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Technology of cavity completion in surface cluster wells for assisting rock cross-cut

coal uncovering in high outburst coal seam
LIU Tingl’z, ZHAI Cheng1’2, TONG Xiaozhang3, XU Hexiang1’2, Z0U Quanle4, LIN Baiquanl’z, XU Jizhao'?
(1.School of Safety Engineering, China University of Mining & Technology, Xuzhou 221116, China; 2. State Key Laboratory of Coal Mine Disaster Preven-

tion and Control, Xuzhou 221116, China; 3. National Engineering Research Center for Coal Gas Control, National Engineering and Technology Research
Institute for Coal Mining, Huainan 232000, China; 4. School of Resources and Safety Engineering, Chongqing University, Chongqing 400044, China)

Abstract: In view of the problems of high risk in rock cross-cut coal uncovering of deep outburst coal seam, and borehole blowout and
low efficiency during underground drilling, based on numerical simulation and field experiments, the mechanism of reducing outburst by
cavity completion in surface boreholes for assisting rock cross-cut coal uncovering in high outburst coal seam was studied, and the key
process parameters were optimized. Firstly, the multi-stage cavity formation technology and supporting system for surface cluster wells
were developed. Then, the evolution of physics of stress-relief coal seam was revealed, and the optimization method of key process para-
meters for cavity creation was proposed. Finally, the technology of cavity completion in surface boreholes for assisting rock cross-cut coal
uncovering was successfully implemented in the field, and it proves that this technique is effective. The research results show that: A multi-
field collaborative outburst prevention method of “well network pressure relief-borehole group energy dissipation-curtain solidification”

was proposed. The mechanism of outburst prevention by cavity completion in surface cluster well was revealed. A multi-stage caving tech-
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nology of “borehole mechanical reaming-hydraulic jetting-water drainage pressure relief” was developed, and an integrated system of
“cavity creation-slag discharge-water slag separation” was also developed. The range of plastic zone around the cavity is linearly related to
the volume of the cavity, with a ratio of 81.90. The gas pressure in the low permeability area near the cavity decreases first and then in-
creases with the increase of cavity diameter, and the corresponding optimal cavity diameter is 2.0 m. When the roadway is arranged along
the direction perpendicular to the maximum principal stress, the outburst risk of coal on both sides of the roadway are easier to be elimin-
ated after cavity completion. The technology of cavity completion in surface boreholes for assisting rock cross-cut coal uncovering was
successfully implemented in the field, and the results show that the permeability coefficient of the coal seam has increased by about 10
times. The number of boreholes for in the test site has decreased by 24%, and the drilling length has decreased by 21%. The technical
method described here can be further expanded to form the “coal-gas co-extraction method with borehole”, which is expected to achieve
synergistic and efficient co-extraction of coal and gas in difficult to extract coal seams.

Key words: high outburst-prone coal seam; rock cross-cut coal uncovering; cavity completion in surface vertical boreholes; stress-seep-

age coupling; co-mining of coal and gas through borehole

0 35 5l
FREMZ AT 252 2., BAME SN & i
FETT . B RAA R A Rk vt e B S s, HL G2

AW BREES h BRI L, HR ik 80% ~ 909!
Wit 25 5 3 Y SR 2% T 1) RS SiE AV, e 17 g A BU 3T R
b — 2 T, S R 5 9 e A A U AS T3
Jin, JEHR A 1] AR R T I R R Y 2 S XU,
il 2025 BRI G IR 1) 2 A O R, LG
LT AR Sy R B 2 9 E B R A
TERETHRY, (B, W TSR, K. &
FCIE R 7 RN s 0 A S BOE R T A S R S &
A LIS, FE R PR S, ELE TR AK, BHAT T8~
TR AT AR — MR, R IR TS S TR
TR I E B AR, Rl M B
A B P K TR, Hb T R S AR % i g FH S0 2
T I 28 00 TR, A0 00 X OIS T 4ty
AR SRS ER, W T et LR, Ol o 4
PARBE TR (R PR A, X 2 R RS A 3R L . 12 i
i, BBV BE J1oik, BLEUEFT/K ) R B4R MEAE 2
P B VI PRl A 5 B T, 2 o 28 SR O
el

AR ARG 5 1 2 T2 STF R B s %, A&
2 R M TR 3 R ) T vk S I SR
PR AR R Sbg s 20 £ XA 1 AR I
TR Z ST R BCRAR B MR, 32T b 1 7K - -3
TCTE I R 2 AR R A ik, B T K
ez 57T 3 B8 AR e DAV IR 2 AT e ) TR D B
PR A IR B R S K If I &
MRIRSHATTR, $- T i & 1] H-+oK 7 B4
JE ST RO Z SR 7k, BB Tz EOR B EH
FEHGBHLEE . YANG U 25500 7K 25 ik SF- &

G 7SI TRESERR T 17K H 2 G 7358
FARBAEZUE NI . CHEN 451 SR FHBUE A0 Y
Tkt ge 1K 22 S T 2 Xt i AL B T
K B BN, 4 H SR BB 18 1 R W] e
BEIZH 5 ~ 10 1%, BE)Z 07 i m] ik 2 i % 5L ™
Y 13 4%

e A, F8 2 R i AR S A A ] 45
RN 16T 5 AR B T SR BRI, w1 P e T b
I B TR, U TR R AR,
(EUIE, BUA I I B Xt 4 A o X3 114 360 s 1] 7
B B BT RIR AT, BT R A TRE I 78
/D, (AR P X R AL BT T s, 3
A LB R ] X N B . NI, AR T R
A0 1 R X 4 i M T3 7SRRI S, PEAN LA
B T THE SR REACR, Fb xR Al 4744

AP 2 BB o L2 AR R BE T T
WF5E, H G ST 57 Jo] R X ) Pl R HEs e )
2R, MRS R g 4 DX K H L B e 520
AL L, B PR G T, T BE S IRl AE AR 22T
IR, AN 7 ) AH L i, S B0 7 8] )
SRR AR, BT IR AL B A FLTs # . M ELT
KEPHARIMAESR, XL m &S KB ERX ]
RESE IR ELIT IR 5 DX, Bl i 2 HH XU 1, 45 I 3
PEJZ RN B o R, MR U3 9 3 B i B9
P L A, T BRI TR S RO R 1 9 5%
RCERF .

BRI X RS LT R R AT
B L R A A AR MR, 12 e e e i DA O R T
HEIDRER NI RAY 1P e S SN P A s M AR E A DK ]
EAICALIRIRE, TSl 1 2 Py B R 5 B R AT 5
T 2B, 7R IR 13 SR LA
L FLHiA ) oo A B s AR, 8052 1 IR 7RI

145



2025 445 5 0] # 52 M F H K 553 %

oF o TEMGIT R T TR, V1P BAE T IZHORTE RCRMRAEXERT, $2 1 1 G0 S 2 “H: R ) —1L

AT TR T TR 1 T £ BT R 3 [k 11 2 4 b [ R 4 9 4 0,
‘ \ 1R TG TS 1 3 IR R )

1 M VAN y =i
%g—ﬁ#u‘ﬁﬁwm‘m*iﬁﬁ 2R FE A 4 18 A ) B 9 87, 8 (G A ) e

T RE; MR T2 JZ Al R B FL IR 2 i, B

11 EAXFENHEERBENATHEERA FLHT N BE s B X 4 1 BE B A0 DX 3 A TR A 7 e

[RE SN [, A 2 v o B8 4 977 5 e o, HIRBURREAAC ) 5

BT TR 2 A0 1] 488 AL 2o e T e ) 3t 7 7 7 AR RE R, BRZH R a B R TR B SR
FUM R IR R G R MR | 4T 4l 2 AL A Kt T fEk o

. 1713%)
(R PETERE)

HESZ

S )2 TR
B RMEREE L5 R L R 07 %

Fig.1 Method of outburst control in deep coal seam by multiphysics collaborative regulation
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Fig.2 Partition characteristics of damaged zone around cavity and gas desorption
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Fig.3 Technique and system of pressure relief by surface cluster well caving
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