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Abstract: Modern high-yield and high-efficiency mines still face the situation of tight replacement among roadway driving, mining and
extraction, and put forward higher requirements for the regional scope and advanced time of outburst prevention and control technology. In
order to break through the bottlenecks of the existing gas control technology system in the coordinated extraction of near/far coal seam
groups and the step-by-step outburst prevention both on the surface and underground, the principle of “spatiotemporal extraction and step-
by-step progression” for outburst prevention with the combination of surface and underground operations is systematically expounded. A
three-dimensional prevention and control method of “surface advanced pre-extraction for outburst reduction — underground enhanced ex-
traction for outburst elimination — coordinated governance of multiple coal seams” is constructed. By integrating the advantages of spati-
otemporal advance of surface wells and the precise control ability of underground operations, a three-level progressive prevention and con-
trol system of mine-level regional pre-control, mining area-level coordinated governance and working face-level precise outburst elimina-
tion is formed. According to the different characteristics of near and far coal seam groups, the outburst prevention modes of “wide cover-
age by surface wells and efficient extraction underground” and “enhanced pressure relief underground and multi-source extraction by sur-
face wells” are respectively proposed. By comprehensively using numerical simulation, theoretical analysis and field test methods, a para-
meter optimization technology for multi-branch horizontal wells with key elements such as the angle between the main well and branch
wells and the number of branch wells is systematically constructed. A precise docking technology between surface multi-branch wells and
underground directional boreholes is formed by integrating the spatial magnetic field induction model of horizontal well bits and the data
of high-precision sensors. The coupling evolution law of the stress field, fracture field and gas seepage field is analyzed, and the distribu-
tion characteristics of gas enrichment target areas in deep coal seams are revealed. Combined with the geological conditions and the re-
quirements of the spatiotemporal connection of extraction, the collaborative layout modes of “maximization of a single well area” and “in-
tensive layout in the whole area” for multi-source well groups are proposed. The high-efficiency extraction technology for near coal seam
groups is applied in Shaqu No.1 Coal Mine. The total gas production of three multi-branch horizontal wells SQN-0501 after one-year ex-
traction is 7 273 175.4 m’, with an average daily gas production of about 20 000 m’. The key technology of pressure relief extraction for
far coal seam groups is applied in Zhuji West Coal Mine. The surface wells have cumulatively extracted 7.283 million m® of gas from the
No.13-1 coal seam, with an extraction rate as high as 81.4%, and the residual gas content is significantly reduced. The effectiveness of this
technical system in improving gas extraction efficiency and reducing outburst risks is verified, providing important technical support for
the safe mining of deep coal seam groups.

Key words: outburst-prone coal seam groups; integrated surface-underground gas extraction; stepwise progression outburst prevention;

three-dimensional outburst prevention methodology; widely / closely coal seam groups

PRI T T BRI Z R 18R 7 2 il 2 E I 245,

035 = S 1% S U RS, HE— AR T T SN

W 5 ¢ IR ) R B B, AR = TR i
e s R | e FLAT s T S AR i R A L, B T
Wiz h g F e Akt Har, RECIE
BELAE T R F2 89 “SE DR R 2 A4S “PU Az
— K" SR B RN R, TR U e B
PEJT W 8o 3 i R ANF DT TR T — &
FIRAWIGE, FEHURE T 235 A i PL ST IR B 7
T, BEE B BORBEAD, My 5 R AR B 2
WG], T 200 SOKFH L U B LR
IV B PRI AR RO, o, s ) gl it
57K ) BOMES & HOBEZ K I R REEOR, RiE
TR EREE SR S RTAA ORI 1 AR K P E43
B BB, il T s 2 e 28 iR B & R
AN T2 2%, ks FUIs #6 25 F, g TUIbT iR
RO X BOE BRI A AR AR | 5 5% HEAE 2,
PR 2 4R M T 3 7 e AR R R, R

116

RACREM, FEMIERE b, 855 P PR TR, 4244
T ERBREHER A “ =X SN TUZA a A R,
AR i o3 X ULt oR R, Sy TRARE e 514
() BUIT R TR BRI T AR P TR
Wrif BT I, B HOR T E AR R IR R
S mm RSN SRR, (PR R 2 R
ZE T YRR RO X U Y, L R S
22 A A R TR AR 2 T SR AL B K
SO P GRSy S T g T
ks XA RPR IR AR, FERHBR)Z
FUr AR D, I AL T AR L AL E
AL AR Bl BUTI R O 2, BRI IR 2 &
TOKT3ehfL, RT3 EIEE | K IR KAl CO,
BORE | A B R RSB EAR Y, S e
Ji AT B FUIA PS4 1 E S L AR, B
P 7= R RO AT A 3 T A R 4 K e v Jeg i,



HRACKE A BRI N IR 2 B dE B 2 07 4 5 AR

Xt B B A B DI L A ) 14 ey 2
R, LG T P — B R R [ 32 R L 12
IR AN R 58 PR AT, L2l A TR A 2 L I A 1 T
LAFFRIT R, B 2 H AN 1E 1 el 2
I BRI T 1) KR, LIS B Ak A A R S
5 I B4, SRR AT iy g o i A AR A T
PRI, SR, BUAT B R A7 1T/ 2 L 2 3 )
Je o I BN BT IAE T AT AR, BT TR
HBES FLHT R 2 m A MR, 28 B TR AT
I ETERE WA HiR . B0 B9 R B, 4
AT I b B AR B SR SRS, I X
WA T IS Bl R SRR, S 035

1 RETHARESEHREHF ETEAHE
Fik

L1 HFETEA ‘N=HRRREHE FHRERE

TR, He L HRE B SB A R i i
FiT B-Aih a5 —H 1 i AL 3R T R -2 R B R IR B
149128 2% 336 1 FL T 9 % By #5238, TR AL S AL 4
—H IR B SR BRE, RS AN 2 R 4 2 [ BR A
N A ) 0 S, e TR O T B AL A
AT DIR853 S B I TR AET 42, B2 B O L it el
(e TN S T2y i ke L1 KL N TS S S Y PR BN
I S AR DR ST AR I 4, A0 I
FET25A5 ) FH b 10 AR 09 B 25 R T DR 3F O E T ARl
FRPR I BRARR 5, R 0T R X B R X G
[F] 3 BT AR 1T RORG I 27 1 3 i ash ik By 2 45 X
SN I X R 2 RUEIRA B, JF 1
T Bz cR . BYABHE” PR NRINIE 1 TR

« KEE. TEEE
b A
IS .
£ A g
% &

<EIEHEE . KRR

H1 #LET“HEHR BRE® TRNE
Fig.1 Connotation of underground and surface “temporal and

spatial extraction, stepwise progressive” anti-outburst

PAOWL)Z 1, e B B Bl 2R B A O AE TR
FLTSL AR, BRI A s 3 RE . TN RELL
L SEIREAASR E 3 ANT5 T AT, BIbR] 6 A 1o 7 1
7o BE FLIT, S UL I 2 DI ) R P 158, “2 M2
IR B GBI 51 TR A B %
JEEEANTE 2 PR

2025 455 8 A
BT (R R Sy R R )
FEAR S S
1%
TR A2 || B
AL el

I 5% S

| R H)
B isim, R g

gy

P AR B A Eéfﬁ“gi,ﬁﬁVﬂﬁ‘é
K2 REHEEHRA KRR

Fig.2 Principle of joint anti-outburst for deep coal seam groups

222 T I LA ML g e a3 R A= AL
Syt 23 43, 520 BT WA I8 B Rp It SRR 14
P32 0 38 i [ X AR A T R AL 3,
A LA AR AT 23 v B b 107 7 KT, i 2 S A s
B, BRI TUIHT A BE, FRARMES FUIHT I KUK ]I,
HB RV 7 B AR A BE S AR R 25 K R B )~ P o
B R LR RS E £ g BT R HECR Y,
AT B AR R J22 v B4 BL 30 5 0 R ), 90 FU ST R AR
R IG o 0 FCHrh R SCREFRARIEZ PUsh &
55 IR 7, TN FUIr Ak e R, R AR FLT SR 4R 5 2
DU o PRI, TEREARIER R g | $2 i AR S A
RECIT N BE =& M EAE R, SEBUN 18 it
PR R E RS B 2%

o, SEROE B R R 2 AR . A
HEEM 2K R LR THEZ B B R R RIRTFAERL
ANLBUFIZER, 856 N T T U i 22448 2%, S FL
S5 T R A S R ) S S O 4%, X R L 5 ) 2
G, (T FLIT IR S A BE T R, B RN, 4%
PO fhe S2E T S A 0% - 4 X 9 e SRR SRy B ) 4 o
R BERRA, T R T DT, i 2R M o 285 B 38 1 i 2 25
WAl IR, 52 2 o) n] A i 2= 502 TR Ak K J i IXC
S, AT FUI R RE BB JEE | T B R S [R] SKSl T il R
BEALICER, ST MRS AR B
12 FETEAMR ALK

TEIE B RBCS By o I HLER A |, 23 )T X
P L2 A A i B 1 AR L P 7 A2 AR I T
BRZIEZ AR SR BRI K . T BRI A 5
RE L, R TR B R W L IR
A LT R B S AR, A PR B AR
FETRRPUITIM Hh R, — PRI 2 TR FLAE ToxfE . T A%
e R [ A5 AR 9 3 B 8 R S22 0 R A J2 1) R sl ) e
Y S VANE X v S P P DK S i v I SR 9
DT RACEIE M2 U O LTS B

117




2025 4F5 8 11

# £ M FH K 553 %

RURE, M PR FE B g O B0 28 R e DR AP R/

T DRI AN 743 T A

121 ESEBMEH “WdHF) BE. FT oz
Br ALK,

IR B SR 2 MR/ GEE <10 m), N )
AR A R M FUT B e B 1 22 SR AR, S EOUT
KRN 15 & N B B SRR B AR,
H B R A TR U2 N 145388 | 852 s
Jo AR 2 U [R) S X, 0 S oMb
H T ™ By, R iR 25 SOK 2
P BE , IE T R E ML A, &
BOMR RS, o AR AL R i 7 55 2 RS T 22
miE 3 fis .

B3 HEEEERHGRERN

Fig.3 Anti-outburst mode for closely-spaced coal seam groups

BT KA ML T 22 73 SOKSF I A MU A 25
(1Y R PO S N7 oA VAN = VA1 3o R L P
2250 SOKF 2 B ST FL, 5 ) I Bl LR HE X 4
Mt 22 73 SOKE I, T B AR FUIST v Rod 508
H BR8], S RC T e Al R, IR AR Z FUI
EE R IFRR R IR AR . R, FEREZREN
A1 B E ) BOIR A LR o 202, S e PLA i R 3K
o GG T HUTE TR T R AT E, i
T 3A 5 TR R A I S BRI, S BN I
L 2R 1Y) R S R v AR, TR T 2
DR, A AT I B IR 22 4 R AR AT T ORE

R AR AR R sl AR An AT 4 s OFF
T, W, RS DR & s P, N ER X LT IR D),
N SR i [v0) 48 2 75 T, K93 Xt i i A R 28
TR X ) o DX e g ) A b, LI R B2 st
FUI &t D, Jl I T, 8 R R AN — 2 BERE
A 2 (B A 5 55 BT 2 H 40 D) ) v B 11 8 m/e A
0.74 MPa LAF, JEBIE AT K75 2 Wo<pw, (L, W
SR DXL s W, o RS B SR =

118

FLE R FLET & 4 B /N T 1 B RED; i X467
Tia) FL A ST R 5, L B 2005 A2 TR 0TI B
$r 2% H O BT SE B BC 5 /T 8 m e ELFUHRIE
F17/NF 0.74 MPa, BRI X 5 i 2% X A 7E B[R] A5 &
S E S, USSR AR, 4277 X Rk J) #1585 ik
R AN TR, BT 45 M7 X AR X RS RO
5 HH 1 i 0 — 25 A R, AR 5 RO 5% R 4
b E— 25 i B, HLBR Ay BO T A 2 R R 1 d8 AR oA
W<8a m’/t, P<<0.74a MPa, H:rp, Wy WA= X L&
ity P AT IR R 75 0 /T 1 R E A
Koz [ e B E i, BRI X =R i S N A
SRR, v 5 X T R 5 R E A AL
HORIEAE, A= X U F B LA FE ARy 3, FoR A
LA E A 3 Fis .

I PP AT

R IX
i HbTH W.<BW,

& i
________________________________________ 7=

o3 [A]
il w<8mit
P,<0.74 MPa

F eI

SRALENE
v i

T CAT PO S Te
Fisf []
M4 MEEHEEHNETHIMESN

Fig.4 Coordinated linkage mode of underground-surface for

closely-spaced coal seam groups
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