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Model with random cleats distribution for coal seams and its application
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Abstract: How to simulate random distribution of cleats in coal rock is key technique for simulation of methane recovery. Monte
Carlo simulation technique is adopted to simulate the randomness of cleats distribution; and the model with random cleats distribution
for coal seams is presented. RFSS?® (Random Fracture Simulation System in two dimensions) is developed with Matlab. Based on
spot data for coal and their statistical analysis, not only the virtual fractured coal seams in which there is the same fractured statistical
law with real engineering rock can be generated, but also FEM grid can be performed automatically by RFSS . As a numerical case,
a gas production well in Liaoning is studied with the model. According to spot and statistical data the model of random fractured coal
is set up; and gas pressure and stress evolution are simulated. The results are as follows: Cleats which are connected with gas well
greatly effect on gas flow; and cleats which are not connected with gas well finitely effect on gas flow.
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Fig.4 FEM Grid of ouble set sof filed and nonfilled and
discontinuous fractures

B E18

E4

22 |

B 5 BEPLETEE. JREFERIEERAERE
Fig.5 Random filed and nonfilled fractures

RVARNATA VATV
ket
AR

o1
o
T

SRt
ity
VAvAVAVAYo

B 6 BENLATEE. ARHANIHAREGRIA TP
Fig.6 FEM Grid random filed and nonfilled fractures
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Table 1 Parameters of numerical case

ZH A

PEEAIIRIE AR Ky / (m*/(MPa” -d)) 23.8

2 BUIE 2 AR 4/ (m*/(1xMPa'?)) 2
VR E/MPa 2100
WEEEES/(C ) 30.2

FHi% 1/ MPa 1.4

YidrsmEE/ MPa 0.1

HEY /NG 0.3

B OIS S RS I R AL 47
PR IE R REUE I R 109
RUEYIIRE S A Ky /(m*/(MPa” -+ d)) 1 800
R B IC B PR /MPa 0.01
ZAE LI AR Ap /(P /(M Pa'?)) 0.12




513 IRFFL

BEAIL A1 SRS AR R K TR 269

Xof PR SR DA (TR A, i 1% S
0.01 m LA b5 5 (1) 3 7o 24 B iR NI AA 20 A1 s 24
BT /0o 7 DX 358 P9 R )50 93 AT s 128K R AN IE 2 20
BB R 3 m, FRAEZE N 0.4 m; THEE T rRER 2 LUt
SO RV RS, S4BT (BAAER 000 AR
E&SAG, ¥IER 200, FrdEZER 1°; BRwE TR
BeorAi, N 0.05 m. FIH] RESS™ RGeA: kibl
HUZLER L AT FR GRS UL 70 B 37 AT BR A7
S AF| Couping Analysis, 7531 FCIHhBOT 1 FC M
JEv N AMAR . P8 4 2 880 d kst
LI R oA i, P 9 AT 10 2 2 880 d it
JEIEL N g J ARy 5 ) N B s AT A .
AL, TEE RS O e A5 I E AR X PLE B AT
RN, X8 T REGENIAF AR T B TUA BN B
B, AR T k. MWE 8 hEEFE H,
SO T (R LTS R MR oK, TS
PR ANE @ BRI ZNME 2 . Mk, —
SR AR AN 7K o 4% S T RN =l A S i
W I, AR T B

&7 HHHERITME
Fig.7 FEM grid of case

Y/m

0 2 4 6 8 10 12 14 16 18 20
X/m

B8 2880 dHIFLITESA (HfL: MPa)
Fig.8 Gas pressure in 2 880 days (unit: MPa)

)

20
18 -02
16 -04
14 L 0.6
12 ;
0.8
g 10 %
8 - -1.0
6 -12
4 -14
2
0 -16
0 5 10 15 20

X/m

B9 2880 dHEE x NS (HfL: MPa)
Fig.9 Adding x-stress of coal in 2 880 day (unit: MPa)

)

20 02
18 ’
16 -0.4
14 -0.6
12 -0.8
8 -12
6 -14
4 -16
2 -18
0
0 5 10 15 20

X/m

B 10 2880 d 8 y HMEMMS) (BA4AL: MPa)
Fig.10 Adding y-stress of coal in 2 880 day (unit: MPa)

Y/m
=

5 4 @

FIH Monte-Carlo S ARU S b il 2B
MIBERLYE, ASCEAL T BEHLUR AT R A,
FEIFR T —HEBENLBURE S PR A R Y RFSS™. 1l
BT, ASCEZAF R T 458

(1) LEMEA S o A ge v o 3kah b, %R
AR R SE e BAT R R SE v A 2B 0
2% 1R RE LA T ELRE E S SEBUAT PR IT kA% ) 23

(2) ZBUH BB EZE N . L5 L
HIEE I (12BN P RS oM 2K T S HlgOFANIE
IR, L, LSRR IUK I HIgE, T Redl
R ARG S WSO, oA AT BT

(3) ASSCHESL IR A SRS - N ) 3 2 MRS 5
TR, ANURER LS S AR EE XS PL AT IR IR 3
Wiy, A BE S RS N AL SR BB BRI
s, BAT e N A .

(4) M TBRsE s, FEREHLR U AR
6] 47 PR TCARR R e A 2 25 BROK B R 1 A Bl » PR,
TR R A SR N5 i, iyt —20 ik
ity LT



270 b +

71

4 2010 4F

(1]

(2]

(3]

[4]

(6]

[7]

(]

2 % 3 MR

TOKIL, sk, TR AR TR R R Ul
HRIHUBITT]. 1T LREEORK 244, 2008, 27(6):
805—2808.

YU Yong-jiang, ZHANG Chun-hui, WANG Lai-gui.
Mechanism of improving mine gas drainage by ultrasonic
disturbance[J]. Journal of Liaoning Technical University,
2008, 27(6): 805—808.

. ARIZ R BUSTRE 2 22 4 TR B ORI T[],
A S TR, 2008, 27(7): 1370—1379.

YUAN Liang. Key technique of safe mining in low
permeability and methane-rich seam group[J]. Chinese
Journal of Rock Mechanics and Engineering, 2008,
27(7): 1370—1379.

sRAELs, TUKIL, B, B SOl 252 R
W] 3T TREBARRAA24R, 2008, 27(6): 844 —846.
ZHANG Chun-hui, YU Yong-jiang, ZHAO Quan-sheng.
Consolidation model of gas drainage for coal and its
application[J]. Journal of Liaoning Technical University,
2008, 27(6): 844 —846.

ZHAO Y S, QING H Z, BAI Q Z. Mathematical model
for solid-gas coupled problems on the methane flowing in
coal scam[J]. ActaMechanica Solida Sinica, 1993, 6(4):
459—466.

SUN PD. Numerical simulations for coupled rock
deformation and gas leak flow in parallel coal seams[J].
Geotech. Geol. Eng., 2004, 22: 1 —17.

VALLIAPPAN S, ZHANG WH. Numerical modelling of
methane gas migration in dry coal seams[J]. Int. J.
Numer. Anal Methods Geomech, 1996, 20: 571 —93.
SRSy, BAAME. JETARCGISIUNT L FFRUTHA % 5 T3
RGN A%, 30(7): 2197—2202.

ZHANG Chun-hui, ZHAO Quan-sheng. Early-warning
system of mine subsidence damage based on ARCGIS[J].
Rock and Soil Mechanics, 30(7): 2197—2202.

WREIST-. S AR BILANE S8 1 — 2 9 2% BB AR [D].
5 TR, 2001, 23(4): 397—402.

CHEN lJian-ping. 3-D net work numerical modeling
technique for random discontinuities of rock mas[J].
Chinese Journal of Geotechnical Engineering, 2001,
23(4): 397—402.

RIESR, AR L. SR RS UBLL I — 4 2 R
P % AR (T): 2R 2 P 2% TR B LA J T, 2 A0 0
5 TR, 2004, 23(12): 2015—2020.

SONG Xiao-chen, XU Wei-ya. Numerical model of
three-dimensional discrete fracture network for seepage in
fractured rocks( I): Generation of fracture network[J].
Chinese Journal of Rock Mechanics and Engineering,
2004, 23(12): 2015—2020.

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

K )4z, Brummer Richard, Andrieux Patrick. 7 B4R
M HTRE RN (), THESTHE]. A%
TR, 2004, 23(20): 3444—3449.

ZHU Huan-chun, Brummer Richard, Andrieux patrick.
numerical methods and application for jointed rock mass,
part 1: Approaches and discussions[J]. Chinese Journal
of Rock Mechanics and Engineering, 2004, 23(20):
3444—3449.

AL, BT, B, 55 SERA CA AR R
MIB VR R 5 B B LN (0], R 274, 2003,
28(1): 41—45.

ZHAO Yang-sheng, HU Yao-qing, ZHAO Bao-hu, et al.
Coupled mathematical model for sol id deformation and
gas seepage of rock matrix2 fractured media and its
applications[J]. Journal of China Coal Society, 2003,
28(1): 41—45.

sRFRS, TUKIL, BAfk ARB A B - I ) 5
PER A BRI S BEARIT]. & 1712, 2009, 30(9):
2837—2842.

ZHANG Chun-hui, YU Yong-jiang, ZHAO Quan-sheng.
Seepage-stress elastoplastic coupling model of het-
erogeneous coal and numerical simulation[J]. Reck and
Soil Mechanics, 2009, 30(9): 2837 —2842.

SRAKR. Ak I2E S TRM). dbst: P EZK K H
HiRR AL, 2005.

T, A Y. ZRBTE VB R 1 05 R A A X B
SrHTI). A ) TTREAAR, 2001, 20(2): 156—159.
ZHENG Shao-he, ZHU Wei-shen. Theoretical analysis on
a coupled seepage and damage model of fractured
rockmass[J]. Chinese Journal of Rock Mechanics and
Engineering, 2001, 20(2): 156—159.

WANG J A, PARK H D. Fluid permeability of
sedimentary rocks in a complete stress-strain process[J].
Engineering Geology, 2002, 63: 291—300.

RUTQVIST J, TSANG C F. Analysis of thermal-
hydrologic-mechanical behavior near an emplacement
drift at Yucca mountain[J]. Journal of Contaminant
Hydrology, 2003, 62/63: 637—652.

EIF, WD, #2Ear. SAREHIAE R iBE R
BHLRUA R 5L [I]. #7127, 2006, 27(10): 1703
—1708.

WANG Huan-ling, XU Wei-ya, YANG Sheng-qi.
Experimental investigation on permeability evolution law
during course of deformation and failure of rock
specimen[J]. Rock and Soil Mechanics, 2006, 27(10):
1703—1708.

DESAI C S, ZAMAN M M. Thin-layer element for
interfaces and joints[J]. International Journal for
Numerical and Analytical Methods in Geomechanics,
1984, 8(1): 19—43.



