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Key technologies for extraction and identification of gas target area for pressure

relief in inclined thick coal seam
LI Shugang'?, LIU Lidong', ZHAO Pengxiang'?, LIN Haifei'?, ZHUO Risheng'
(1. College of Safety Science and Engineering, Xi’an University of Science & Technology, Xi’an 710054, China; 2. Key Laboratory of Western Mine Exploita-
tion and Hazard Prevention Ministry of Education, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: In order to study the dip angle effect on the evolution law of the target area for pressure relief gas drainage in inclined thick coal
seams, the physical similarity simulation test and theoretical analysis were combined to study the fracture evolution in the target area un-
der different coal seam dip angles. The evolution law of broken fracture’s width, the area proportion of bed-separated fracture, and the
fractal dimension of fracture with the change of coal seam dip angle in the target area were obtained, and then the coal seam dip angle ef-
fect model of the targeted area evolution was established. The results showed that the broken fracture’s width presented the distribution
characteristics that the boundary area on both sides of the goaf was greater than that in the middle, and the low horizon was greater than
that in the higher horizon. What’s more, the broken fracture’s width was strongly affected by the hinged beam. With the increase of the
coal seam dip angle (0° < 15° < 30°), the broken fracture’s width in the upper region of the first layer of hinged beam is significantly re-
duced compared with that in the lower region, which is only 52.8%, 64.3%, and 71.1%, respectively. The area proportion of bed-separated

fracture in the dominant gas migration channel zone was the largest at the bottom, followed by the top, and the smallest in the middle. The
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fractal dimension of overlying fractures decreased first and then increased as a whole. The fracture evolution laws were obviously differ-

ent on both sides of the layer where the hinged beam of the first layer and the minimum fractal dimension of the fracture were located.

Therefore, the dominant channel belt of gas migration was divided into low-layer target areas, middle-layer target areas, and high-layer tar-

get areas according to the level of the spatial horizon. Finally, based on the theory of mining fracture ellipse belts and the dominant gas mi-

gration channel zone at the working face side, the mathematical equation of the target area in inclined thick coal seams was established

considering the coal seam dip angle, and the basis for selection of pressure relief gas drainage methods in the targeted area was formed. It

provided a reference for optimizing the parameters of pressure relief gas drainage in an inclined, thick coal seam working face.
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Fig.1 Physically similar simulation test model
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Table 1 Model similarity constants
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Table 2 Physical-mechanical parameters of terrain

At R AR e
(kN'-m”)  HE/GPa  5RJ%/MPa
pdiiieya) 26.40 56 48.8 0.278
b 26.60 50 65.1 0.280
gl 26.20 43 69.0 0.260
b 26.00 54 58.5 0.253
T2 14.60 14 13.5 0.275
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Table 3 Proportions of different simulated rock masses

ORBT R kg
¥ e i JELBE /em
¥ AE KAk EK
1 b 2 2,614  0.075  0.298 —
2 YA 8 2613 0.149  0.224 —
3 itz 4 2614 0075  0.298 —
4 gl 13 2613 0.149  0.224 —
5 b 3 2,614  0.075  0.298 —
6 g 7 2613 0.111 0261 —
7 gl 7 2613 0.149  0.224 —
8 b 9 2,614  0.075  0.298 —
9 Eilra 10 2613 0.149  0.224 —
10 Wb 6 2,614  0.075  0.298 —
11 BT 1 2654  0.099 0233 —
12 WbE 5 2,614  0.075  0.298 —
13 gl 3 2613 0.149  0.224 —
14 b 5 2,614  0.075  0.298 —
15 iy 3 2,654 0.099  0.233 —
16 gl 6 2613 0.149  0.224 —
17 P 5 2613 0.111  0.261 —
18 itze 5 2,614  0.075  0.298 —
19 BT 4 2,654 0.099  0.233 —
20 Yt 5 2613 0.149  0.224 —
21 itze 17 2,614  0.075  0.298 —
22 gl 3 2613 0.149  0.224 —
23 mEE 1 2654  0.099 0233 —
24 2 6 1342 0.059 0239  1.346
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Fig.2 Distribution law of broken fracture’s width at different

coal seam dip angles

TN VT 2R 5 5 8 7 2R 23 X N 5 B R T R
RE AR TR R CLA AR . RZS X P L iz
108

RO SAm BT N 57 5 2 U BHE R IE A7
TE, B BT A B 7 B 2 W s 2 18 6.4, B T R
RPN, 3 FR R v P S, T AR T — O A e
FEFE R S 01, 5 T L A 22 ] %) il D 28 i
PG, ZEBR kI EE DN o SR XM B 422 A A G
5852 BN FCHT I B O S50 1 v i D 24 B T
BERF i B2 A2 T XA s
75 JE Y 2R AL, AH B2 (R B R B e T R4 B
HF R 2 RO R B B, 1E A BB XU, A AR s
J HERDIIE 2B e HE A 1, AR 5 Ak 22 ] 1% il b 54
Bt i B A3 A5 T I R IR, DR A 6 A e
7 1) L 18 W SR B O B R ) X 8 R A TR E A
MV TEA
22 BEBERABESMNE

52 LB ) R B Y S B A s [, A
— i DI FLHT AR RE 0 1 B BRRES . AR
1050 £ T SR 3 7 o B )2 S4B TE 2R 25 XN 4 A AL A
Bl 3 oo BT IF R 0= 4R 4 BRAH L BT 5
PR b 3 2 B TR AR N (5 mxS m) 125 )2 24 B A i A
AR i e A 4l

FH &1 3 AT, BL T S AR 5 Tl Y 25 )2 24 B
T AR LG S BIE ER fe ok, TR 2, v de/ NI 73 A
FRAE; Bl (AR 3SR, AE T AR T HEE 2 AR TR PR B i,
ToTH g = 24 T AR o LRt R . X2 T A
BAETMIE UG, WS R0 A SR B RS I i L
W E HERRR T S5 T TR, AR Z WAL D i
B2 IR, A A5 v X el 2 A AR ARl .
BAERET W B A RMERUR AL, AR Z 1R
FETE R B 22400, Vv AR 5 il S8 e 2 TRl 7
FERR AR L FE 23 (1], (45 0 DXl 2 )22 2 1 AR
di iR . THERIY R A 2 R V578 Z 2 5K 4k
JETY LS B AR 23 1 25 ), LI A 08 23 00 1 34
K, RS R AEYS 15 Z R ES BEXG N, S BT SR
% (] 1) B 8 R 8 2 [ A3 R, R T S 307 BL iz B8
DA T8 IO 4 BRE X R  5 J2 SR BR T AR  LE
TH L
23 BESHEHELNE

BRI AR R IR — o IR AR AR F R 2
FRFE R FE R MH, TR 4EEE R, 2L B R A
gy, HUE BLTEIZ X 0B 5 | B4R G e ) g, )
FH FracLab 3 {44b BB B 2 I ARAS [R]BE 25 T 1) TAF
AN BL 2 B8 Pt 340 1y R4 B DB A e, 3145 T
4 JIr 7 B AN Tl S 246 £ 1 SR B oI e B0 A FL A
[, HARYE AR, T T ABIA, 4553003 4.



RIS - RS s FUATHE [ DB SR G HER A

2023 455 8 A

PR %
35.00

30.63
26.25
21.88
17.50
13.13
8.750
4.375

0
10 20 30 40 50 60 70 80

BETT AR R 25 /m
(a) 0°
B ZRB S /%
50 35.00
30.63
. 40 2625
o 21.88
=30
= 17.50
o )
%2 2 13.13
= 8.750

4.375

0

10 20 30 40 50 60 70 80

BEFUIHR A 25 /m
(b) 15°
BZ2R 5 /%
50 35.00
30.63
e 26.25
i 21.88
==Y
= 30
= 17.50
b
%gzo 13.13
= 8.750
0 . 4375
0
10 20 30 40 50 60 70 80
R FF U AR #E 25 /m
() 30°

B3 FREERFAEERXRERE k)AL E
Fig.3 Distribution law of area proportion of bed-separated frac-
ture at different coal seam dip angles
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Fig.6 Distribution of target area for pressure relief gas drain-

age in inclined thick coal seam
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DA T A 1o [m] XA — 0 /5 07 5 ] BE S 0 ~ 25.4 m,
65 ) B 55 ~ 10 m, & L2 AR 0 ~ 17 m A3 il
oA 2 A 80 ) XA T AR S A B 4~
30.2 m, fHil ] FE S 2.6 ~ 28.5 m, T EMHEZ R 17 ~
30.5 m FYE .

x5 BENMEEXEERLYHRGEEEKE
Table 5 Basis for selection of pressure relief gas drainage methods in target areas of each layer
T AT FLM 4t/ (m’ min ™) T FUITh R vk JIT I DX 3
<10 R A fIRJZ AR IX
10 ~ 20 WL AL LIR ECE R AL T, S B R i, HZ AL E X
20 ~ 50 FUAT MR AR BUE ) S AL AL B LR 3, 4 B AR Al &, o, mE A X
=50 foRAS . WAL AT AP AR %, o, w2 X
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Table 6 Original drill layout parameters of No.13 high-level drilling site

Wi 's Wil EhifL A% /mm SHEAI /() /(%) fLEK/m LA LIEHE 2 VAR 5 4 /m
1-1 Zefa.1 12.0 102.5 15
2-1 Zef2.1 13.3 102.8 19
1-2 0 12.4 102.4 19
o 2-2 fifi2.0 13.7 103.0 23
135 120
1-3 Fif4.1 12.8 102.8 23
2-3 Fif6.1 14.1 103.7 27
14 Fw8.2 13.2 103.7 30
2.4 FifR10.2 14.4 104.9 34
1-5 Fili12.2 13.4 105.2 34
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Table 7 Drill layout parameters of No.13 high-level drilling site

it ifLgw 5 HifLEA/mm SHEAEIAA/() /(%) fLE/m SALIE )2 AR = 2 /m

1-1 TEfw6.2 7.8 101.5 15

2-1 e 4.1 12.0 102.5 15

1-2 2.1 13.3 102.8 19

L 2-2 0 12.4 102.4 19

1 1-3 120 Fifi2.0 13.7 103.0 23
2-3 Fif4.1 12.8 102.8 23

14 Fif6.1 14.1 103.7 27

2-4 Fif8.2 13.2 103.7 30
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245 3
1-4 5
235 135
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Fig.7 Layout of high-level drilling field
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Fig.8 Gas extraction effect of drilling field
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