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Experimental Study on Mechanical Cavitation for Pressure Relief and Permeability Enhancement in
Bedding Boreholes of Outburst Coal Seam
XIE Jun', ZHU Jian®*, HU Guozhong®
(1.Lu’an Chemical Sijiazhuang Co., Ltd., Jinzhong, Shanxi 045300, China;
2.School of Mines, China University of Mining and Technology, Xuzhou, Jiangsu 221116, China)

Abstract: Pre-drainage of bedding boreholes before mining is one of the main methods for coal seam outburst elimination in
working face. However, most of the outburst coal seams in China have low permeability, resulting in unsatisfactory gas
drainage effect, which seriously limits the implementation of this technical measure. In view of the extraction conditions of
bedding boreholes in 15111 working face of Sijiazhuang Company, the equipment system and process flow of pressure relief and
permeability enhancement for mechanical cavitation of bedding boreholes were put forward. The variation characteristics of coal
seam stress and gas content around the mechanical cavitation boreholes were studied, and the influence of the diameter of the
cavitation borehole on the pressure relief and permeability enhancement of the coal seam was revealed, and the process
parameters of the mechanical cavitation borehole in the 15111 working face were determined. On this basis, the industrial test
of mechanical cavitation pressure relief and permeability enhancement in the return airway of 15111 working face was carried
out. The results show that the mechanical cavitation of bedding boreholes increases the exposed area and pressure relief range of
coal around the borehole, and improves the influence radius of borehole gas extraction. The gas extraction amount of
mechanical cavitation is 8.06 times that of ordinary bedding boreholes, and the volume fraction of gas extraction is 153.4 %
higher than that of ordinary bedding boreholes, and the effect of permeability enhancement is remarkable. The research results
provide an empirical reference for regional outburst prevention in mines with similar conditions.
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Table 3 Comparison of extraction volume with

different types of drill holes

HIOR B/ AORICWR AR R

m?® m? %
DN400 mm ¥ 7 fL 61 027.2 9 783.3 16.03
3 A £L 18 950.4 1214.3 6.40
4 b

(D i@t COMSOL BUE AU gt sr 1745 &
TR T 15 552002 8 FL ALK 3 7B 7 4 R
(18 7 T 15 A 7R, B A 5 3 I 3 R SH K A
RCHH R 2 A2 REED P 90 FERE B, LA s R R
R 1B R

(2) 255 FLAIU AR 7o P 1 O T IRk 11 2
T ARURT B LS B 4 0 1 P81 908 L. B K T B LS
FUHT L S04 0 5 T R 38 R T R L B B R S g
BB 7R 180 d B, DN400 mm #HLAHE 7 A LAY



130 gL B R S5 A 2025,45(5)

AR R R R R LY 2.3 %

(3) Bk 56 th DN400 mm HLAK & 745 FL Y
FUIT AR AR Bt il L4 & 1 153.4 00 L il R O R
S JE B LAY 8.06 A, AR R A5 F] 16,0300, 2
30 B FL A R R 0 2.5 475, UE B BLAE 1 7B FL
TEABEJZ I 28 05 T 2 A B ORI #

2 % LK (References) :

C1] WAL BRARRL B 3 R IR AR T 5% IR B 9 3 By 6 7
BrlJ T R4, 2016,44(1) :39-46.

LAN Hang, CHEN Dongke, MAO Debing. Current status

of deep mining and disaster prevention in Chinal[ J]. Coal

Science and Technology,2016,44(1) :39-46.

(2]  WED, ERELEGRN, 55 AR5 5 5 0I5 00 F 3T 5 T A
WHoEL) ] A J1o8 5 TR, 2009, 28(12) : 2527-2534.
HU Guozhong, WANG Hongtu, FAN Xiaogang, et al.
Investigation on law of methane gas flow in coal with coal
gas outburst hazard and low permeability [ J ]. Chinese
Journal of Rock Mechanics and Engineering, 2009,28(12) :
2527-2534.

(3] ET Mg, x5 K g oL k030 4 i 1 g A 5 [0 0. 4 ¢
A,2018,37(10) :223-225.

WANG Xue, XIE Feiyang, LIU Wei. Experimental study

on gas enhancement of hydraulic punching hole [ J]. Coal

Technology,2018,37(10) :223-225.

[4] CUIJ Q. HOU Y B, XIE SR, et al. Study on the effect of
strain-softening on permeability and gas pressure in
surrounding rocks of a hydraulic flushing borehole[ J]. ACS
Omega,2023.8(17):15501-15517.

[5] WA, MRS~ TR H, 5 N A R 5 R 2 T e K Bl
ALK T3 A LBARBEFEL) T AR A 2024,43(3) :154-159.
WEN Zhiqgiang, CHEN Xuexi, JIN Feiyang, et al. Research
on technology of directional long drilling combined with
hydraulic punching for high stress soft outburst coal seam
[J].Coal Technology,2024,43(3) ;154-159.

[6]  EWRA, 2. B i K ) 5% B 5B AR A <7 L0 14 ;.
FHRFFELT ] v [ L 2021, 47(5) + 35-40.

WANG Xiaodong, LI Yaogian, WEI Chengmin. Application

research on hydraulic extrusion outburst prevention

technology in SiJiazhuang Mine[ ] ].China Coal.2021,47(5) ;

35-40.

[7]  BRm 7, EIEFRGL -, 5 K I35 I 28 H AR e K I Sk
7 P A R LT R BB R 2012, 40(3) £ 49-52.
CHEN Xiangjun, WANG Zhaofeng, CHENG Yuanping, et
al. Application of outburst elimination technology with
hydraulic pressing to seam gateway driving in Shuijingtou
Mine[ ] ].Coal Science and Technology,2012,40(3) :49-52.

[8] WANG Z F, LIU J, LI Z Q, et al. Study on mechanism of
outburst prevention by hydraulic extrusion measure based on
numerical simulation [ ] ]. Progress in Safety Science and

Technology,2004,4:2159-2163.

9]

[10]

[11]

[12]

[13]

[14]

[16]

X AT, B AR TR LR 1 B A A v b I ) AR 3B S e T
PR IG5 B 38 A L) 8 0 5 o i, 2014, 34 (2)
145-152.

ZHAO Baoyou, WANG Haidong. Feasibility of deep-hole
blasting technology for outburst prevention and permeability
enhancement in high gas content coal seams with low
permeability subjected to high geo-stress[]]. Explosion and
Shock Waves,2014,34(2) :145-152.

GAO F, LI X, XIONG X, et al. Refined design and
optimization of underground medium and long hole blasting
parameters: a case study of the gaofeng mine [ ] J.
Mathematics,2023,11(7):1612.

WIS A R S OB T S K A M AR AL B R T
2 100 BB AL EAE S BRI 5T LT ] e 22 4R, 2020, 45 (3 T
2):813-822.

HU Guozhong, YANG Nan, ZHU Jian, et al. Evolution
characteristics of microwave irradiation on pore-permeability
and surface cracks of coal with water: an experimental study
[J]. Journal of China Coal Society, 2020, 45 ( Suppl. 2):
813-822.

YR RAR R VPR, S AT 4 U B0k 3 0 1 A AR 307 A
W B HL R 5 (], P ok K 2 42 4R, 2017, 46 (3)
480-484+492.

HU Guozhong. ZHU Yiran, XU Jialin, et al. Mechanism of
the controlled microwave field enhancing gas desorption and
diffusion in coal[ J].Journal of China University of Mining
and Technology,2017,46(3) :480-484+492.

KR, BRI BRER 55 K G %o 8 J2 43R BFF / fifk W AW A T AF
FEk L) ] HRL £ AR, 2023,51(2) : 256-268.

ZHENG Chao, MA Dongmin, CHEN Yue. et al. Research
progress micro effect of water on coalbed methane
adsorption/desorption [ ] J. Coal Science and Technology.
2023,51(2):256-268.

T A5 50, R IBL  AX DCAT L A5 WL B o 1Y 3 R 7 B AR R 2 )2
il R Bl AL B R BIEFELT T AT B . 2023, 44(2) 1 137-140.
YT Shugang, HAO Dian, ZHAO Qinghong, et al. Study on
application of mechanical caving and permeability increasing
technology in hard coal seam cross seam drainage drilling
[J].Coal Mine Machinery,2023,44(2) ; 137-140.

RS F5 2, Ay LD i U 307 AU 3 e e R WLt o i
BEH AT MR A 2020,39(6) :126-128.

DENG Shujun, YANG Pinging. Mechanical cavitation for
high gas and low permeability hard coal seams research on
pressure relief and antireflection technology [ J ]. Coal
Technology.2020,39(6) :126-128.

Al . B T Al SR Bl AL AL AR I OB SE B S A R LT ] e B
$.,2021,42(5):110-113.

WU Peiwu. Practice and understanding of mechanical hole
making in gas drainage drilling [ J ]. Coal Science and

Technology Magazine,2021,42(5) :110-113.



WAL R R B B AR SLALR & R F R E R AR AT A LA R S K .2025,45(5). 131

(171

(18]

[19]

[20]

[21]

SRR 45 R B R LR o ROR 4 T 5
(IR AR . 2021,40(5) 1 135-137.

WANG Yimin. Analysis and application of mechanical
acupoint and anti-reflection in different coal seams[]].Coal
Technology,2021,40(5) :135-137.

2245k X Ak R R T AL AR 7\ Y B L B 30T 5 Ak 4 R R
ST BB R . 2015,43(5) :58-61+86.

MOU Quanbin, ZHAO Jizhan. Study on enhanced gas
drainage technology of borehole gas based on mechanical
borehole reaming[ ] ].Coal Science and Technology,2015,43
(5):58-61+86.

FiFEEARIL AR SE WU LG4 18 3% I ) 4% fb
T[] M54 4, 2024,55(1) 1 28-33.

WANG Haichun, LEI Dongji, DAI Zhenhua, et al. Study on
stress change law of coal body permeability improvement by
mechanical reaming[ ] ].Safety in Coal Mines,2024,55(1) :28-33.
GAO Y B, LIN B Q. YANG W, et al. Drilling large
diameter cross-measure boreholes to improve gas drainage in
highly gassy soft coal seams[ ]]. Journal of Natural Gas
Science and Engineering,2015,26:193-204.

B S SRR, £ AL AR ARE B S T A [ - R B A
AR BUERHIL ] P 0l K2 24312, 2011,40(1) 146,

[22]

[23]

[24]

HU Guozhong, XU Jialin, WANG Hongtu, et al. Research
on a dynamically coupled deformation and gas flow model
applied to low-permeability coal [ J ]. Journal of China
University of Mining and Technology,2011,40(1) :1-6.

P A A, 2% AR IR S i R R (B AR  1E S s SE
BAREFE )] AT IR 5 HF % . 1997(3) :61-654100.

RAN Qiquan., LI Shilun. Study on dynamic model of
{luid-solid

physical parameters in coupling  reservoir

simulation [ J ]. Petroleum Exploration and
Development,1997(3) :61-65+4100.
SAGHAFI A, FAIZ M, ROBERTS D. CO; storage and gas

numerical

diffusivity properties of coals from Sydney Basin, Australia
[J]. International Journal of Coal Geology, 2007, 70 (1)
240-254.

HU G Z, WANG H T, FAN X G, et al. Mathematical
model of coalbed gas flow with Klinkenberg effects in multi-
physical fields and its analytic solution [ ] ]. Transport in
Porous Media,2009,76(3) :407-420.

ZHOU Y. RAJAPAKSE R K N D, GRAHAM J. A coupled
thermoporoelastic model with thermo-osmosis and thermal
filtration[ ] ].International Journal of Solids and Structures,

1998,35(34) :4659-4683.



