Wing Track Roadway, which is situated 548 

between coal seams, the high and low negative pressure dual drainage interception technology is employed 549 

to effectively intercept gas primarily originating from the 5# coal seam beneath the roadway. This approach 550 

significantly contributes to ensuring the safe excavation of the roadway. 551 
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