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Abstract: The effect of a single hydraulic cutting is not very ideal for thick coal seam with low

permeability or coal seam with gangue to increase the permeability and release the pressure. In order to
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solve the above problem, taking the 21212 working face of Dongpang Coal Mine of Jizhong Energy Co. as
an example, this paper proposes hydraulic cutting cooperative pressure relief and penetration enhancement
technology in the upper and lower coal seam. According to the specific structure of coal seam, the
hydraulic cutting construction is carried out once in the upper and once in the lower coal seam. The
fractures generated by the 2 slots in the upper and lower coal seam continue to crack, expand and extend,
resulting in the full development of coal fissures between the hydraulic cutting holes, forming a three-
dimensional fissure network connected with each other. The network generates cooperative pressure relief
and penetration enhancement effects, and expands the effective extraction radius. In order to arrange the
test hole spacing of hydraulic cutting more reasonably, FLAC 3D software is used to establish a physical
model of hydraulic cutting cooperative pressure relief. The hydraulic cutting water pressure is 30 MPa.
One coal output is 4.5 m® (cutting width is 0.3 m, seam depth is 1.57 m, double cutting in the upper and
lower coal seams). Another coal output is 6 m’ (cutting width is 0.3 m, seam depth is 1.78 m, double
cutting in the upper and lower coal seams). The theoretical effective extraction radii of these two types of
coal rock are 4.5 m and 4.8 m respectively. In order to determine the effect of hydraulic cutting, the
extraction effect of test hole S1 with coal output of 4.5 m’ and test hole S2 with coal output of 6 m’ and
non-cutting extraction hole. The results show that the average volume fraction of gas extraction in the non-
cutting extraction hole is 22.38% and the average pure volume of gas extraction is 0.206 m®/min. The
average volume fraction of gas extraction in the cutting extraction test hole S1 is 75.73% and the average
pure volume of gas extraction is 0. 382 m’/min. The average volume fraction of gas extraction in the
cutting extraction test hole S2 is 86.91%, and the average pure volume of gas extraction is 0.454 9 m’/min.
Compared with the hole without cutting, after adopting hydraulic cutting to increase permeability, the
permeability of coal seam is greatly improved. The gas extraction volume fraction is increased by about
4 times, the gas extraction volume is increased by about 2 times, and the gas extraction effect is good.
According to the actual measured effective extraction radius of gas pressure drop method, the relationship
between the effective extraction radius and extraction time of the coal output of 4.5 m® and 6 m® hydraulic
cutting can be obtained. When the extraction time is 30 d, 60 d, 120 d and 180 d, the effective extraction
radii of the 4.5 m’ hydraulic cutting process are 4.9 m, 5.5 m, 6.1 m and 6.5 m. And the effective
extraction radii of the 6 m® hydraulic cutting are 5.1 m, 5.6 m, 6.3 m and 6.7 m. After comprehensive
consideration, the construction parameters of hydraulic cutting technology suitable for Dongpang Coal
Mine are finally obtained. The coal output is 4.5 m®, the extraction time is 60 days, the effective
extraction radius is 5.5 m, and the hole spacing is 7.7 m.
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Table 1 Cutting test drilling parameters

e s ) fisi 5 / J5 ik i fL K FHK L/ VIEE Iy
(VA ) #1418 A~ %
L (@) i/ B /m mm 4% /m JEJE /m
YR )5 38 m
S1 51 313 29 113 LFEZES 1A 1.57 0.3
ekl
YIIR )5 38 m
S2 51 313 29 113 LTHES 1A 1.78 0.3

%t

21212 TAETH # [a) %

S22 FL
51° 51
21212 TAETH ERARCE
B4 Ky A e AL A
Fig. 4 Borehole layout of hydraulic cutting test
KT HIEET 2019 48 11 H F AT 4t T . 7 FC 30T &
FIRESE T T AR AL AW IR A R A i
AT R0 oR . 9090 5 &l 30 oL R ) A8 A1 0, 4R
180 d T v 41l ok B 4hs 2E A7 %F L 437
FLH i RAR BB e n & 5 fis . Al & R
H B A AL I B N7 b SR A B4 B = o 34 8500, i
13, 5% PR AR B0k 22, 3804 5 #14E4h FL S1
4 BC 307 il R IR B 4 BB | ol 93, 7506, B AR H
38. 09 % IR FR A3 B0 A 75. 73 %0 5 44 L S2 Y
FL 307 3 SR A B4 B B v o 94 44 % A K 66.3%
SEGARFL A B 86. 91 %, H L AT AT, RIAS B 4% 4l
FLAH L, 247 7K T 1 4% I 4 2 B 0 b R AR FR 4 Bk
TREE TIPS 2 4 5.

STREAL

50 L —=—S]
r —e—S2
40¢ —a— RIS

R H/ %

0 3‘0 6‘0 910 léO 1 50 1 éO
iR 1]/ d
Pl 5 BT SR AR AT BN L
Fig.5 Comparison of gas extraction volume fraction
FLd iRl Xt e 6 frs . nl A R H 4%

Bl FL B FU A b >R 25 fe e O 0. 467 4 m® /min, F Ik
4 0.082 1 m*/min, ¥4t K 0. 206 m® /min; #|
HEFL S A FL YT Al R 4l i A = o 0. 869 8 m®/min,
&R 0.133 4 m®/min, FEH4aiE N 0. 382 m® /min;

B SEEGFL S2 (1 FC I 4l R 4l i e 4 0. 823 m’ /min,
AN 0. 146 4 m*/min, ¥4 4l & 0. 454 9 m’/min,
G AT, AN B 22 B FLAR H L 36T K 1 BN & 5 BO
R4 miEE T 2 A4,

1.0r o
) —e—S2
—a— REIEETL

48 /(m’ - min™")
s o o
EN N o0

=
o

% 30 60

90 120 150 180

R 18] /d
Pl 6 BC I 4k R 40 X H
Fig. 6 Comparison of gas extraction volume

g5 B AT AR R R A LB GE — B LT R
K B HAR T Y B T bR A AR A H L 4l 15 B R
TR . 7E 180 d WY BL Il >R ol A b, X B8 AL S1
HHRLY 9.9 X 10" m® BT, g AL S2 Sl R 24
11.8X10' m* FHT.
4.2 AEIREF R
4.2.1  ARGHRAEREE T %

FUIT PR 7 B AL DU 2 BU 0T R ) T B R A
AR S FH BU T R T B AR ok ff 8 A RO R B AR . AE
21212 T AF % AR A 17 44 2 4T P1—P6 F1 P7—P12
2 HIEFL, W EFL P1—P6,P7—P12 55 1L S1,
S2 2[RI A R B FE 25 42 9K 4.5,5. 0,5, 5.6.0,6. 5,
7.0 m, I E FLAG B A0 E 7 OFR s . S 2R LR 3T
JE IR 0E Je 70 He AL vl [) 190 B8 A o & 4T 4 AL L
F17K F7 FIHE L I 35 1L % Sl 00500 R L g A8 4k AL
7T A5 7K T 5% B A A8 SR 21 A2 s I R B 3 AT 40
A A E R B 8] 5 A RO R E R R R L .

Z: 25 M OGR4l B B R B E . R T R
2 S5 M2 ELARAE B S AS YR 5 75 i R 1 32 R
R T R AR U SR 2 AR S A U 2R R 3 He g A X
AR A A 5 Al AL A SR BT, ARG TR O R 5100,
I AL 380 3 AL ) B 2 SO AR RO R AR



2021 5 7 M MEEF MREARBBEERD I LR FEEERK + 103 -

Iml||45m 5m

Im| 1Im

PSP3P1 SI P2P4P6
21212 TAETH AR

Ca) S1 21 I & L AR

255

1m

Iml|||45mf Sm

Im| 1m

P11P9P7 S2 P8P10PI2
21212 TAETH AR

(b) S2 21 I J S FL A7 &
BT AL A
Fig.7 Pressure drilling layout
4.2.2 AR 5T SO E

IESEM 2019-12-04—2020-05-29 kit 180 d
(I EFL P1—P12 B LB E 7,

P1—P6 il < L L3 5 5 284k an 18 8 frzs . AA
K8 ml & th, STl fLAh R 14 d wf, BE 25 L 56 fL
4.5 m IR L RO R T B E] 4906, Bl oR 14 d 1Y
AR RN 405 ms R 44 d B BEE
IR LS m Ay I K L FC R T BE 49 00, B R
44 d AR B S5 m ik 73 d B BRI
KL 5.5 m (R L BL TR B E 49 00, iR 73 d
HIAE SR E 2 R 5.5 ms il R 98 d W, BE B R 06
FL 6 m [ L U R ST R 49 Y0 L RIHSR 98 d 1)
BRI R AR 6 my iR 130 d B, BB Bt 5 AL
6.5 m [ I i L FC R 0 B 1 49 %0, Bl R 130 d
A4 R A2 6.5 ms i THEBSIREGFL 7 m 10
I AL BC 3 R S 78 180 d 2 N — B %A [ 3] 49 % LA
T AR 180 d BYA B RAEARAS N 6.5 m.

P7—P12 U AL FC e 1 A8 b an il 9 froR . A
Ko m & . S2 il g Lol R 10 d B, BF 25 56 fL
4.5 m B FL U I R S R ) 49 %, B R 10 d (1)
ARG R 4.5 msdhR 38 d B, R B A5 AL
5 m IR FLFCIT R Sy B R 4900, BRI R 38 d A
B RN 5 m iR 64 d L FE R SL 5.5 m
(R AL BT R B 3] 49 %6, B SR 64 d 9 A %503
K42k 5.5 madl R 87 d B L HE B IR AL 6 m 11
LB T R3] 49 Y6, B R 87 d A Akl R
420 6 midlR127 A, BE R L6, 5 mAY I K

Ui E 1/ MPa

030 60 90 120 150 180
R E]/d
() FHIES T8 E

FLHEA T REE /%

0 3|0 6|0 9|0 léO léO léO
SR 8] /d
(b) BT FE 1 F W 43 1
B 8 P1—P6 itk A8k

Fig.8 P1—P6 gas pressure change
FUECHT Sy B3] 49 00, B oR 127 d 94T 250dh R 2
7R 6.5 myfhR 164 d B, BE S50 L 7 m 900 &
FLTCHTE SRR 3 49 %, Bl R 164 d 194 Rchh R ¢
R 7 m,

L E 1/ MPa

0 3I0 6|0 9|0 lﬁO lé() 1éo
SRR i/ d
Ca) FLITHE 1 F B B0ME

80 (&
7014
60 -[%

501

LR TREE /%

40+

30

0 3|0 6|0 9|0 léO léO léO
SR ] /d

(b) ¥ RN FREE

B9 P7—P12 TWHTE S84k

Fig.9 P7—P12 gas pressure change



o 104 I5 gtk

%47 %

Wt Origin B X5 AH [A] AR S R A [A] 4l R B+
() X6 17 ) S A 8 A R 2 A R AT LG L 45 B A
KRR SR E AR L, A= 4.5.6 m°
(7K 77 BB A SR B AR r SRR BT R ¢ ¢ R
KBk r=2.855 18717 ,r=2.996 4%15°¢"

97T G4 Hr . ¥ 30,60,120,180 d 4 A4
R 18] 23 AR H = Dy 4. 5,6 m® I Al >R B ]
HRAYCEREN LR, HERK 4.5 m? K
TIENEE T WA RN 4.9,5.5,6. 1,
6.5 m, N 6 m® AYIK 1 EI 4% T2 594 B R
A2 N 5.1,5.6,6.3,6.7 m,
4.3 I AKH

P T B v, 25 pE B it T [R] 2R R B AR AL
CanARE)23 A8 ) R 33 52 bR A O, S 1 A 200 B B0 3
R X 7] B g5 R A R 9 /0 3 4 IX R A2l R 1
5] R, SR R [ P9 422 0E 07 T8 B v O 48 1 A AL e A
G T SO 7 N w7 o R = S B T AN (612
7.7 m,

h=+2r (6)

K h Sy E AR fLIREE

e K BF 9 O B O 40 5 m?, il SR B R R
60 d. A% FE% R 5.5 mu &5 FLIAIFE R 7.7 m AE
FIERGE TS5

5 it

(1) 38 3% 7K 7 %) 4 B DL B A A 5, e R |
TR E R Z R ) G AT 2 W S A R
W J0 1 58 5 R 4% 22 R) () AR SRR 3 3 B B ICEL AR
BUIE M AR BR N 4 R B A R S . R
FLAC 3D #4F, #d 7 7K J7 %1 4% P[] 280 He 4 3 A AL
Xof LG A3 AT AN ) L 1) P [ S R 4 5 o R L 15 2
M 4.5,6 m® I B Bk R X AR 430
4.5,4.8 m, APLSAH OGR4 4.5,4.8 m,

(2) 431 B 37 W00 7 i >R BCHE T A5 S B AR 4
£L B4 SF- 359 B 30 il SR AR B 43 B R 22, 3804 . SF- ¥ L i
fliR 4l oy 0. 206 m® /min; HI4E 45 fL S1 (19734 5L
Hirfh RARFR A B0 75, 73 %0, 1 R T SR gl R
0.382 m’/min; FIZEENFL S2 (19 F ¥ FUHT R AR RS
Bk 86. 91 %0 P BT R 4l 0. 454 9 m®/min,
FUASEN AR B FLAR L >R FHK 7 ) 48 38 3 1 it )=, I8 2
AT BAR 4R & FO Tl R AR AR B = T A
A5 TUT R A iR & T 2 A A AT Tl SR RAOR
.

(3) 38 3k BL T R 77 e R 2 %o ik 3 L A A7 A &
KR A5 B K F B SN A R R R . A
FH Origin 345 48 [8] 08 5 T AS (6] i >R B[] % 1z

(8 S A 50 R 2 2 AT LA 18 IR RO R R AR
5 oR B ) O R £, E R B E] R 30, 60,
120,180 d W}, W4l 4.5 m® (K S #1488 T 200
BRI RN 4.9,5.5,6.1,6.5 m, ILHEE R
6 m’ (7K J) B4 T2 WA 8R4k 5. 1,5, 6,
6.3,6.7 m,

(4 FEjits T B o, 2 5 30 il T B ) L 2 R
AR AL CAn R 2 A8 ) K B0 3% S BRAE B0 Ry T fe KRR
548 il R R R) R R AR L i R K S R R R
4.5 m’ RS E S 60 dy A RUHR AR 5.5 m,
BEFLIANIE A 7.7 m AR R IE i T 280

% % 3Lk (References) :

1] w22 R PO 3 skl A B 191 B e it F 5 L0 . o [0 48
J2K,2020,17(4) ;44-47,

YE Lan. Study on the law of gas accidents and
preventive measures in China [ J ]. China Coalbed
Methane,2020,17(4) :44-47.

2] MRy R )22 5 TF R B b 58 9t e [T 1. I e

%4 ,2019,44(5) :1283-1305.
XIE Heping. Research review of the state key
research development program of China; deep rock
mechanics and mining theory[ ] ]. Journal of China
Coal Society,2019,44(5) :1283-1305.

(3] M« Ea . n AR B AR RO 50 07k 1 =

Weget 5 A g b LT 1 ol & 4 5 3R R 2021,
48(3) :126-130.
XU Tengfei, WANG Xuebing. Statistics and
regularity analysis of gas explosion accidents in
domestic low-gas coal mines in recent ten years[]].
Mining Safety &. Environmental Protection, 2021,
48(3) :126-130.

47 X0, 8548, 2018 4F & E M™% £ 3 g it 5 b
LI P58ty e 2295, 2019(6) : 92-93.

LIU Hang.ZENG Zhihua. Statistical analysis of coal
mine safety accidents in 2018 J]. Inner Mongolia Coal
Economy,2019(6) :92-93.

(5] JAMR=E.FhE T 250 5, S5 102 50 0 il R 4 1L %5 3

Pe R 5 TR ARSI P E kR 5k,
2016,45(3) :433-439.
ZHOU Fubao, SUN Yuning, LI Haijian, et al.
Research on the theoretical model and engineering
technology of the coal seam gas drainage hole sealing
[J7]. Journal of China University of Mining &
Technology,2016,45(3) :433-439.

(6] T, XKL, . LI R 8 rp 4l L A7 8 %
)2 280 A 5 e my R g BF 5 L) . B oR 4 4, 2016,
41(2) :414-423.

WANG Weizhong, LIU Dong, XU Jiang, et al.



2021 % 7

A EE,

1KiE AR ML EK A B BV B #p R 3 B R .

105 -

[8]

L9]

[10]

[11]

Experimental study on influence of drainage borehole
position on dynamic parameters of coal seam in CBM
recovery process| J]. Journal of China Coal Society,
2016,41(2) :414-423.

FRRLZE AR B F RCT R AR R R B
A SHARBESBEEML ] a0 %5 TR
4% ,2016,35(4) :704-712.

WANG Dengke, PENG Ming, FU Qichao, et al.
Evolution and numerical simulation of coal
permeability during gas drainage in coal seams[]].
Chinese Journal of Rock Mechanics and Engineering,
2016,35(4) :704-712.

POF L ARIE S O R 5 K ) B A4S B ML B 5T
Ky FHEDT. b mt: bt R R %, 2019,

GUO Jun. Research and application on high pressure
hydraulic slitting in soft coal seam with low
permeability[ D]. Beijing: University of Science and
Technology Beijing,2019.

XA B ST B AUT AR 3% AP 5 2 B 40 7 B
ARWFFE[D]. B3 7 TR AR K, 2016.

DENG Chunsheng. Research on gas control
technology of high gas and low permeability thick coal
in Jiangjiahe Mine [ D ]. Fuxin:
Technical University,2016.

=) T BT ARG UM T2 B g TR K ) ) 4 i AL 38 i
BARBEFELD]. AR M - E -l K2, 2019.

YAN Bo.

seam Liaoning

Study on ultra high pressure hydraulic
cutting technology for enhancing permeability of coal
seam with high gas and low permeability [ D ].
Xuzhou;China University of Mining and Technology,
2019.

ITHRL X5, E U 45, 1w R ARE AOMEER RAL
SR 17 B R BIE 5 Ko A LT . o [ 22 4 2 7 L 2
A .2020,16(9):71-76.

[12]

[13]

[14]

[1

5

]

LI Yuanlin, LIU Yong, WANG Chen, et al. Research
and application of deep hole pre-splitting blasting
technology for permeability enhancement in high gas
and low permeability coal seam[]]. Journal of Safety
and Technology,2020,16(9) :71-76.
ﬁ%?»ﬁ)‘(f@»%ﬁ%ﬁq%. 7K 3 WL 7K R % 4
B R m F 5 )] 97k BF 58 5 01 &, 2019,
39(11):68-73.
TANG Jianping, WU Wenbin, DAI Linchao, et al.
Influence of water injection pressure of hydraulic
punching on the permeability effect of coal seam[]].
Mining Research and Development, 2019, 39 (11);
68-73.
IhEE BRI WL 2 K g ) 4 e R ) ) 2 A
SR T L) . R TR . 2020,52(5) : 116-120.
SUN Xin, WANG Haidong, LU Ligang. Research on
the influence of coal seam hydraulic cutting speed on
cutting radius [J]. Coal Engineering, 2020, 52 (5)
116-120.
Bp A7 L R R R K T B A% 4 o ) R R A F Y S R T
(1. 5%, 2020,41(1) . 23-26.
SHI Gesheng. Study and

application of law of

increasing transmission and pressure-relief of
hydraulic cutting by using ultra-high pressure water
[J]. Coal Science &. Technology Magazine, 2020,
41(1) :23-26.

AR K . BT K T EI S T A AR BOR N R R B A
ARBFFELT ] BEHA 23 AR 201947 (1) :226-230.
ZOU Yongming. Study on the coal seam permeability
increasing technique based on hydraulic cutting and
CO, fracturing [ J ]. Coal Science and Technology,

2019,47(1) :226-230.



