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Abstract ;. In order to determine the generation and evolution law of depressurized the gas trans-
port and storage areas under the influence of energy dissipation structure of overlying rock dur-
ing mining of inclined thick coal seam. Based on the main mining face of B5 # coal seam in
Tengda Mining, Heze, Changji, Xinjiang, the time-varying law of overlying rock fissure was
investigated by theoretical research and physical similarity simulation experiment. The region-
al scope of the pressure relief gas transport and storage areas was defined. The energy dissipa-
tion structure in overlying rock in the depressurized gas transport and storage areas was de-
fined. The types, formation criteria and evolution rules of energy dissipation structures were
determined. And the time-varying mechanism of energy dissipation structures in the depres-
surized gas transport and storage areas of inclined thick coal seam mining was revealed. The
results shown that the abrupt change point of fracture density 5.5 /m and the abrupt change
point of penetration degree 0. 57 were important parameters in the mining process. These two
parameters could be used to divide the fracture field into gas reservoir area, gas migration area
and compaction area. According to the energy accumulation form, the energy dissipation struc-
ture of overlying rock could be divided into point energy dissipation structure and line energy
dissipation structure. The energy dissipation structure had a "half moon" shape. The error be-
tween the calculated value of energy dissipation structure instability failure criterion and the
measured value of field microseismic monitoring was less than 9. 58%. The final drilling hole
was arranged in the gas transport and storage areas. The average single-hole gas extraction pu-
rity and gas extraction volume fraction increased by 156 % and 196 % compared with that be-
fore regulation. The average gas volume fraction in the upper corner, working face and return
air roadway was reduced to 0.31%, 0.12% and 0.22%. The gas extraction effect was good.
The research results further provided some theoretical guidance for high efficiency extraction of
depressurized gas in inclined thick coal seam.

Key words: inclined thick coal seam; energy dissipation structure; depressurized gas transport

and storage area; “half moon” shape; time-varying mechanism
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Table 1 Physical and mechanical parameters of

coal seam and overlying strat
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Table 2 Height matching table of physical similarity
simulation experimental model
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Fig. 2 Time-varying characteristics of penetration degree

BU N 1.00~0. 57 B R T 2218 T MR B
TUIE B T R dOR ER 1 R JE Kk Y 0.0215 b
WUNES S RIS R 0. 0041 h ' X B A
AR DT 28 % R R, i IR E BT AL, AR B i R
B B ) B A X RN A 4B B L 8K I B
Xof 7 X 3ORR Ry BT a2 B XL P 2 22 IR BT
Ui BEAE 0. 57~0. 10 B @ TP 3 T BB B, BT
T R R AR AE 0. 0051 ~0.0331 h ' Z ], %
B B R IR I A Y AU D i 1 A D
24858 FUIT N 135 75 52 BHL . 75 5 fifh 4 AE 18 1) 5 )23 2
B P K 12 B BE X IO X R SRy B T it 4R X, A 2
A W P T 7% . [) s i e 2 0 3, SR 45 X 24 B
EBmERE LA RHEB X EER 8.3 m
KM 56. 0 m, FUHTAEAE X0 B R 19. 0 m B
F 68. 0 m, HIE LTIz % X 8 oK.

2.3 HIERHIEMXESEFT

3 3 LA DU 0L 1k 56 %o A Dy 2 it o T
A B 3E BE I 5T K TR L B 2 TV ARG LR 5
T 2 s R S AR B R R 4k R Ak, DA BT 2 R

WA S R A AR 5.5 A/ m MR R SEIX
FVE R LT 32 i X0 3 45 R DL R B Gl B
AR FE A 28 AR 45, 0. 57 1 R FL I B B8 XA EL ik
AR DI B 4 0 iy s 1) B 30T 8 A X2 RDE 26
B ) B INT 32 figg DX B A% 3 Ak 7R 2 a0 B BFJ?m.
B3, X NB)ZEm,Y HEEWm, Z o EHE
HEREBREE.
HE 7 U BU 3T 32 4 DX B0 A A st

(6) 7w
2sinf, X \*  w Y—-F)" Q —Z
- 1 - ’
( Q. ) 4_'_ +(L—F)2 Q Kq
X 2
(?—mJFAl—AZ) voFy Q-2
2 - 2 K.
(,QS 7A17A2> (F—B) QK¢
sind,

(6)
a0, AHIEWS L (O 5Q, S I FLIE % X A
A BE R m; Q. IR FUT Iz Aiff X A3 )
JE.m; Qs AT VIR 5 T AR T A K 5 B 22, ms o



513

XTG4 45 AR IS A U T SR AR T DU 30T 328 ik X R 4 AR B4 A T AR AL BT 5 207

N A TR BE  m/ds e S A T4 ] d
F Q. ,Q, Ik XY 1 #H B, ms Ly TAF 1 98
BEamis Koy s Koo 7090 O 0% FUI a6l X N L Ah it 5
AL 2 B AR A R G AL AL 2 B O IE )
HR AR T 00 380 1 L 3 i DX B 9 L ms B O AR
TR AU Ak BT 30T 32 i X B9 9 JEE .

& 3 I H R A5 fif DX AR A R B
Fig. 3 Time-varying evolution diagram of pressure relief
gas transport and storage area

3 HERMZEXEERBEMRTIIE

3.1 RBEFHERHUEMENX

SR BRI Y b R O B A bR R AR R A
RAFEHCI G, 16K 340 i By B AR 3h 2 1k B B
SR BT R B Y BE AR 2/ TR R AR P B R AR
4 RE 1k, HLOG B 7y e 2% b 3 A0 T RE P O RS
LM R 8y X S R T A 1 i L.

BREJER ST T 5 5 o Bl i B i B MR

A OB R R A A R PRI O B e B Y T A
JEBF I BE R R BUR . G HOCH A R4 T
WA N RO R 2 40 L U/ B LA
i I R LR, 2 5 S BRI e o ok
B S DR BIT BE R 2 B K RE BN, OGBS B A A
ey S AR 7 A AT B0 U R O A W 2R O T R
TR B BE A L S B o RO 19 RE R SR fRCIR 2 B
AE TR 9 BUR AR NS5 4 1 1 - 25 -7 7 A
WA A 58 B s o R O B VR Bl U B e R R
AE TR R MIFE LAY G B e L, B N RE R FE TS 4
R AR B SRR 7 R A R T 1 S R T R
PR i S A T i R A ) TR B s i X
U ER S
3.2 BEHERBENMXBRIE

REJZETT R A b AR A i 7 e O 2
WA BLAE S AT TR TR T 18] 09 5 4R P i
B o [ I i M ) B 12 4540 g 1 DA s
AT AR B AR 2R 5 FE L. I 45 4 Bk O i fiE
AT AN AT da BT, OCHEJR BB AE A TR N T
A 32 R A AR AR T RE R LR il 5
B R T 1 45 HA PR O 2K R FE LSS A L AN IAT 4b
JIt 7. B I o 2 RE i RE TS A M A E R AR IS
PR TR I A7 75 7 fE 1 2R 4 o At 2K i 4 FE
LA 52 R BB HERE HLAE A oy HHfE B BT A R
T FL L2 8 RE AR TBORE . BE 3L [ 4 SR AR L

(b) £RRE RS
4 A RE i FE B MR

Fig. 4 Energy dissipation structure type of overlying rock

PR RS U T g Ak S 5% SRR IR D P 0T RE AR
P AR T BT R A, i T ) O E R R R 2 O
SHEHCERIE T G ) ST R W) 26 R R hEFE B A

A o A DT A TR o i L R 2 SRR AR A M
Sy RN E 5 FR(7T~9) Fros R B FE LA 1
Sy A & 6 f=l (10) fron.



208 SRS N 2

o5 54 %

7
i
P \ T
|| \ 1 \ 7
| BB ——
/
/
/// // Qd
() e
1 b -
- 1

P15 Ak IS A 22 A5 B St FE R 45 4 ) 2R AR TR
Fig. 5 Mechanical model of point energy dissipation
structure of inclined thick coal seam

P =Q,+Q,, (7

Q — 47 — 3sind, P. (%)
" 47 4 2sind, (cosl, — 2)

Q, =T,sind,, (9

POy A RE B AR S M RSO 1, N5 QL
i A W7 B E B BT 03, N5 QS 7 s W 2 2 1Y
BIP) S, N30, i R FE HUAS A 7 i e SR e A
()3 Ty O 7e v Wi 2856 J2 308 01 N D i EFE#E
. hl N INCR=]
LA 23 JEE I JEE LA B 4= 50 o R FRAE
1
AU AR R sy R i RE TR FEHIES A K m,

P 6 TR R R R 2K RE S A A A g s A

Fig. 6 Mechanical model of energy dissipation structure

of inclined thick coal seam line

. s"+ (T, +T,)(qg+kcosd,) —s
2 (q + kcosl,) '

(10
Al WRRERFERUES KL, ms T, 72 3 5 1A
AR T Nsq N EEA R AT N/m’ 5k RE R

VEMAE T G SR £, 1 H (. 1 k=g,N/m;

s RT3 500 2 A S e (R B 91 3 FKF- 97N

T J2 T2 ) 30 o T K AR I 5 AR A A
AETRFE HL 45 M ML RE R FE L2 A 1 E B R B
2 A2 ) L BE B R B A5 40 52 22 07 1) N T3/ T B

il LI AR Sy 2 F IR, R RE BLZE R R 28 )
T KA I N T 22 E) 56 BN B AR LA MR S
A ERC S P -ApAL Eu NN |
JNE F7 R s AR H 4G A8 K AR T, o O 5 ST
ELAAER R A 7 TR, A8 RE WSS A K R
A AD FTR.

SRR
E z

Fon)ZAERLLEH

7 AR IS O 23 2 P TR 0 W 2% 1
Fig. 7 Fracture condition of overburden dissipative
structure in inclined thick coal seam

0 >0 pax :% Z:/[(7]6)1*71 .
DIE.I,
u=1
_P 7{0/7_;':;(::”(1511’163 X
6T ,h,cosl, +32pw,,h,2,(}cos€3 ’ an
b o HRERFERSS M T 3Z Y J) . Paso,,, NAEHE
FEHL A A8 FT R 7K 8 KV 7 Pas M () 4 fig 1 #E
WA SR N « ms E O B8 & FEHLSS A4 B b 7 2
SRR, Pas T Jhy 8 5 FE HUSS 14 B Ak A )= 0 1
N« msh, NAEREFEHE M S, msp HHEHR

)jrt

FERLUZE A0 % 1 L ke/m” 5w, A fE 1 FE HLZE 1) 5
AR R BB w, . LR BE AR A R
Hw, sm;G R RERFERLE A E 1, N0, Sk BEEFE
WM 2 A2 BT Y] a5 A &K A
Feff, ()T, NAEREFERSS W RZE R MY
Ry HREEAE RIS M T, R AR L EE ol
(T,+T,),N.

118 1 fiE et #E H 45 44 A6 1 T PN A2 R TRD ) 25
TEESE d Fl o AFE7E S R BREY b e R 1 4%
P AR =0 (12) s o i B X (13D,
azd>:

Iz’

N

M@)=(-D

1
—T,cos0, (h, —x)— ?dw”p(}cosﬁg (h,—x)7,

a2
hiw”chosﬁg +2h,T, cosl, ,
d = 1D x" +
w,oGeosl; | - T,cosl, +h,w,oGcosl; |
24D 6D o

(13



%1 XS A R 2 T SR ) B T A2 i [X R R T A A I AR BILBE A 5T 209
D=Ee€ */12Ad —u*) (14) WMEEMEARLE LR, ETFRT~1D . 4560
6:P+p(h,,—x)w,,(—G)sint93 (15 W H 5 A 2 8 ) B e R A IR g i B A AR

Ew ’ U R R AR S M BUR AE A C L st (18)

n

A d NRERFEHLAT B . mm; 0 N FEHLES

THFA L. RE AR LSS M W T ok B vh 0 = O 1) iR L

Bor 5o WAL REOCER = (16) Pk,
dr P —w,pG (h, —x) sind,

Fii7s.

1 b1
C = ?T,, cosd, L, E,_, —l—J ?dpw,,l,,Gcos%dx —+
0 .

dx Ew, (16) é;fnnrfzh 4‘J:I€;rpumJ"C?ﬁn03dx. (18)
fr o I AR AT B (13 A ATDARAILA8) o, 45 i fE i
(Gsind, | h,pGsin, — P RE L H 2 B R e LIR30 B G 26
"TE T B O i pman e R sk (19) B 28 B R B
B R O R B B2 AT ST RE 4 RO BRI 5t 20) B,

C,=Cyo. :2h3111w21p2G25in2@3 —O—Gl;;i‘:izjzlszzPsinﬁg +6h,l, P’ n

15h" 1w, pG T cos, cosly + 20h° 1, T? cos’0, #*3h51111021p2(?2005203, (19)
60EE */12(1 —u*)

C =C, .. :2h3212w22p2stin203 + GZZEiiyfvzzsz2Psint93 +6h,l,P°* n

15h" 1w, 0G (T, +T4) coslcosdy +20h°,1, (T, +T) 2c05261‘+*3h52121022pz(}2c05203, (203

60EE€ /121 —p*)

W C, 2 Cy a3 o i B i FE RIS A4 0 22 B f2E AR 1L

SIBURAERL T C L O 2090 SRR BRI

S5 K 55 LR RE AR AN H T R B R BE AL .

3.3 REEFRBENRINEETIE X M TR
117K FC J RE 75 A5 8 P s il B0k T BT 3R

IHRERHFERE \.

l Zh TR
Ev'>Ex>mw v E1>EI max. ,‘ﬁﬁﬁs‘fﬁﬁé’a’%} —_
________ | o L S
A RS
l itk TR

RELAEHSS

S FUAri DX RE S RE I A H R LA

{14 %5 B 7 Ak S 2 B T M I A P R L
Pl 8 JT 7S o REHR A HICS A4 T BT i R 2 DX T 285 A A
HLBCHE S BCH) S BT A 3 32 B L BE R FE HICAS F Y
WIT B e R G T [ e i T 2R T T R R 1 K
OB RE AR A A

SHERTER

P8 fH Rt B AL = fE A R G F B A T TR DU ST A i DX I A R T

Fig. 8 Time-varying characteristics of gas transport and storage area under the influence of energy dissipation

structure of inclined thick coal seam
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Fig. 9 Working face microseismic sensor layout and event distribution diagram
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Table 4 Original layout parameters of pressure
relief gas extraction borehole
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Table 5 Optimized layout parameters of pressure
relief gas extraction borehole
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Fig. 11 Schematic diagram before and after optimization of pressure relief gas extraction borehole layout
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