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Research progress and prospect on theory and technology for coal and
gas outburst control and protection in China
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Abstract ; China is the country with the most serious coal and gas outburst disaster in the world. Many in-depth re-
search and practice have been carried out in outburst prevention,and outburst prevention and control has achieved re-
markable results. However,the outburst accidents still occur in recent years. In order to further improve the outburst
prevention and control technology in deep mines and improve coal mine safety ,intelligent level and coal safety guaran-

tee ability, the research progress and current situation of outburst occurrence mechanism were analyzed, and the

Wi BH:2021-11-25  fEEIEHA:2021-12-22  HEHKE: LXE DOI:10.13225/j.cnki.jecs. YG21.1846
BT : K ARF IS RBIH (51934007,51904293) ; LR HRRHELAHT TR % BT H (2019JZZ2Y020505 )
EE T ERIT(1968—) B NS d RN 2%, B4 0 18 Tel :0516-83885655, E-mail : weytop@ cumt.edu.cn
BWAEE M (1991—) B ZREBBHA B Z0% , it 0, fﬂij_ E-mail ; chaolinzhang@ cumt.edu.cn
SI AR TRUC, SREE, kA, 45, FREE S s B A BUS BORDF R e S R [ 1], I A2 3Rk, 2022,
47(1):297-322.
WANG Enyuan, ZHANG Guorui, ZHANG Chaolin, et al. Research progress and prospect on theory and
technology for coal and gas outburst control and protection in China[J]. Journal of China Coal Society,2022,
47(1):297-322.




298 # % e (4 2022 44 47 %

key technologies of coal and gas outburst prediction, monitoring and early warning means were expounded, and
the measures and emerging technologies for preventing and controlling outburst were summarized systematically.
China has made a series of innovative achievements in the theory and technology of coal and gas outburst mechanism,
prediction , monitoring and prevention, and solved a large number of theoretical and technical problems. However,
with the increase of coal mining depth, the risk of coal outburst is becoming more and more serious and complex.
At the same time ,the national requirements for coal mine safety production are becoming higher and higher. In view
of the current situation and demand under the new situation, it is urgent to establish a more suitable theoretical
and technical system for outburst prevention and control. Therefore , the future development trend and research prospect
are proposed. In terms of outburst mechanism, the research on outburst coupling evolution mechanism and quantita-
tive characterization should be strengthened under complex and changeable strata and different structural conditions.
In terms of outburst risk identification, it is necessary to pay attention to the study of adaptive criteria for different out-
burst regions and categories risk under the background of low parameter outburst. In the aspect of gas
parameter testing, the development of fine fixed-point measurement and inversion while drilling should be focused.
In terms of accurate detection/prediction/monitoring and early warning technology of prominent hazards in the working
face, the research and application of internet of things,big data analysis and artificial intelligence identification tech-
nology in comprehensive monitoring and intelligent early warning of prominent hazards should be strengthened.
In terms of prevention and control ,the remote ,regional and intelligent prevention and control technology of coal seam
outburst risk should be further developed. In terms of risk management and control, it is necessary to study and pro-
mote the big data analysis and early warning platform of gas disaster risk,so as to comprehensively improve the ability
of risk management and control of gas disasters and gas control level in China.

Key words : coal and gas outburst ; evolution mechanism ; monitoring and early warning ; prevention and control technol-

ogy ;risk management and control
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Fig.1 Rheological hypothesis of coal and gas outburst
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Fig.2 Phase division of coal and gas outburst based on mechanical action process
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Fig.3 Multi-field coupling test system for dynamic disaster in coal mine
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Fig.4 Evolution of coal cracks and multi parameters during coal and gas outburst’
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Fig.5 Composition of test system and multi-field coupling disaster mechanism of outburst'
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Fig.6 Numerical simulation of coal mining instability and outburst process
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Fig.7 Plane distribution of microseismic events and timing change of microseismic signal in headwall area of a driving face
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Fig.8 Acoustic electric gas monitoring system for coal rock dynamic disaster and its application

[67]



306 # x

F i’ 2022 4E4 47 %

WA SZ B B R v A L AR 5 R IR T A T
2L LT B A SRS 1% A R R e A 2
AR, A LRGSR B T IR IR g AT
TR R g K 5 R SR R T T UL RE
U, BRSO R UG RO R A T T A2 e (S
B0, PO T RN g S X 5 0 e DA AR AR A
RIRI LR R o ST B KA FOETE 1T M Sl 2t 5 7 vh

AR HELSE MR L RFAE , 208 1 AR T T B H A2 A 5
PR WIS A B LA 5 O B A A A 5508 7
DA B Bl Ty AR T 254 A Y ri R 5
g HA R AR R, 25 G i S T AR, SRk
T {EL DR AR bR A s ) oAb A — 2k sy
T AR AT 5 A RS AR RO i e 9
Bs.,

Pl O AR T H S A B B ST s o P R

Fig.9 Potential layout and potential inversion risk identification of working face

2.4 HHBKEMSEHFERTN T %

SRR R 22 E Kot 2 v i 45 52w A
REE M ARLERE . A B 112 R0 S0 48 A ik
SR ER AR A KR (UK EE R —

BT L AR A 0 A TR R L R T e
WHE bR FHEXE AR & F Z R s bril & T L5 R
BN 2 D TP s B e o < (W Ee=a . WS DEE R 1 ¢
~F P AR R R R 2 O A MR v, SR B AR
iz RS e 4 A oW 25 6 P 7 16 60 - T 1y i 78
TAEM AT T 28R T, 25 REH TiZE M IS
T 28 H R BE (G AT A T DR A0 B S R
BLOSVM) 43 25835, 25 JECR IR | FU I e 7 | BU B ik
PILRE A I [ M 2R B R e R SR AR B S A
LT R NG R A A e T, ek AR
Bo i S e e TR, R T IKE RS
W TR BEIAURKEE I RRIAY o 4 S IR bRl
FHEAE A ICRIG A , SEB T e M S A A A
AT REME S BRI, 2R R AR R g R S A
5 24150 Fa 5 B0 7 B8 AH OGHK , #5377 Logistic [l

[68]

VA FSIMASE RS | 45 SR 2 W32 7 vk BAT v B0 s B S H
e, Sesh, RS ORE I e 2
P EIVEE 2 TR P2 P B TR N W&~ E
2 LA S B € BITb ok 9 S eI D R e A 1 9
U 45,

FIRIT, 2 HH F00 R i) T K B 8 AE 3R =15 2]
TRARIBIFEE SR, S 13 T 0 AL 0 R
LA 5 A B T , 30708 H- S B T S
DB, AELER T 5% T A R BB A0 52 2 1 e 4%
DXHB TR (8 22 58 R R IR T JiRRE AT BL A
SRR , SR L TN TR I 3 1 2 X ATk £ % T,
R SR S I R AT S T e BB 2200 28 AN TR] i
DX 5 H 25 S AL BN br S S B b Al | AR T 7
SR DX ERR 2 AR R | TR /MR 3 R R A 5% T
I JRE T P 1 55 107 g S 0 5 A TN | ) e 4
ARG A PE RO H TIIN A5, S I 00 1 P AR A
Pt A Yk M AR AL . OB — U B AR Rl
e KBS N TR BEAFH AT E 5 Hh S0 A0 ) 30 v
MIVEIE AR T A%, AR R E 2 E B RS U



5513

ERUCSE  TEMS TR PG IS OR Uit e 5 e 307

FAR MR i b 2R ARAF
TF RS T5 T T RAEEWFFE TAE  (E 5 A Tt Az
AL & HOR R A Sk B BRI A FriR A K
J& R BETT R T BRI G Bk R 20 AL 1X
SRR R BE AN 45 BT R SR R

3 BriaBRSERETRHFEARFRIK

(BB FUHT 2 H 40 000 ) B A 45 1, R 2 IR 45
“IXIZR G B R AR TS AT R BB LR G B S 1R it kb 5T
IO, BT, DR 2 R R R R 2R S
KIEFRFHMSEZ FO 2 28, TRk By o4 it , JE 1
W Ei W = N E T W AR A i O ) 3
M TAEHE B R H AR R, K EIS Y 5 R 52
BRI, B B3 A [F) S5 A0 TF 88 22 40 58 35 1 B =2 4
A il i 5 & A AR AR B
3.1 RIPEFREFTAR

TEREERE ST i 5 R OR3P 2 T R4
it , I ARTE 22 2 A RO 3 ) S K T R
RACR FHAREANEN, HUFE:, 2B 1 R
J2 30 B A RN R BT R R 2 AT AT T IR A
5T, SO F T R I A R S B2 BT
TS A o I SR E B R AP 2 T S8 R Y i
XU ACE S BRI TP Z R 2R L REAT
TER Z 0 2R S B2 R IR G 7 V30 R A4
FEL S i 22 5K, Xt 2R A, T 2 PRI 405 i
ST FUIT A [ SRR A A X AR 2 R AR

BT T SUBURHE 2 A S R 1B S ] B HE i A 3%
IRHEAT T A SEBRA I SE , BRuk A R RS AR
WSk b 1 O = AR e gk A rh 0 g
XA TE DL, R B A R R SOR A R AT T
Wik,

W PRI = AR A E | SR BR324 T
I PR A RERI IR TR 28 Hh fa B ok, 75 00 b
R R BIRGE 5 VKA. S0 B S0 R M B At w1
SCEL L M HE L, R BIIH R AR, BRI P MR
SRS T R R U 22 A i A SR 1 A
s S0 b I N i DR S TR T ) N BT e e
PRI A S BT R 7 vk B S b TRE N S Bk, %
L4 T ORI ZJT R T B B R O ik, B
TFRTRIE BN, 5 24k 5t 2 0t ot 4 R AR 7 3%
LG R TR & IV I 32 B, 76 350 38 H Bl
ARAER 5 MR AR M BRI 2 BOTE BU T | B R AR R I
FEAR TSI XE , AT ISR B i B AR A 28 H A —
TAERIS) AR DG T 8 8 (4P 2 B 422 DR
JEBI B AT AT PR AT T 0SS AR HEIE (BH 2R S5 47 IX
B RS T I B ORI R I RAR IR BESRAGAR b
(S K BU ST R ROR AR Ry
B T ORIPRR T SR o B B4 R ) A = AR NS
B AU, $8 /8 1 P SRR B AT A 3k
s JUEE 0 Bl DR 3 2= 48 T PU A VA B R A 4R S
o L3 PR BN S PE T AR 32 R 2 AT
B BRI AR A 2 T 1 B AT DX R By 5 15 e 1Y) 1 2L

WHIHAT TR

Table 1 Summary of pressure-relief gas extraction methods and exploitation of protecting seams

[Fi) i 2 TR SO s R B

WA,

®1 RPEFRREERLERLIAR T ZTE

[86]

KWMRK ik AR ALk R IX R
IR AT T2
fﬁgi;*%”ﬁr B 5 A AL el L Bk LI PTONE b
AR X o o
U 1R K 4L et B 5 Bty
MR R IV IS i R -
BRIR o PERTEN et el
I Tt T AR R A SIE ety
- R KR iR WL —
LAk ABIENEE I
b B X 35,
TR o R A BIS BT T #f
g PR TR A e #f
N sk AR TR SR AL 5 ehy
MR b Bl R BRI et
AR LR e i
BRI I AR
SLREAR: il MO TR IR Ry ey
AR LR R I #
T TR
TN NPT DU LR R ety




308 # x

F i’ 2022 4E4 47 %

3.2 THBEERHEAR

FRTET X B — A2 PR3P 2 AR B O % H A2 A
TRAPZ B AR BEOR I XIS IT R R, T 2R TR
JRRHEAR . 20 KIPIRERRE A e 3 E AR 7 FL
Wik B S e 22 1 1 Rl B S i it o L el e
SR AR bR A X S B S i e AT S B B, 24P
BTSSR RIBORMR R, (Biin S TURT 2 Hh 4 )
X DI BT A Tt e T st T SRR U R
JZE B PB4l L P DCBOME 2 P DUl L
2 2 B AL TR (0] R DX FC I 25 2 B AL Bl R (3
SERPE ATTAE) SRR T o 2 B L T
MRS 2R LI BT LA S 1o il FL U AR A B2
R 2 M, Ho o R 2 R Al AL LA
R AN Z B AL FTTHIREOAR

T BER ORISR SR AL
R BB LR IR B A LT

EVVESRIAT T — R, RCR B, AR,
TE [ B E RO i T AR B R i AR S T
SRR E AR A AE N LR ST e 8 1)
P SIS ISR~ R TN WA CRER (3 T
FERGELEEAG B T 22805 SCL TR 2 500 m
WU R R RE T Bl L, S U R R £ Lt T A 0 B K
FRNATHR AL THSAE ], T 5 i T 3
JE T 2256, T e 1 BURUIRAE 1] Bl o £ AR 75 & T
AR AR BU A SR AL 22 A R e e 2
MERT 7 T RCRE [0 AL TT I, W T 500 m fL
TR AR T 909% By FLWHil R i Tk, £
RETE 5 TEA OO ST T ) HE SRR T 2 A
FLHTa B R A B, (Al T 2 i Bl AL A LS L
& T 1) B E FUYT I Hh A A 5L T B T g
R R VR ST R T SR Y R B AT
I EERT T GRS R 10) .

Pl 10 5 1 B R B FUIST S Bah 75 I e A 0

Fig.10  Dynamic inversion model of gas parameters during directional drilling
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Fig.11  Theory and application of pulse hydraulic fracturing technology
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Fig 15 Layout of boreholes for deep-hole cumulative basting test in a coal seam and comparison of average gas volume fractions
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