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Spatial division of abandoned mine methane reservoir: Taking 12501 working face

of Tunlan Coal Mine as an example
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Abstract: The accurate division of the disturbance space of abandoned mine methane(AMM) reservoir is an important basis for the evalu-
ation, development and utilization of AMM resources. In this paper, taking the No. 2 coal 12501 working face of Tunlan Mine in the
Xishan mining area of Shanxi as an example, numerical simulation of stress field, numerical simulation of fracture field and physical simil-
arity simulation are used. The distribution law of stress field and fracture field during the mining process and after the goaf is stabilized is

comprehensively studied. The research results show that the physical similarity simulation and the numerical simulation have a high de-
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gree of agreement. Combining the above three methods, the CBM disturbance reservoir space in the abandoned working face 12501 is fi-
nally divided into floor fracture area, recompaction area, gas conduction fracture area and bearing fracture area. The floor fissure area is
located just below the working face in the coal seam. The overall mining fissure development area presents an inverted trapezoidal plat-
form with the bottom surface close to the mined coal seam. The numerical simulation results of the fissure field show that its vertical depth
is 22.3 m, Its depth is 5.58 times the thickness of the coal mined. The pressure-bearing area is located in the unexploited coal reservoir
around the working face. It extends 70 m outward from the boundary of the working face inclination and 100 m from the boundary of the
working face strike. The numerical simulation results show that the peak value of vertical stress of coal reservoir in the pressure bearing
zone is much larger than the stress value of the original state of the coal seam, but smaller than the average compressive strength of the
coal sample in the vertical seam. The main part of the gas-conducting fissure area is located at the edge of the coal seam working face. The
bottom is a rock caving zone with a height of about 13.2 m, and the upper part of the caving zone is a rock stratum fault zone with a height
of about 33.6 m. The vertical cracks in the fault zone continue to expand and penetrate through. Separation cracks. The overall shape of the
gas-conducting fracture area is a trapezoidal platform, Its height is 11.7 times the thickness of the coal mined.. The main body of the re-
compaction area is distributed in the middle part of the goaf of the mining face, with a dip width of 110 m and a strike length of 1 268 m.
This area is mainly composed of curved and caving overlying rocks, and the overall shape is a trapezoidal platform, which is located in-
side the gas-conducting fracture area. The gas-conducting fracture area is a favorable area for the development of legacy coalbed methane
resources.

Key words: abandoned working face; AMM; disturbed reservoir; spatial division; numerical simulation; similar physical simulation
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Table 1 Numerical model Mechanical parameters corresponding to different layers

Ak P/ (kgm ) AR/ MPa S /GPa PIEEAEEAA/(°) Fh® J1/MPa BT EE/MPa
W 2642 6755 3.83 33 4.43 1.46
ERPey 2752 8630 4.96 31 5.63 3.47
e 2675 6500 5.60 33 5.90 3.88
73 1380 2310 1.63 18 1.88 0.52
e 2530 3125 2.56 32 3.89 1.17
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Table 2 Mechanical parameters of rock joint surface
eS| LW EZ/GPa BIYINIEE/GPa FhEI1/MPa NEEHEAA/(°) P 2/ MPa
s 38.40 15.40 9.50 20.00 2.50
PeIE 15.20 6.00 2.70 15.00 0.80
) 9.60 3.40 0.80 14.00 0.52
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graphic statistics

His At HEREm ZEEm  BEHEE/(kgm)
1 b 6.72 134 2720
2 RS 24.45 127.28 2645
3 hibs 22.06 102.83 2740
4 YRS 17.15 80.77 2665
5 WRiE 125 63.62 2642
6 hibs 18.29 51.12 2752
7 YRS 11.83 32.83 2675
8 b 5 21 2752
9 YIS 2 16 2675
10 25 4 14 1380
11 thihs 10 10 2762
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Fig.11 Coal seam excavation to 50 m at the first collapse of

overlying strata
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Fig.13  Curved subsidence process of overlying strata during coal seam excavation

Sl ﬁ_,?, B o SR 25 |
m : Ast '“'._;‘."T.."’l""“—-——o-ﬂ—“—'_,

14 HEFLZEOm B+ EmREy RAFERE
Fig.14 Extension of vertical cracks into translamellar cracks

during excavation of coal seam to 90 m

W FFZEE 40m iR, FE)2%% L BE
PR B R TIOMR 55.4 m &b, 25 il T 25 BE B 002 T
FEEN 64.8 m, R AP F R &
JER 38.9 mo FEREIEZ TS, 2 LA Z IR E
Bl X 71 5 S4B 5L BRIV R, JKOF- 1) 5 2 S4B e
R A 2 (i) o 0 T S8 T R, TR B
TR LR BB
TR RT3 B R0 180 m I, M2 A A2
— YR, ?ﬂ%%%%ﬁmm“%%%%ﬁx
1324 m, ZF )2 AE ZHRFEETERFTHRR
252

W A 5 B 47.13 m, IRAFAE S M 46.8 rn, x5
UDEC BB 45 5 46.03 45 SRR &, HEE
J2 S A 1 e ) 398 T B S R A O,
iR U S B2 A 112.5 m & (& 15),
TERERIITA2 45 o 5, FREe M R s X N 5 )2 28
NGO, RIAARRIF 24505 S Rt L 0.3 m/h
4R B Ak sz [y I EA, I HLb e AR e, AR AT
T 2 AR A

= :{JE\ \‘/im)r«(*f'ﬂ?

i o

- U\TIIJ

Hi1s HEFHERZEHNEER
Fig.15 Similar model after excavation stabilization of

coal seam
ERE 2R, BR AR A TR R0
WA EN, RIS HB R LT, MITZHZR R



MR RS AR I I8 B A2 S 2 5 (8130 7 —— DU 22 ™ 12501 T A A 41

2023 455 2 A

FEEEAE B2 T2 kAR B 4, dE i 7= A
—E R B, Zead AR, AR JECA LB L R 1
BT, KEE DT 8~ 10 m, 2% H
0.3 ~ 0.4 4%/m. AP I H R 28 X P g, W
A 22 189 43 A B, SR 2 IR Al XS5k [ A9 ] LA g
Syt B IR AR IR IR A A5 1]
3.4 BEBREESHEEMSZ=ERTEXIS

R T ST XA TSR A 3 X 1 B AL T AH
IBLAUBF S EE R, A 3 X N N ) 5 F B 3 45
RS, X 12501 T AE 5t B 2 R IR A7 2
V) £ A %) 00 S A A XA R 4, e 208 12501
TAETH S M IAREBRIX | RS IX S B X
AR (B 16), H A REEN J7 7425 T 7K T
DX, A4 S B S A L B AF Ly B UL e 24 0 o YA
SABRAIK | FH RS X BRI

T 5K
BRI |

\"-\'.. - W
gy
i i B
i
i
f
i

ESE

70

55 [35

100{ 216 634

12501 T{ETm

Fifii: m

B 16 12501 TAFT JF R 4h 30 K % 4
Fig.16 12501 working face mining disturbance zone division

1) JRBCRBRIX . W% AR U TR T2 45
KA, T TAREEZ IR E AR, HR s
—E RS 0] B R AR SGR, JF B AT 10 B REE, iR
i 48 I3 A FAT — 5 WO R, SR s DX 1 S i
BETR O M R4 K A, I WA K R RS
J2 B8 RS X 7 YRR A 2 R RS VR
HAO RS IR UUA 2 BRI, R 5 2488 1 BT
ORI G, R XD IR K P R LR FEA 5E 42
P&, A AR o3 8 1) AR AER U2 45 AR R B o R
PR AU ZE R, TR MR B XA TR rp A 1 Y
TERT7, AR B AR A 7 X A B S i TR
JZ R R EIREIE &, o )5 T e 52 XA,
SRR B AU S R s e 1) TR 22.3 m, Oy

FERMEIEEY 5.58 1% . FEJRARALBR DX 5 M R B T Y
MRS AA KR, Wk TR EEER, (2=
SIEW Y BB, TR ERT, [ Lg% 2 )
LR

2) K JE X . HHE FLAC #4048 75 i TR 3 50
DX 3 43 AR AR, 78 He DX A5 T AR 11 P ] 8 2R R
A2, E T AR IR ) A 300 SRS 43 0 1) FR REE R 70 m,
FE T AR I [ (9 320 8 4353 1) S AE A 100 m 940
e, BUE RIS S I 7 K R DA )25 3 [ 1 7 WL
A 29.36 MPa, 3t K T2 SR AR RS 19 1 ) BUE, 1
INF S A SR B PR SR, 455 A
RIABE B, Hh s SR 7 W) s ) 5 SR, I o )2 A2 E)
FREEM R BN Ty, Ab TR HOR A o 7R R X 15t B A
G RERR FEE A IX I, R A KR B
FEREHORIR, AL 8h 23 18] P4 1 ) 25 vk J3E 25 1 1
FH, 75 DA TSR AR 2 Y5 5 A DT b R TS M 2 <
AN

3) FAMBIX ., AR R I 2RI B AU
FE AR UBLIAZE B, SRR IX AR T I RAME
2 TAEH S X 58, BHE AR RIEZ )R 25 XA
T4, B DX IR A2 B 2 T R R A AN R R
JER S TE B2 . RIS R, SR 2
] 25 & A KL LS | R UL, X PN 2 2 B R SR
I T A T S 9 T D5 R B, FRAE IR RIE A
FEZ) N 13.2 m W R R 8 T, HoN A R o1 iot BE AR
Yo ne i A S IHEBURE .

BAR R LI 2 33.6 m B A 2 TR,
W7 S PN R ] SR N BT O 2 A, HLlK
ST YR A 6 B LG R R R, T T i
BT LS B RBUN SRR, [ A4 T 5 B
PR AR S22 2 R AR S AR R 2 T R B
U DX 35 Ay gt BR 2 AR IR &2 A R X, 2T
2 DX AR R T K i 2B, SRR
) R SRS T 2S A), [R I sh 25 8] A7 7 5
ERR NS EWE R, IS SRR IIMERT
HIERETSAURX TR, FAMRXE
IR MBI &, ICHESNER 12501 TAEmZA, W
HR ) F TR S XA, SRR X g B R R R
M 11.7 %

4) ALK . AEARRIB LRI Z 2
HR SR 37 v U2 L B G 0 B R SRR, AR TE
H VR T SR DO A RS X, X i
O3 A T IR TAE TR 25 XA v R 43, i 1a) 56 5 A
110 m, E M BE N 1268 m, I X B 3= 5l 25 il 5

253



2023 4F55 2 A

#EHFHAK

%51 %

T AR, BRI REIE &, 0 T AR IX
N T R S8 IX TR 2 T2 I e 28 D SUEAE AR
R EIX, B BT 2 AR5 P AR R
P RS R U B R B N R, N
SAHEY;— TR R AR, (H R 280 A I FLR 37K
AR R 2 AR, IR H R A, e X3k
PN DL [ 2 2 54 4 Ry 2 T X X PR T 45 ol R AR g
R SR 9 T t, S int PR B2 ARREUR Y A

Heli

TE 12501 TAE i DI HR — ity S 200 PR e b 4
QA E A — 1 R 28 X HF XSTCK-02, H: H < 7= &
5000 m’ LU b, R S AEZE A, H e IR AL BAE
60% ZiA7, A eIt eI B AR SRR BRIX,
BAREA AR &8 T m i hr, Kt 8= m
ZALIE R A, 1% XSTCK—02 K i H] F4 5 5 7 42
HETEESEAR(E 17) .

12 000 ¢ A 1600
— TR

10 000 | — HPA= 1500
~ L — &7 =
L 8000 {400
K] ¥
£ =
i 6000 1300 12
r ' <
L4000 | 200 2
m R
=

2000 | ] 100

' _'_-II' T
0 . . . . . 0
2016-02-29  2017-02-28  2018-02-28  2019-02-28  2020-02-29  2021-02-28

H 17 XSTCK-02 #HE % &
Fig.17 XSTCK-02 well drainage curve

4 & it

-l

1) %ﬁ*ﬁ“’f;’%ﬂ S5EERVI G R, 456 3
5, B 2% 12501 57 T AR M8t B2 S sh
225 lEﬂia'JéHﬂ“ MR Z4BRIX, FHT RS IX , BB
XA X

2) JE AR BB XA T2 TAE A IE R 7, B
TR S 2B R B X 2 0 S TR AR 2 R RS THT 1)
BRI &, 2485 BUE A I SE 2 b 7 e ) TR B
22.3 m, HIFRBIER 5.58 fi5.

3) 7 XA = A T W ] %) R SR I 2, 7
A G i ) 30 RS 430 1) S SE A 70 m, 7E T AE TR
FE ) 34 R 43 ) ) SR SE A 100 m A7 |, FE
B2 SR 0 7 7 Fe DX R )22 2 1) 17 g e Ry dzs KT
S22 T s RS B 0 T A, E/N T 2 R AR Y- 1
PURMBRE

4) FARHBIX FARALTFRMZ TAERINZ X
B, RN L 13.2 m (A 2T, RARYSTE S
A 2 33.6 m RS 2 WA, AT P 18 ) 4
WY R R s . SRR EBAILR A
BB &, Hom B R RIER A 117 f5. EHELIX
FARI AT T IR T AR R 25 XA o (815843, 40 ) 9
JER 110 m, E A EE N 1268 m, X i £ 5875
M5V BB AR R, BT AN BIE &, (L T R

254

B DX PN, 3R X R i B 2 BRI A
FIX

2% 3 ik (References):

(1] &P, e, XU, 45, A5 R 28 ORZ R A5
B RS L] e, 2016, 41(3): 537-544.

MENG Zhaoping, SHI Xiuchang, LIU Shanshan, et a/. Evaluation
model of CBM resources in abandoned coal mine and its applica-
tion[J]. Journal of China Coal Society, 2016, 41(3): 537-544.

[2] ERE B F 5,5 BEHTIHFEERZ R TE
JRUURAF S BOIR K R 22 (1] 5 FH 3BT 5 B4R, 2022, 52(4): 3544,
WANG Jiachen, YANG Zhaobiao, QIN Yong, et al. Research
status and prospects of secondary enrichment and accumulation of
residual coalbed methane resources in abandoned mines[J]. Coal
Geology & Exploration, 2022, 52(4): 35-44.

[3] KARACAN C O, WARWICK P D. Assessment of coal mine
methane(CMM) and abandoned mine methane(AMM) resource po-
tential of longwall mine panels: Example from northern Appalachi-
an basin, USA[J]. International Journal of Coal Geology, 2019,
208: 37-53.

[4] KARACAN C O. Modeling and analysis of gas capture from
sealed sections of abandoned coal mines[J]. International Journal
of Coal Geology, 2015, 138: 30—41.

[5] YAVUZH. An estimation method for cover pressure reestablish-
ment distance and pressure distribution in the goaf of longwall coal
mines[J]. International Journal of Rock Mechanics and Mining

Sciences, 2004, 41(2): 193—-205.


https://doi.org/10.1016/j.coal.2019.04.005
https://doi.org/10.1016/j.coal.2014.12.010
https://doi.org/10.1016/j.coal.2014.12.010
https://doi.org/10.1016/S1365-1609(03)00082-0
https://doi.org/10.1016/S1365-1609(03)00082-0
https://doi.org/10.1016/j.coal.2019.04.005
https://doi.org/10.1016/j.coal.2014.12.010
https://doi.org/10.1016/j.coal.2014.12.010
https://doi.org/10.1016/S1365-1609(03)00082-0
https://doi.org/10.1016/S1365-1609(03)00082-0

MR RS AR I I8 B A2 S 2 5 (8130 7 —— DU 22 ™ 12501 T A A 41

2023 455 2 A

(6]

[10]

[11]
[12]

ISLAM M R, HAYASHI D, KAMRUZZAMAN A B M. Finite
element modeling of stress distributions and problems for
multi—slice longwall mining in Bangladesh, with special reference
to the Barapukuria coal mine[J]. International Journal of Coal
Geology, 2009, 78(2): 91-109.
BRI 5, VFAObR. BA SR SRS i i “O” L RIRHIE RS (1] 4
REEHR, 1998(5): 20-23.
QIAN Minggao, XU Jialin. Study on the “o-shape” circle distribu-
tion characteristics of mining-induced fractures in the overlaying
strata[J]. Journal of China Coal Society, 1998(5): 20—-23.
XTI 07 LA AR Bl ) 5 4 ) TR 28 R N (0] a2
2, 1995(1): 1-5.
LIU Tianquan. Influence of mining activities on mine rockmass
and control engineering[J]. Journal of China Coal Society,
1995(1): 1-5.
W BRI I 5T I A RIE B TR B R BT D]
TR AL R, 2013
YANG Wei. Mechanical behavior evolution of mining stope and
gas control technology[D]. Xuzhou: China University of Mining
and Technology, 2013.
AE K, IRPME, WIBETS. L7948 SC P eI vk M e IR
TFRAHEZER [J]. A ERR ML, 2020, 32(9): 79-87.
SU Yufei, ZHANG Qinghui, HU Xiaobing. Review on Import-
ance of prospecting method and exploitation, utilization for closed
coalmine resources in Shanxi Province[J]. Coal Geology of
China, 2020, 32(9): 79-87.
B AR PR SR A R Z BT IR IR A PR 5 [R]. 2018.
IR, L AR IS R s DO R A iR 92 B 7]

[14]

[15]

[16]

A, 2020, 17(1): 35-38, 34.

ZHAO Xiangdong. Practice of coalbed methane surface extrac-
tion in goaf of abandoned mine in shanxi province[J]. China
Coalbed Methane, 2020, 17(1): 35-38, 34.

PR, IR, 2R RS X R B BB [T]. S
e, 2007, 32(4): 96-101.

LAN Zequan, ZHANG Guoshu. Numerical simulation of gas con-
centration field in multi-source and multi-congruence goaf[J].
Journal of China Coal Society, 2007, 32(4): 96-101.

XU, KB AE W R 25 DXIREMAS 19 494 TR TIE 37 3 7 A 4Lk 56 A0F
G2 11]. BERFIFHR, 2020, 48(8): 114-120.

LIU Zhenling, ZHENG Zhongya. Simulation test study on tem-
perature field evolution of coal spontaneous combustion in
gob[J]. Coal Science and Technology, 2020, 48(8): 114—120.

T IWEL B R, S SOGWRERTIRE RIS RE
FEEUDECEUEBHUBTE [1]. RE™HR, 2021, 21(5): 109-112.

WANG Lei, WANG Shuming, CHEN Xing, et al. UDEC numer-
ical simulation study on dynamic development characteristics of
coal seam roof separation in wenjiapo mine[J]. Mining Techno-
logy, 2021, 21(5): 109-112.

TR, RV 5, T30, 5. UDECHUA I B A0 1A 14
1 SRR B I D). SE g HOR S5 B, 2021, 38(9):
220-223.

WANG Eryu, DAI Yuxin, WANG Wencali, ef al. Application of
UDEC numerical simulation method in experimental teaching of
mine rock mass mechanics[J]. Experimental Technology and

Management, 2021, 38(9): 220-223.

255


https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.1016/j.coal.2008.10.006
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13
https://doi.org/10.3969/j.issn.1674-1803.2020.09.13

	0 引　　言
	1 屯兰煤矿地质背景
	2 研究方法
	2.1 FLAC3D模拟
	2.2 UDEC裂隙场模拟
	2.3 相似物理模拟

	3 结果与讨论
	3.1 FLAC3D模拟结果
	3.2 UDEC裂隙场模拟
	3.3 相似物理模拟
	3.4 遗留煤层气储层扰动空间区带划分

	4 结　　论
	参考文献

