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Abstract 

For enhancing the effect of gas extraction, applying Wuyang Coal 

Mine in China as the engineering background, the technology of 

hydraulic cavitation at the top and bottom of soft coal (HCTBSC) 

with low permeability was put forward. FLAC3D was utilized to build 

the calculation model, and Tecplot was employed to process data of 

the results, revealing the characteristics of stress variation in coal 

seam for different cavitation radius and different distribution forms 

of cavitation. The field test scheme of HCTBSC was determined to 

verify the simulation results.  Results show that the effectiveness of 

stress relief (ESR) is controlled by the cavitation radius and 

cavitation distribution forms. The dimension of pressure relief 

emanates via the cavitation elongating outward with the cavitation 

radius, and the stress changes in the coal are different due to different 

cavitation distribution forms. The field test proves that the 

technology of HCTBSC is more effective in relieving pressure, 

increasing the productiveness of gas extraction, and decreasing the 

scourge of coal and gas protrusion. The obtained conclusions in this 

study provide guidance for the hydraulic cavitation application in soft 

coal.   
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Introduction 

 

Recently, with the development of coal mining, the coal resources in shallow layers have been exhausted. 

With the gradual increment of coal exploiting depth, the gas pressure and ground stress have also increased. The 

increasing coal depth triggers the progressive weakening of coal permeability, making it difficult for gas extraction 

and causing the high frequency of coal and gas protrusion (Xie et al., 2012; Soleimani et al., 2023; Kataoka et al., 

2017; Wang et al., 2021a; Kim and Jeong, 2021; Chen et al., 2022). 

The permeability of coal is an essential coefficient to measure the gas extraction capacity of a coal seam. In 

low-permeability coal, especially in soft coal, corresponding measures must be taken to promote pressure relief 

and improve the permeability of coal, improve gas extraction conditions, and realize the rapid deconstruction of 

working faces (Garagash et al., 2019; Yuan et al., 2015; Si et al., 2019; Jeffrey et al., 2015). At present, hydraulic 

measures (Ahamed et al., 2021; Vasyliev, 2019; Huang et al., 2013; Black, 2019; Lu et al., 2022; Ivakhnenko et 

al., 2017; Li et al., 2020) are usually utilized to relieve pressure and improve the permeability of coal. Different 

hydraulic ways produce different effects of depressurization on coal, coal and gas protrusion prevention and 

control, and subsequent coal roadway excavation and retrieval. 

Thus, it is important to investigate the antireflection measures of coal, summarize and analyze the advantages 

and disadvantages of different antireflection measures, and provide technical guidance for gas extraction, relieving 

pressure and improving the permeability of coal. 

 

State of the art 

 

Making hydraulic cavitation in coal means that a high-pressure water jet is utilized to cut the coal around the 

borehole, and a wide territory of cavitation is formed in the coal. The coal adjacent to the cavity moves to the 

orientation of the borehole under the ground stress, and the old crevices among the coal are constantly enlarging 

and elongating. While a lot of new crevices are arising, which improves the permeability of the coal and the 

productiveness of gas extraction. Aimed at the problems of gas pre-drainage and low-drainage in deep coal, Gu 

and Wu (2021) investigated the impacts of gas drainage and crack enlargement in coal under different coal 

generation situations. Cao et al. (2021) derived the relationship between the effective gas drainage range and the 

hydraulic punching radius and gave the theoretical equation between the total gas drainage and the effective 

drainage radius. Hao et al. (2014) studied the gas drainage radius of hydraulic flushing and optimized the 

parameters of borehole arrangements. Zberovskyi et al. (2020) utilized the acoustic detection system to monitor 

the hydraulic impact disintegration effect of the outburst-prone coal in the development roadway. Wang et al. 

(2022) built a soft coal model with numerical software and evaluated the effect of hydraulic cavity pressure relief 

by down-seam and through-seam. Li and Teng (2021) analyzed the impact of drill hole spacing and hole diameter 

on gas compression, gas-containing capacity and coal permeability by numerical simulation, and they optimized 

the arrangement scheme of the bottom drainage roadway through the layer drilling. Liu et al. (2021) investigated 

the water jet laminar hydraulic punching technique for soft coal through experiments and numerical simulations 

and studied the laws of hydraulic punching jet branch number, gas-containing capacity and compression changes 

in coal. The hydraulic cavitation will form a large stress concentration region in the coal, which will bring safety 

hazards for the subsequent roadway excavation and coal retrieval. 

Many scholars have sufficiently explored the mining of coal, utilized to promote pressure relief and improve 

the permeability of coal and increase the productiveness of gas extraction. Yang and Zhou (2022) experimentally 

investigated the force and failure characteristics of coal perturbed by coal mining with cyclic loading. Yan et al. 

(2018) analyzed the fracture development zone of coal under the impact of mining and revealed that the distribution 

range moved forward as the working face advanced. Liu et al. (2009, 2014) found that after performing ultra-thin 

coal mining, the ground stress in the sheltered coal was reduced, and the deformation of the coal led to improved 

permeability and enhanced the productiveness of gas drainage. Cheng et al. (2018) took the soft rock layer as the 

conserved stratum mining and used the numerical method to study the mechanism of relieving pressure and 

improving the permeability of coal after coal mining. Li (2014) investigated the stress, permeability coefficient, 

and productiveness of gas drainage within the coal after thin coal seam mining in Yi'an mine, China. Yao et al. 

(2016) illustrated the impacts of the effectiveness of stress relief on the overlying coal stress, gas pressure, and 

coal permeability, and they analyzed the influence of coal mining and gas drainage on coal gas transport. Jiang et 

al. (2019) proposed an anti-scouring scheme for local protective layer mining and analyzed the mechanism of anti-

scouring and large deformation hazard by numerical analysis method. The protective seam mining of sheltered 

coal effectively relieves pressure and reduces stress concentration in the coal due to cavity creation, but the 

protective seam mining cannot be applied in coal that does not have a protective seam. 

To obtain a better effect of relieving pressure and improving permeability in coal, some scholars have 

combined two or more measures of relieving pressure and improving the permeability of coal. Wei et al. (2021) 

proposed a method that combined hydraulic slotting and liquid CO2 injection to increase the permeability of coal 

and strengthen gas drainage productiveness. Xu et al. (2021) developed a new permeability enhancement technique 
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of "hydraulic flushing plus air cannon explosion" for vulnerable low-permeability coal, and they found the effect 

of different explosion times in the borehole after flushing on the permeability and the productiveness of gas 

drainage from the coal. Li et al. (2021) proposed the joint penetration technique of hydraulic flushing and deep 

hole pre-splitting bursting. They analyzed the mechanism of this technique and studied the stress allocation and 

expansion rhythmical of explosive crevices in coal under diverse clearance between the detonation hole and the 

controlled retrieval hole. These investigations show that the combination of two or more pressure relief measures 

has markedly improved the productiveness of gas extraction, but few scholars have discussed the ESR of coal after 

the combination of protective strata mining and hydraulic cavitation measures. Therefore, it is necessary to 

investigate the combination of different pressure release techniques to explore more appropriate pressure relief 

and gas drainage measures for coal. 

While other scholars have performed lots of research on coal hydraulic cavitation, providing theoretical 

guidance for coal mine construction and obtaining rich scientific outcomes. However, regarding the coal that is 

suitable as a protection layer for mining, and at the same time avoiding the stress centralization generated by the 

cavity creation in the coal, ensuring the smooth excavation of the roadway, it is necessary to adopt a more suitable 

method to promote relieving pressure and improving permeability of coal and improve the gas resolving rate and 

gas drainage effect. Stem from a previous investigation, this study proposed the technology of HCTBSC, in which 

the 0.5 m-thick coal body at the top and bottom of the coal (TBC) is used as the "protective layer" of the coal, and 

the hydraulic cavitation was carried out at this layer. A model was built by FLAC3D to investigate the effects of 

cavitation radius and cavitation distribution forms on the stress changes of the coal. The practicality of HCTBSC 

was verified by the field tests. 

The rest of this study is organized as follows. The relevant background and the research methods are described 

in the section Materials and Methods. Then the results and discussion are given, and finally, the conclusions are 

summarized. 

 

Materials and Methods 

Engineering Background 

The drilling interval type hydraulic cavity was adopted in the Wuyang coal mine in China to relieve pressure 

and increase penetration technology in the 80-0305 bottom pumping lane to increase the productivity of gas 

drainage and the excavation speed of the 8005 return air lane and 8003 transport lane. 80-0305 bottom pumping 

lane drilling design and final hole plan are shown in Fig. 1. The result of field application shows that this 

technology has greatly ascended the productiveness of gas drainage in coal roadway excavation, but there are still 

some problems to be optimized:  

(1) Low construction efficiency, the volume of coal output from hydraulic cavity making is large, the 

construction time of a single cavity of the borehole was prolonged, and the construction efficiency of the borehole 

is low.  

(2) The dimension of stress relief (DSR) of hydraulic cavitation is controlled by the structure of the coal body. 

The stress centralization zone is easily formed around the hole after hydraulic cavitation. 

 

(a) Drilling design drawing (unit: m)                                              (b)  Layout plan of boreholes termination (unit: m) 

Fig. 1. Drill hole design and layout of final holes. 
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In view of the problems in the Wuyang coal mine, the technology of HCTBSC was proposed. The coal below 

the apical plate and above the baseplate of the coal was selected as the hydraulic cavitation layer, using directional 

water jets for hydraulic cavitation along the top and bottom plates, which can improve the efficiency of relieving 

pressure and improving permeability in coal, to effectuate the efficient mining of low-permeability soft coal. 

Numerical simulation analysis 

The computational model. FLAC3D numerical simulation technique was implemented to observe the stress 

changes after HCTBSC and in the middle of the coal under different cavitation radii (Pezdevsek et al., 2022; Wang 

et al., 2021b; Godec et al., 2021). A multi-borehole model was established, which analyzed the interaction impact 

of stress changes among boreholes with different cavitation radii and different cavitation distribution forms, 

guiding the construction of actual through-seam hydraulic cavitation boreholes. 

According to the Wuyang coal mine, we built a single-hole model of 15 m × 15 m × 14 m within FLAC3D 

(Long et al., 2021; Kolomiets et al., 2021; Wang et al., 2021). The model was segregated into 3 strata; the top-

down order is sandy mudstone (apical plate), primary hard coal, and sandy mudstone (bottom plate). For example, 

the model clustering and cavitation schematic is shown in Fig. 2 with the cavitation radius R = 0.6 m.  

Model parameter settings. After the modelling is completed, assigning the mechanical parameters to the 

coal rock body in the model is indispensable. According to the mechanical parameter information of coal rock in 

the Wuyang coal mine, the model was divided into three layers: coal bottom, primary coal and coal top; the 

corresponding thicknesses were 4.7 m, 5.54 m, and 3.76 m. The thicknesses of coal rock layers and their 

mechanical parameters are shown in Table 1. 

 

Fig. 2. Model grouping and hydraulic cavitation diagram. 

Tab. 1. Mechanical parameters of coal strata in Wuyang Coal Mine. 

Name 
Thickness 

[m] 

Density 

[kg/m3] 

Tensile strength 

[MPa] 

Cohesion  

strength [MPa] 

Bulk modulus 

[GPa] 

Poisson' 

ratio 

Internal friction  

angle [°] 

Sandy mudstone 3.76 2500 0.8 7.0 4.01 0.23 24 

No. 3 coal 5.54 1350 0.64 1.4 1.19 0.28 16 

Sandy mudstone 4.70 2500 0.8 7.0 4.01 0.23 24 

 

HCTBSC was performed in the coal; the cavitation radius R was separately interposed to 0.4 m, 0.6 m, and 

0.8 m, respectively. The cavitation length was 0.5 m thickness of coal of TBC, the radius of the borehole in the 

baseplate, and the primary coal where the cavitation was not performed was 0.05 m. Around the model was roller 

support; the underneath was fastening enslavement; the upper was the free boundary. Considering the dead weight 

of the overlying stratum, applying the normal stress of 15.1 MPa to the upper apex of the model, and the normal 

stress was calculated in Eq. (1). The stress in the horizontal direction coincides with the stress in the vertical 

orientation, the coal rock body was in the hydrostatic stress state, the modelling was completed to calculate the 

model and analyze the calculation results. 

v Hγσ =                                                                                    (1) 

where, vσ  is the normal stress of coal, MPa.  γ  is the bulk density of overburdened rock stratum, 25 kN/m3. H is 

the embedded depth of coal, m. 

Design of field experiments. According to the construction of the 8000 bottom pumping lane in the Wuyang 

coal mine, the segment of 500-550 m was selected from the lane entrance in the lane as the trial area. There were 

8 sets of boreholes in the left gang of the roadway in the trial zone; the spacing among each set of boreholes was 
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5 m, each set of boreholes was arranged in 2 columns, and the spacing between columns was 2.5 m. Each column 

is arranged in two rows; the spacing between rows was 0.3 m, the lower row of boreholes was 2.3 m above the 

bottom of the roadway, the upper row of boreholes was 0.3 m below the top of the roadway, and each row was 

arranged with 4 boreholes. The design length of the boreholes varied greatly due to the angle of the borehole 

construction, and the depth of the boreholes was generally between 50 and 90 m. The schematic opening and final 

arrangement of HCTBSC are shown in Fig. 3. After the completion of the drilling construction, the borehole was 

sealed, and the gas drainage consistency of a piece borehole was monitored and recorded regularly so as to compare 

with the gas extraction consistency of the borehole interval type middle coal hydraulic cavern used in Wuyang 

coal mine. 

 

(a) Diagram of opening borehole position (unit: m)                             (b) Final hole layout (unit: m) 

Fig. 3. Drilling design and final hole layout.  

 

The borehole was drilled to 0.5 m inside the apical plate of the coal; hydraulic cavitation was made below the 

apical plate and above the baseplate of the coal with 0.5 m thickness during the retreating process. The location of 

the hydraulic cavitation in the coal is shown in Fig. 4. When the drill pipe was retired to the hydraulic cavitation 

position. It was necessary to increase the water pressure of the branch water pumping truck to 18-22 MPa for 

cavitation; the drill pipe speed should be kept at about 120-180 rad/min during cavitation. It should be recorded in 

detail during the cavitation process, with 0.5 m³ of coal output per cavitation as the accepted standard, ensuring 

that the cavitation operation was stopped when the borehole returns clear water or no obvious coal slag or coal 

chips. After the cavity making was completed, all the drill pipes would be withdrawn, the borehole sealing and 

gas drainage were carried out, and the gas drainage consistency could be monitored regularly. 

 

Fig. 4. Diagram of hydraulic cavitation of coal. 

 

Results and Discussion 

 
Principal stress analysis of HCTBSC  

Single-hole principal stress analysis of HCTBSC. After HCTBSC is completed, the maximum and 

minimum principal stress allocations within the coal are shown in Fig. 5. The stress of the coal adjoins the 
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cavitation chamber and generates a secondary distribution. With the prolongation of time, the stress in the coal 

gradually releases. The coal body in the primary coal expands and deforms adjacent to the cavitation chamber. 

The length and width of the old fissures in the coal further expand while a lot of new crevices arise inside the coal. 

The perviousness of the coal is improved, and the gas resolving rate is increased. The gas in the coal is gradually 

extracted and finally reaches the goal of relieving pressure and increasing permeability. 

In Fig. 5, with the increment of cavitation radius, the DSR in the native coal gradually enlarges. When the 

cavitation radius of TBC is 0.4 m, a dumbbell-like DSR is generated in the coal, and the vertical distance is 1.5 m 

between the edge of the stress area of less than 14 MPa in the DSR and the center axis of the borehole. With the 

gradual enlarging of the cavitation radius, the area is gradually extended to two-side of the borehole and alongside 

the vertical orientation of the coal with the cavern chamber as the center, the DSR and tensile stress are more 

obvious, while the DSR is gradually transformed the dumbbell-shaped into an hourglass shape. When the 

increment of cavitation radius to 0.8 m, the hourglass pressure area becomes more obvious. The vertical distance 

is 2.4 m between the edge of the stress area, less than 14 MPa in the DSR, and the central axis of the borehole. 

Regarding the maximum principal stress, the stress centralization zone is mostly concentrated around the cavity-

making chamber of TBC and on two-side of the borehole. There is no large-scale stress centralization zone in the 

coal, which has less influence on the subsequent roadway excavation. 

 
(a) R=0.4 m 

 
(b) R=0.6 m 

 

(c) R=0.8 m 

Fig. 5. Single-hole stress variation of HCTBSC. 
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HCTBSC causes stress perturbation of different degrees in the whole coal area, and the minimum principal 

stress changes are the most obvious. The different ESR is generated in the area of the borehole and around the 

cavitation chamber, the adequate DSR is the coal nearby the cavitation chamber, and the ESR gradually decreases 

as the distance from the cavitation chamber increases. As for the maximum principal stress, the adequate zone for 

relieving pressure in the coal is the coal adjacent to the cavitation chamber, which is basically the same as the 

minimum principal stress. While the stress centralization zone mostly exists around the cavern chamber of TBC 

and two-side of the borehole. 

Multi-hole principal stress analysis of HCTBSC. Based on the single-hole numerical model, a numerical 

multi-hole model of HCTBSC was built to analyze the stress allocation and the ESR of coal under the joint 

interaction of boreholes. The borehole spacing was fixed at 5 m to compare the ESR when the cavitation radius of 

TBC was separately interposed to 0.4 m, 0.6 m, and 0.8 m. The simulation results are shown in Fig. 6.  

In Fig. 6, when the cavitation radius is 0.4 m, the generated stress disturbance is small by cavitation in each 

borehole; the ESR in the coal is weak. With the cavitation radius enlarging from 0.4 m to 0.6 m, the DSR generated 

by cavitation expands outward, and the DSR of the coal is approximate to a dumbbell shape by cavitation further 

extending to two-side of the borehole and alongside the vertical orientation.  

When the increment of the cavitation radius reaches 0.8 m, the DSR further extends outward, and the DSR of 

the coal generated by the two cavitation holes is interconnected at the lower boundary of the roof cavitation 

chamber and the upper boundary of the bottom cavitation chamber. With the increment of cavitation radius, the 

DSR expands from TBC to the middle of the coal. There is an oval area with a poor pressure relief effect between 

two adjacent boreholes in the coal. As for the maximum principal stress, the stress concentration phenomenon in 

the coal is approximate to the single borehole coal top-bottom hydraulic cavitation, which is mostly concentrated 

around the cavitation chamber and two-side of the borehole. 

When the borehole spacing is certain, as the increment of cavitation radius, the DSR in the coal develops to 

two-side of the borehole and alongside the vertical orientation of the coal until the DSR is connected between the 

adjacent boreholes, which causes a certain scope of stress turbulence to the whole coal area. The whole pressure 

discharge area with a better pressure discharge effect is formed in the coal, where the minimum principal stress 

change is the most pronounced. Therefore, being carrying out HCTBSC, we can consider increasing the cavitation 

radius to promote the pressure relief area to expand further outward and make the coal achieve a better pressure 

relief effect. But at the same time, we should also consider the influence of construction efficiency on the overall 

borehole construction. 
 

 
(a) R=0.4 m 
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(b) R=0.6 m 

 
(c) R=0.8 m 

Fig. 6. Porous stress variation of HCTBSC. 

 

Principal stress analysis of hydraulic cavitation in the middle of soft coal (HCMSC) 

To compare with the ESR of HCTBSC, the stress change of HCMSC was simulated and analyzed. After 

HCMSC is completed, the maximum and minimum principal stress allocation in the coal is shown in Fig. 7. 

In Fig. 7, as the increase of cavitation radius, the DSR in the native coal gradually increases. When the radius 

of hydraulic cavitation is 0.4 m, the DSR is formed in the middle of the coal with the cavitation chamber as the 

center in an approximate circle. The vertical distance is 2.1 m between the edge of the stress area of less than 14 

MPa in the DSR and the center axis of the borehole. With the increment of the cavitation radius, the area is 

expanded to the two-side and TBC with an approximately circular shape; the ESR gradually decreases with the 

increment of the distance to the cavitation chamber. When the increment of cavitation radius to 0.8 m, the DSR 

becomes more obvious in the coal, and the vertical distance is 3.2 m between the edge of the stress area less than 

14 MPa in the DSR and the central axis of the borehole. The DSR basically covers the overall coal. As for the 

maximum principal stress, after HCMSC is completed, an inconspicuous stress concentration area is visible around 

the cavitation chamber, which will create certain safety hazards for the subsequent roadway excavation. 

 

(a) R=0.4 m 

 
(b) R=0.6 m 
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(c) R=0.8 m 

Fig. 7. Single-hole stress variation of HCMSC. 

 

After the completion of hydraulic cavitation, an approximately circular pressure relief area centred on the 

cavitation chamber is formed in the coal. The DSR extends outward as the cavitation radius increases; the ESR is 

most effective adjacent to the cavitation chamber, and the ESR gradually decreases with the increment of distance. 

As for the maximum principal stress cloud, there is no obvious stress concentration area around the cavitation 

chamber. 

Multi-hole principal stress analysis of HCMSC. To investigate the interaction effect between the holes of 

HCMSC, a multi-hole model of HCMSC was built based on the single-hole model. The distance between the 

boreholes was fixed at 5 m, simulating and analyzing the ESR of coal with cavitation radius was separately 

interposed to 0.4 m, 0.6 m and 0.8 m. The related results are shown in Fig. 8. 

In Fig. 8, when the cavitation radius is 0.4 m, the DSR is interconnected on two-side of the cavitation chamber, 

and the ESR of the coal is poor. As the cavitation radius augments from 0.4 m to 0.8 m, the DSR is further 

superimposed on two-side of the cavitation chamber; the DSR also extends to TBC, following the vertical 

orientation of the coal. The adequate pressure relief region is the coal adjacent to the cavitation chamber; the ESR 

is the best, and the DSR basically overspreads the integral coal. As for the maximum principal stress, a stress 

centralization zone is formed in the coal adjacent to the cavitation chamber after the completion of hydraulic 

cavitation. With the increase of cavitation radius, the stress centralization phenomenon becomes more obvious. 

When the increment of cavitation radius to 0.8 m, the stress centralization zone is interconnected at the residual 

coal body between the two cavitation chambers. 

When the borehole spacing is certain, as the increase of cavitation radius, the ESR produced by HCMSC 

increases, and the connected area of the DSR in the coal gradually expands. The whole coal area is disturbed to 

different degrees. When the increment of cavitation radius to 0.8 m, the DSR overspreads the integral coal; the 

ESR produced by the cavitation is the most significant in the middle of the coal. 

 

(a) R=0.4 m 
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(b) R=0.6 m 

 

(c) R=0.8 m 

Fig. 8. Porous stress variation of HCMSC. 

 

Principal stress analysis of the combined hydraulic cavitation (CHC). The stress perturbation effects from 

different cavitation distribution forms are also different. Combining the above two distribution forms of hydraulic 

cavitation, the stress changes were analyzed in the coal under different cavitation radius conditions of combined 

hydraulic cavitation by numerical simulation. The distance between the boreholes was fixed at 5 m, comparing 

and analyzing the ESR of the coal with cavitation radius separately interposed to 0.4 m, 0.6 m and 0.8 m. The 

simulation results are shown in Fig. 9.  

In Fig. 9, when the radius of cavitation is 0.4 m, the stress perturbation of minimum principal between the 

boreholes of combined hydraulic cavitation is smaller; the smaller size of the cavitation chamber leads to weaker 

whole coal pressure relief. When the increment of cavitation radius to 0.6 m, the DSR increases significantly. The 

pressure relief area is first connected to the four corners of the DSR in the middle cavitation chamber and the DSR 

in the top and bottom cavitation chambers on two-side. When the increment of cavitation radius to 0.8 m, the scope 

of corner connection is larger. The DSR of the cavitation at the top and bottom expand and connect to the middle 

of the coal along the normal orientation; the ESR of the coal is better. As for the maximum principal stress, after 

the completion of the CHC, a stress concentration zone is generated in the coal body adjacent to the cavitation 

chamber; the stress concentration phenomenon generated by the CHC is a collection of the previously mentioned 

two cavitation measures. 

When the borehole spacing is certain, as the increase of cavitation radius, the ESR of coal produced by CHC 

gradually increases, the stress turbulence range emerged by single-hole hydraulic cavitation is interconnected, and 

the minimum principal stress value of the whole coal is reduced. 
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(a) R=0.4 m 

 

(b) R=0.6 m 

 

(c) R=0.8 m 

Fig. 9. Stress variation of CHC. 

 

Comparison of the ESR about porous hydraulic cavitation  

To visually analyze the coal stress of the above multi-hole cavitation measures, the calculation results were 

sliced and processed using Tecplot software, and the stresses in the coal body were extracted at the locations of 

model height (y-axis) h = 4.95 m, h = 7.47 m and h = 9.99 m, respectively. The layout of the monitoring lines is 

shown in Fig. 10. 

Compare the ESR of different cavitation radii. In Fig. 11, the stress allocation curves of the coal for the 

three cavitation measures with different cavitation radii. A set of curves in which the upper side is the minimum 

principal stress allocation curve, and the lower side is the maximum principal stress allocation curve. As the radius 

of the cavern increases, the minimum principal stress relief range gradually increases in the coal; the stress 

decreases at the uncavitated locations due to the ESR of cavitation. For the maximum principal stress, as the 

cavitation radius increases, the maximum principal stress in the coal adjacent to the cavitation chamber also 

increases. 
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Fig. 10. Arrangement of stress monitoring line. 

 

  

 

  

 
h = 4.95 m h = 7.47 m                    h = 9.99 m 
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(a) HCTBSC 

  

 

  

 
h = 4.95 m    h = 7.47 m                     h = 9.99 m 

(b) HCMSC 
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h = 4.95 m h = 7.47 m                    h = 9.99 m 

(c) CHC 

Fig. 11. Stress allocation curve with different cavitation radius. 

 

 

Compare the ESR of different cavitation distribution forms. In Fig. 12, the stress allocation curves of the 

coal for the three cavitation measures with different forms of cavitation distribution. A set of curves in which the 

upper side is the minimum principal stress allocation curve, and the lower side is the maximum principal stress 

allocation curve. When the borehole spacing is certain, as the cavitation radius increases, the coal's ESR increases, 

and the minimum principal stress value decreases. As for the maximum principal stress value, as the radius of 

cavitation augments, the maximum principal stress value increases, which is at a certain borehole spacing. Under 

the same overlying rock pressure, the amount of residual coal between cavitation chambers becomes narrower due 

to the increase of cavitation radius, leading to stress concentration in the residual coal between cavitation chambers. 
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h = 4.95 m h = 7.47 m           h = 9.99 m 

(a) R=0.4 m 
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 h = 4.95 m h = 7.47 m             h = 9.99 m 

(b) R=0.6m 
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         h = 4.95 m h = 7.47 m h = 9.99 m 

(c) R=0.8m 

Fig. 12. Stress allocation curve with different cavitation distribution forms. 

 

Field trial verification analysis 

Comparing the consistency of gas drainage. A total of 16 boreholes were selected from the 40 boreholes 

in the test area, including 8 HCTBSC, 4 conventional boreholes, and 4 cavitation boreholes in the borehole interval 

hydraulic cavitation area near the trial area. The gas consistency monitoring data of 16 boreholes from the 5th to 

the 12th week after gas drainage were analyzed by a line graph comparing the productiveness of gas drainage, as 

shown in Figs. 13 and 14. 

In Fig. 13, the gas consistency of the trial borehole is basically approximate to the cavitation borehole in 

interval hydraulic cavitation; the overall gas drainage consistency of the trial borehole is slightly higher than the 

cavitation borehole in interval hydraulic cavitation. While the gas drainage consistency decay rate of the boreholes 

is basically the same for the two technical measures, the two coal stratum decompression techniques can basically 

ensure that the gas drainage consistency of the borehole is still around 60% at the end of the third month. Therefore, 

regarding the cavitation borehole, the impact of the two-seam decompression techniques on the productiveness of 

gas drainage is not significant. 
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(a) No. 1 comparison hole                                                           (b) No. 2 comparison hole 

  
(c) No. 3 comparison hole                                                            (d) No. 4 comparison hole 

Fig. 13. Comparison of gas consistency between trial holes and cavitation holes. 

 

In Fig. 14, the gas consistency of the trial borehole is apparently better than the conventional borehole in the 

interval-type hydraulic cavitation borehole; the gas consistency decay rate between them is not much different. 

So, the productiveness of gas drainage from the trial borehole is better than the conventional borehole in the 

interval-type hydraulic cavitation borehole. 

  
(a) No. 1 comparison hole                                                           (b) No. 2 comparison hole 
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(c) No. 3 comparison hole                                                        (d) No. 4 comparison hole 

Fig. 14. Comparison of gas consistency between trial holes and cavitation holes 

 

In Figs. 13 and 14, the productiveness of gas drainage by HCTBSC is significantly higher than the interval 

hydraulic cavitation in the borehole. Therefore, the use of HCTBSC in the Wuyang coal mine can increase the 

productiveness of gas drainage, which can help to quickly eliminate the risk of protrusion in high gas areas and 

realize rapid roadway excavation. 

In Fig. 15, the gas drainage mixing amount of the trial borehole is only slightly higher than the interval-type 

hydraulic cavitation borehole, but the pure gas drainage amount of the trial borehole is significantly higher than 

the interval-type hydraulic cavitation borehole, which is 1.5 times than the pure gas drainage amount of the interval 

type cavitation borehole, the gas drainage of the 3# coal of Wuyang coal mine by using HCTBSC can better 

augment the productiveness of gas drainage, shorten the gas drainage time of Wuyang coal gas drainage standard 

time. 

 

Fig. 15. Comparison of gas extraction volume. 

 

Conclusions 

 

To solve the problem of the low effectiveness of hydraulic cavitation construction, forming the stress 

concentration areas in coal after cavitation, the technology of HCTBSC was proposed in the Wuyang coal mine. 

Using a research approach combining theoretical analysis, numerical simulation, and field test, the stress allocation 

was analyzed in coal after cavitation to compare the stress in coal under different cavitation radii and different 

cavitation distribution forms. The main conclusions are obtained as follows:  

(1) The ESR of HCTBSC, HCMSC, and CHC is related to the cavitation radius and the distance of the 

borehole. When the distance of the borehole is certain, as the increment of cavitation radius, the ESR progressively 

increases. 

(2) When the cavitation radius is different, with the increase of cavitation radius, the minimum principal stress 

relief range and the maximum principal stress value in the coal increase continuously. When the cavitation 

distribution form is different, the DSR of the three cavitation distribution forms is mainly concentrated around the 
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cavitation chamber; with the increase of cavitation radius, the DSR extends to all orientations in the coal with the 

cavitation chamber as the center. 

(3) The gas extraction data in the field test proclaim that HCTBSC improves the consistency and pure volume 

of gas drainage, proving the applicability of the technology in the Wuyang coal mine. 

Only the field test of HCTBSC was conducted; the comparison of the field test of HCMSC and CHC was not 

conducted. Therefore, the subsequent research will compare the coal permeability and gas seepage for the three 

hydraulic cavitation means mentioned in the study. 
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