http://gks.cqu.edu.cn

% 34 K F 4 T RKEFFR Vol. 34 No. 4
2011 % 4 A Journal of Chongqing University Apr. 2011

XEHE.1000-582X(2011)04-024-06

A2 . — ot )2 BL 207 ik
X B AL 33 Il b BB L

EEBW e, T REL AR, AR
(1. TRXF A AXEBAERMHRBRZAFT RS IRLET;
b. B K RFLBRREREXH IELXFTHRELER T, F R 400044,
2. ERIAH FARARK, LR 400042 3. FEF L KF F Ak TSR, LR KM 221116)

o B A ARERM R SEAE P, B 5 4L R e iR A I H 7 A2
Falk BEE B G R FAREASEILM RN s B AR5, S 4 3L R L AT5 76 B A48
SRFRA, ABFET AR ERE — IR EAE LR AR A TR E46), K T AR K362 KR
AAFAE R A EF R KA TAREEL IR ESILR BMERME A M E RIS EFE,
WERM S RREFWEETHBG AL, LT AMEE— T E 4L K B8 A ¥k ¥
1B AT A AR B — B B A R AR L e A AR TIRYE ., PR R AW, et s AN &
B B LR R M AR F R A 4 m A& LKA LR R R 2] 20069 LT LR Y
THILIRET 0N AL . FHRIE RS,

KER: K7 IR RN WHEBARD

FESES:TD712 XHERARERD A

Numerical simulation of seepage field of gas extraction
drilling of single bedding of mining-coal bed

JIANG Jiji'** , WANG Hongtu'*"* , WANG Zai-qing® , HU Guo-zhong'"** , YUAN Zhi-gang'*""
(1. a. State and Local Joint Engineering laboratory of Methane Drainage in Complex Coal Gas Seam;
b. Key Laboratory for Exploitation of China Southwestern Resources & Environmental Disaster
Control Engineering, Ministry of Education, Chongqing University, Chongqing 400044, P. R. China;
2. Chongqing Institute of Geology and Mineral Resources, Chongqing 400042,P. R. China;

3. School of Mines,China University of Mining and Technology,Xuzhou 221116, Jiangsu,P. R. China)

Abstract: Aiming at the problem of reasonable decorate of coal gas extraction drilling, combining with the
initial and boundary condition of borehole extraction, the solid and gas coupling mathematical model of gas
seepage of borehole extraction is deduced based on established control equations of seepage field and de-
formation field. Taking gas extraction of stone coal slit as an example, according to the characteristics of
coal seam in the research, the numerical simulation method is used to obtain the distribution rule of gas
pressure, coalbed gas permeability, and coalbed gas seepage velocity as well as seam deformation. The ef-

fective radius of gas extraction drilling of single bedding about mining-coal bed is determined, which pro-
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vides the basis for optimum arrangement of gas extraction drilling of single bedding. The results show that

the effective radius of stone coal is about 4 m. If the prolonging drilling drainage time is less than 20% , the

drilling quantities would reduce by about 50%.

Key words: mining engineering; gas extraction; seepage field

B B TR TR B A 38 L= 1 B30T 35 8 L B
307 3 O AR T R A S B 3 R Y FE
PhAs RS PR R O R RUBEJZ U U A
Oy & H AR JZ 114 i ] A DX I A it A R 2 A E )
ZHIRIH . TR E R (AR B B T Y &
PRI A%, JuH 2V g b DX TC R 97 J2 7T SR i B — S22
H N B AL AR A8 By 36 B 5 Y T R i
DR A 5 AR 52 B0 30 ik SR Aol L B IR0 B AT 85 i L
& BROC A A B Ll R AL L X T A AT )2
FCHr AU O T DX 38 17 2 4 i A S e ROR R

FLIr AR Ao A BT )9 AR AR T A AR AR
WL R — DTS WA R A TE 2 6] A0 H A A
MR Ak ad B o SCHRL -3 176 BU 9 il il 5% Oy 1w kAT T
AR B AT 5T . A SCRA A B T 5K
191 3 57 25 PEHE 2 BT T W R AR R L T B -
5 1 5 M 2 T 5 AR LS B0 30 il R B L 2 IR
Yoo A B S S BT R B AL 9 & B A A B R A
HE A

1 B3R X 1Y 5 = T B I 77 4 4EE

AV BT J B LT R BT AR YOI 5 XA
6 & M S1632 AR 2% TAF 1f JF >R Z Al » 5 2
AT HEJZ FCHT R s U R ORGE 1) IR 918 m, B
147 m., P HHE TR 385 m. FHIBERE 0. 84 m. JFU B
SRR 12,32 m' /G LR ) 2. 41 MPa, 42 1%
W PER B S 0 0. 56, BB PER S 1. 51110 7
RET . Eh R 0T B 95 0 S M L 0B 1
k= 3.035X 10 e 0@ (D
X0 BRI IR R /) Pa.

2 HHIHREHERABFRE

2.1 $HAHREHHBRIGERNAE
2.1.1 ALt REMeGEHF R

Bl fLAIR SRR S A )22 B0 307 e O A 2R B 1) Sp
23 (A s BEAAF & Darcy 2 i AL 5 [/ I, 452 B0 3
P R A B AL B 1) 0 24 B O B A A Fick 37 EOE
PRI il L Al R 55 1 8 )2 B0 B 19 3z 3 O R AT
Darcy J5 # Fl Fick Jr R,

2.1.2 4@ ARMWELERTAE

o T 2 LA T i SR8 AT 5 T i 7 JE AR
FHTC 5 /NG 53 BT U5 AT 4 S 1 A AL SR S5 10 T S 14
PR 1 FC 3T I8 % ety A ot

div(@) +%¢ = Q.. (2)

A, Q, b Hu A AR B B O M A 9 B I B M &
Q. =p.q, - kg/m" ;Q, Ay FLALARF S BC I B A4 P B A7
B (] p 95 B ™ A B ) B T T A . kg / (m e
$)3dC/t Jy M JE U IR ) B f 9 i . kg/ (m® « s);C
g B AR B U R A P B B B £ L kg /m
2.1.3 AL RRMGRE T A2
2 FC B A VR BEAR IR B AL AR A5 14 F K
2 A s B A O A IR R W EDR S TR R
oe =B p. (3)
Ao, g M LI 45 R kg/ (m® » Pa),
2.1.4 HILMERNATHE
— BT S )2 BT i A R B & i C
AR B BLIT & i Cu o B R R B0 0T B A4 o )
EliEa Ch
C:Cﬁ%;:ﬂ%%+%¥%ﬂ—A—Bh
(4)
K Cp Co A3 00 by B A A BRI R g O 8 B BT % it
F B BC 0T & i kg/m’ 5 p, RS0 WA
B 5o N E TR S B LR s o0 S o7 2K 4E
FF BP0 05 FLBR 3 5o A7 BU T R AR 1) A4 BRI A%
by Ay T B FR W B S m® kg s 6, A RS Langmuir
JEJ1 S8, Pas A AR T B IK 435 B o B
KT
2.1.5  4B3LAwRK K64 % A A2
PEEGFLIH SR A5 0 T 0 )2 BT 932 B Oy R i 22
PR RS TR BT S AR ARG A
=0 (1= A—B) 5 0 457

V(B v )t g Bl 4 U8

20,b'p _ bib'p’ ] Ip . Pap’ de (5
p+b, (p+b)*] ot p, dt
A E & AR i R BB BE L Pas e O Bi-
ot FRN ) FEL
25 B % AR Z AL R 2 A5 A4 IR = B

8




http://gks.cqu.edu.cn

26 T RRFFHR % 34 A
S B A A FUAEIZE BOIT B 3% S5 A 36 ) £ FEL L .
AL A (T B TR IB RN ERNNERENEE
2.2 SRR RRE T T

BB B T %6 R T N B e *
M BT HRRE S TG WM A R S 8 ot
AN TR 3 5P 0 R IR Terzaghi A0 Jom o e o™ pomem— i n T 3
IR A LA U1 T 7
2.3 HAMREHSROEASBESE . :

i 3 H B AL AR BT Y 3B WAy R AR IR 3 1Y
Pl 77 e L A5 B Z B LAk HE FC AT A 30 A4 [ 3
?&%ﬁ%ﬁﬁﬁ,ﬂﬂ

_ Zgp |
V( [p, Ep, +
2/}1 [)p b b p? ] ap Bap® de.,

prb, (p+orla ar’

o 0+€V 71 %o

o 14e 1+e’

s - (6)

b=

¢
Be(S,parn)?

(6.)j +ad;p +F, =0,

g5 = %(uw +u;) s

oy = Ayev T 2Gey; .
Ko, M AT, (G, j=1, 2, 3);4 N Lame ¥
G BT YR 5 5, N Kronecker 555 5¢, N W AR
K5 (o) & FCHTIE A A 00 ik 6Ty R
VWAL S PN RN AR

3 AEER—IRERSTHmRSTALME
mBTESHHHE

3.1 B RERHHREFLIERMET
1) JU Ay 4y A5 Y

X 2 A L ROV 52 A 1) Ll L) 1 kg P T
PR, AR YR B 5T A 12 R A AR TR
FEAR A b R 7R 2 F0 BT Bl FL A HE B SR
SET H LAy BEASE R A 1

DRI SR

AT GFFE % G 0 6 2 B2 M H TR ARy
SRR ES BN B ARY S B R 1 R,

WG Bt A5
S Z I — W gE 3k Vo, ) iR Rl B A
A
O 2 FC T30 R 23 A 38 1 ) 4 2% 14
PO =0 = poo )

s po 9 IRETZE AR FUI A9 BUAT e S W HR 1
@ FL b 2R 23 Hr S8R A s AR e 3 R AR A
F T334 B¢

2 2 2 £ 8 £ 2 £ 8 2

B 1 52— = 5 7L HE B BB LAY JL TR B

P(x,y,t) :?(.T,y,t),té [0,00], (8)
iR UR
%gradP :a(l‘,y,t),te [0,00], 9
iﬁﬁF9F(1'ey,t),@<1‘»yet)§3‘%ﬂﬁ’z€%ﬂE‘Jlijj%ﬂfﬁ
=GN
DT
2B AL FUIT R P B A AR B R — 2 )
B R0 E B R B4 5 A2 4, SR S T 4 R A Ok
AT HE K i

®1 BEEWBENZHNESH
itk e A0 S E/GPa Tt e AR R HE v
29.43 0.371
WHCE AT o/ (kg » m?) JRACH A1 SERLRE E/GPa
2.375X10° 29.43
JEAR E AT EE v JRAR A1 L oo/ (kg = m™)
0.371 2.375X10°
B SRR i E/GPa PER TR EE v
0. 64 0.295
MR o/ (kg + m *) BZ W IR FLBR R ¢
1.5610° 0.015
e R B# 2 01/ (m? « kg™ ) W B 4 %K 02/ Pa
32.52X10°° 6.25X10°
BRI Sy A/ %6 AR Ky B/ %
39.95 1.40
FUIT A 45 R 7

FI I 0./ (kg » ™) :
). 0 g ﬁ/(kg'P371 .m*.%)

1. 29 0.998 210 °
LT B I BEEE 0,/ (Pa e o) W WAK D,/ (m* « s D)
1.09X10 ¢ 5.59X 10 12




http://gks.cqu.edu.cn

48

EREF AR IR R R AR AR 3L 6 5 g B A M 27

3.2 B—ShAlABEHENNS HAME

PAAR FUAT s (] 6 S A il 6 s o 0. 01~
0.1 MPa. L B 2R HEWCHY 31 5 2 F 0. 1 MPa,
Wl 2 D L A AR HERRCR G701 Al B30T e B AL A FERE =
0 BLI PR g A A . el BT 2 W] BELRG FL PG B B
P HIE o FUYT H T I 1 e BN . R ol T A AL
Jil 6L Jay A T2 A5 B 4 s BEJR LT R D R R Cie
I SR HE A 2 B F il HE U I T TR )
e — B AN TR A U B A Ao A Al LD TR
HREJZ 1A BL I T 3 T e e 2 s R T AR R A DL
AR TR AL B AR HE RT3 B SR Al AL B T
AR T B R 2R LA B 5 om N B2
T FC 3 s 3 I 1) R JRE 4 O

2.5x%x 106|—
2.0x10%+

1.5x10°

4 1.0x10°}

i ES1/Pa

5.0x10 -

0.0x10%+

-5.0x10°

0 10 20 30 20 50 60
LI i B A B B /m
B2 sB—$hr7lmHAtRSTNEHEAS K (=6 B)

Pl 3 S Bl LAt ke B 357 i AR 2 B 37 PR T R
FER p/po (=6 A A3 AT . by AT, MR AL
OO B AL DY T 1) ) U ) B R B RO I
SR TR T 2. AERS AL PG R 3 m
i P B2 B3 T 0 T I i B 5 T 60 06 . il L 672

e b 8 U AT A 52 0 3 D L LE B AR HERR A 1 DR R
3.3 BShFlABEKRESEXRNS HAME

R FLIHE LT IR RZ B B R A A2 e
— 7 AT A2 H T B30T Al A R A A WAL A T 3
4+ 73— J77 T8 DUt oy B0 407 1 7 9 o R .
PR 220 — € i 18] 9 b HE R S AR B Uk AR R B i 1k
P PN

A& 4 B 5 Al JCig et B AR HE L i 1 1 HE
T H A L B — 2 3 B A A R0 ol T 480 A o
"EBERGE RS AR 6 N HJE LB BRI
KT 2 A8 R 0 fl i e e B AR SRS | =
BB R IE K.

120 1
100 | A - FR T
80
60
40 |

20 r

LR I RRER 1%

10 20 30 40 50 60
BT 3 (B B/
B3 kLM AT U E S TR (=6 A)

5.60 -
40r A o HAHE
5.20 / \ —— SRR

ol
=]
S
T
—

BEE/(1077 m?)
S S
g 3

SR
»
S
E\

»
&)
=

10 20 30 40 50 60
FLIT BN ) BE B /m

B4 B-HhFlHHRANERSEEESM (=6 A)

1.80
L75¢ /@)
170} / \s

1.65F
fé* 1.60 -
.}g.}. 155}
gﬁg\ 1.50

145}

—o- FARHEK
—&— SR

0 10 20 30 40 50 60
FLIT WL (R S /m
BS B—$flMHREERTNE(=6A)

3. B AREREENSHNE

P 6 Sy B — 2 B ALt HE 6 A H B LI IS B AL
Joi) B 22 B SUT 98 U o B % A A &1 . el BT AT B AL
FlHE FCINT IS o AL LB 2 45 20 0 e DR L Y 1
Bl Jr I OB E BT 1 R R B E R K



http://gks.cqu.edu.cn

28 TR K FFER

30 %

TE FUIT s 0 06 B2 AR TR B2 b 19 B0 3738 T it S
L2 ) A 1 AL 5 5 30l £L B S0 I g e JE
R RETZ HP Y TU I 98 WAL 3 P BR 5 by T 07 s A I f Al
FL ) B2 A 1 B 38 s T A B A T ) — AL B A
SRHRICEE I (8 5 070 s A1l A IR )2 v 14 B 38 9 9L
JEE HE AR HE O, B o LR G L 6T il i R
JZ LT B2 T B AR R D0 Y 4 K R R
R

2.0x 101

A —— AR HERK
i —— S0 A
1.5x10%[ ;’X \
% \
&
~ -4
= 1.0x 10
b
a
> 50x 105}
0.0% : ‘ : : :
0 10 20 30 40 50 60

LTS B A BE B /m

B6 B—IiZEhflmHmiimEE
EHiEREESM(1=6 R)

3.5 B—ShlARREERNSHAE

W2 U ST i ) — E 2 i SR MR OB Uk
T — A~ B D g R A T WA T . AR R
8 BEE BT 39T AT JS 20 A 4 000 A 5 2R 3 ] A A T
BF ECHUT AT P 2 20 T RIBE D 1. 03 nms 0% B FC 44 s
Oy TR EME L 1. 14 nms HECELHTE 9 1. 04 nm,
X UL TR B B ST 5 R AR I Ik AR T L i HE R
Wt Ja W e AR AR AL TE

P 7 Oy B — I Al FL LAl AR 6 4> 7 %k L A
BEZ PR AT 1] o fh AT 98 e B 1 il RO

“L1x102 ¢
1ix102

-1.1x102

-1.1x102 |
-~
-1.1x102 ¢ . ARRHE
TSR
-1.1x 107 ‘ : : - -
0 10 20 30 40 50 60

LTSI A BE B /m

7 B HMHER TR RGRE TR (=6 A)

Wr o i B AR HETACPU AT  FL R L] L A B2 o 2
WA 22 TE IR L R O AR A AL DY A i R )2 A i
2 28 TV R A DA 5 B T A I B I )2 R A v i A AR T
LR IR — 07 B 1 B AR HE R B A 2l X 5 DL A R
8% B U 407 RiT S 1 [ B A 00 S 45 2R — B
4 B IREHTLMR LALLM

X

8 3z 3 A A BT B I A AL AR HE TR
RECHT 6 F U5 A kLR B R Y BL B R O R B
F AR ANBEIZ LT 5 il T BE 45 2 33000 o A LR ml )
A 5 LR L G R BU T A RO AR 4 m
Tk

BRI I A SR SR A 0 B L
Aii BN 3 m fi /1N o JE AL TR B D LB 4 ~5 m, AR
B FIREAHOR S 8O AF T Y5 15 56 A R AICR R
U s PRG35 AR WF 58 A6 SE IS L Bl 80 ) AS F
207, WG DL R D 1 B L TR WL 507 Za A il R
BOR LA BEAE] T Rk b, 74y T TR,

5 &

D AESEZ 0t T4 fL S - B L A R 3 8 2 45 31
TV 2 B0 T B s JCIR R AR R GE 2 U
o, LR T T B R SO — . X T
£L 11 SR HE R BU I B L 97 il SR BU 30T 2 45 B AL A
Bl — & 1 A AR SO B AL AL A L 5 o JE LA Y
HHE % S0 T BT T ) T o ) R R R

2) Bt 2= o L il R RO 30 B AT R L L
— SV H A AR - e T AR A B i R AT
PIgE L TEHE 6 D H R HBE R K TIE 2 4
e B o 67 P Al 22 L F AR HE RS D S JZ 8 3 R K
4 B2 K

3 TE B AL A HE BT i o B — U Bl LA LR Z
Ao S A s o DA L I o A Al L R T HAREJZ B M
FJ3 R R B d AR K e B I B BE AT
HREJE R LT 8 T T B 2 A TR R 1 ML 5 B A
FLH L T S BEJZ H 1 BU T 5 T R A 5 97T Al
AP FP 1) B 30798 O B B SR HE T I 2O, HLB
FEBEAL 0 T3 1w+ ST il IR R R T B 3
JEE LU SR HE O D0 A4 3 I i R B

A0 BEJZ FU I At 1 ) — 5 e JRE I A A 4
HONTER I PE R e ST L & | A sy (P e A 11 @
Wy 30 B ARHETSCEC ST At L L ) TR A e A
Wi AL o e rp DARS L rb O AR Al L P R 5 e L R Z
F83 ST 45 A T 328 7 DAV 5 97 s ol ke Pk 2 A A 1 e



http://gks.cqu.edu.cn

48

EREF AR IR R R AR AR 3L 6 5 g B A M 29

AT BT [A] — 7 B E IR HE R i 28 x5 LT
FIR3 RAE W% RF B S8 i J 0 [ B ) 000 7 4 2R — 2 .

5) 38 1 ABIF 5 » 75 JE K Bl L A i i )RS B 20 %6
R O0 T 98 TR AL D AR 5000 2 7 . il SR AR
RAF BEACEN T Rk bn 95 2 T TR

S X

[ 1] 8k, 580, £k B2 8 W5 82T /i #

AR BRI A0 S TR R,
1996,15(2) :135-142.
LIANG Bing, ZHANG Meng-tao, WANG Yongqia.
Mathematical model and numerical method for coupled
gas flow in coal seams and coal deformation[ J]. Chi-
neseJournal of Rock Mechanics and Engineering, 1996,
15(2) :135-142.

[ 2] VALLIAPPAN S,ZHANG W H. Numerical modelling
of methane gas migration in dry coal seams[J]. Interna-
tional Journal for Numerical and AnalyticalMethods In
Geomeehanics,1996,20:571-593.

[3]ZHAO Y S,HU Y Q.ZHAO B H,el al. Nonlinear cou-
pled mathematical model for solid deformation and gas
seepage in fractured media [J]. Transport in Porous
Media,2004,55:119-136.

[4]HUG Z,WANG H T,FAN X G,et al. Mathematical
model of coalbed gas flow with Klinkenberg effects in
multi-physical fields and its analytic solution [ J].
Transport in Porous Media, 2009, 76(3): 407-420.

[ 5] HU GUO-ZHONG, WANG HONG-TU, TAN HATL-
XIA,et al. Gas seepage equation of deep mined coal
seams and its application [ J]. Journal of China Univer-
sity of Mining and Technology.2008,18(4) :483-487.

L6 ]8RS, ERELEHENSF. IO R b R4 2 A

MY ECT R AR GE LT ], Al R 24 2 4, 2008, 37(3)
328-332.
HU GUO-ZHONG, WANG HONG-TU, FAN XIAO-
GANG, et al. Gas pressure investigation on protection
region of up-protective layer of pitching oblique mining
[J]. Journal of China University of Mining and Tech-
nology,2008,37(3) :328-332.

[ 7] HARPALANI S, CHEN G L. Influence of gas produc-
tion induced volumetric strain on permeability of
coal [J]. Geotechnical and Geological Engineering,
1997,15(4) :303-325.

L8 EEMS, 3 — 1l 24 55, [ WAl 4 1F T 32 AU

MBS B wEgE L1, o Ak K A4 2 i, 2006,
35(2):274-278.

TANG JU-PENG, PAN YI-SHAN, LI CHENG-QUAN,
et al. Experimental study of desorption and seepage of
coalbed methane under solid-fluid coupling[ J]. Journal
of China University of Mining and Technology, 2006,
35(2):274-278.

Lo ERM. 2 m. o - & AL o ir ],

A E A R 2E2E 4, 2001,30(4) £ 362-265.
CAO SHU-GANG,XIAN XUE-FU. Research on solid-
gas coupling model of coal and rock[J]. Journal of Chi-
na University of Mining and Technology,2001,30(4)
362-265.

[10] KLINKENBERG L J. The permeability of porous
media to liquids and gases[ C]// Drill Production Prac-
tices. New York:American Petroleum Institute, 1941.
200-213.

C11] SA R, E AL JEREN L 55, K53 58 0 BB il

MAEM L] &A% 5 TR, 2009,28(12):
2527-2534.
HU GUO-ZHONG, WANG HONG-TU, FAN XIAI-
GANG, et al. Investigation on the law of methane gas
flow in coal with coal-gas burst hazard and low permea-
bility[ J]. Chinese Journal of Rock Mechanics and Engi-
neering,2009,28(12) :2527-2534.

[12] 584, 2 A8, U BERSA b s A8 2 b 1 5 8 s
AERPFFEL) ] ARSI & . 1997,24(3) :61-65.
RAN QI-QUAB, LI SHI-LUN. Study on dynamic mod-
el of reservoir parameters in the coupling simulation of
multiphase flow and reservoir deformation [ J J.

Petroleum Exploration and Development, 1997,24 (3)

61-65.
[13] At AAr R, WEEMRE SR #Ee[M]. L.
TR Tl iR AL . 1990,

[14] SAGHAFI A,FAIZ M,ROBERTS D. CO, storage and
gas diffusivity properties of coals from Sydney Basin,
Australia[ J]. International Journal of Coal Geology,
2007,70:240-254.

[15] ZHOU Y, RAJAPAKSE R K N D, GRAHAM J. A
coupled thermo-poroelastic model wit hermo-osmosis
and thermal-filtration [J]. International Journal of Sol-

ids and Structures,1998,35(34) :4659-4683.

(€ F- S WD)



