Vol. 82 No. 10
Oct. 2008

28 BUOM g % R ACTA GEOLOGICA SINICA

FERESR =4 RBERY
AgH, ik

FRE AR (B L IN R K8, 257061

MERE: REMZ S E 7RSS AR R RS R SR & R 20 R KRB B2 AL R
PRI R AFTE S S TR AR o O T LR B A DU T Rl 0 v 0 il R O A I AR BB B R R T
BRI ST AR - ST 25 L6 301 I B B B S50 8 2 A0 = Al T A O R L LRSS AR TR K A R S O 3 B
(EREADURBERY I 25 1T A8 Y Y e e s PR 22 0 s s ORISR R 51 o J i R D 7K 20 i 58 2 77 O i 0 Bk i 47
TR AR R IR W] A AR SR AR R B B0 L 8 30 T T B R A AT AR MR R ORI 2 HAER T
PR IR BIR o 0F F I TR BB AR R PR A A B IE A S MR B MR AR IR R GE B AR

KB M2 R DRI B s A B o s (e A

R SRAN [ 8 L BG) R BR K i )2 7 D R J3z 5 JEJZ AT I 4 HL 2Rt AR e AR 2 J5 L 4% 1) 3 5 A

RS — B K B e A, 2 SE R A
i PR 25 At B 7 T L B o i LR )2 R T R 2
3 3 HE K R S0 o 5 A B — ELAL T A Y
K. AR BEAR4E (1997) % ML (2001) | J& v BH %
(2003) 3 3o X IR 18 3% <A B TR AIE 19 0T 55 3R
BH 207 7K B 55 e B L I8 B OB AR R B R )
BEEE . 25 055 (2004) 43 M ) 8l FE 25 AR T A o F0 i
I8 850 00 AV VB A T A 1 55 e ) A A TR
S K EE IR B SO B ) B A A s L O
T 3 S B0 ML EL B 5 A ST TR SO AR 1B T Y
ABE R SR SE A (2007) (5K S 45 (2002) % B

J= S 3s B U 7 AT T A N B A X R AE
(2005) FMATBASE (2007) B 5T T 2 PR 4 F M
JEAB TS BB TR R R AR AE AR
(<<1X10 *pm®) AR )2 K 1 (HE J1 R %<0, 8) F
B S AN (<70 %0) B AR AS R 41 CRAR A,
2006) , AR SCFE LA b 3 bty |, H IEAR B B2
RO LA KR Bl 0 B BE (S e ST T B 2
AL YR K P AHFR A I Bl B AL IR R IE 2
e/ T5 % 4 B B A T AT T SR i

1 Beaial

1.1 EXRRiE
I R Hh L R G RN S B AR G AL R R L

}:'TF?T?“«H(*T 100 Yo Bl 7K FT 480 0, AS 55 3 B9
VR 5 BT ) LB A ) M5 e LA S AR Y A]
AV s AR B IR AR L BRSO SRR
1.2 HBERFHKRKRHFE

% 185 2 TR 86 B S Y < K A 32 2y ) #E T
FHANTR J7 ok 1 ik

_kak
u f(VCIJ,—/\”) ‘VQ/ ‘ >)U[
= (D
0,

| V@, | <Ay
Hp.o=p—7vH, [=g,w,

TR 2 AORHE K B TR T R ad B v, B )2 T
TR B it 2 A 7K 32 0 A RN ) R IR B 8
1117 Bl A5 2800 7 B 0, 2R 98 B 7 /) L 3 0B i R
BEAR . B SRATE A RO ) 1 TR 46 R4 SR HT AR
HEAf )2 AL B EE B & % X R X (Schwerer and
Pavone, 1984) .

or=qppe TP (2)
3

b=k, (L (3
I /o (50/0)

w11z Bl 75 FE S 05 e LA BCIR 25 07 R A B 4l i 2
R TR OB B R G P K B R B O R 3l D

7 . [ /liAB;,(V(p A/,g)JerV(ng)}

ﬁ%) (4)

\ Y

o —

)
~

T A SO K B K T A RO R R LR <9737 55 H (45 2002CB211708) FlE 488637+ %135 H (475 2006 AA06Z236) %% I B4R .

W R H 191 :2008-05-07; Bz 171 H 1] : 2008-08-12 ; 37 11 4 4 - JA fit .

YR FER. 55,1963 4Rk . B ZE NSl B W HIE R R AT . %0546 —8393487; Email: tongdengke@163. com,



e o o A6« B0 M2 O = 4 4 B U R B A 1429

% 10 M4
k., k d S
7 . [ lg’(<7@ Lm)]**quz5;<?éw ) (5)
MR MBS R TN
b= Dy Puw (6)
S.+S,=1 7
AR SRR BB 95 4 o 28 7 T
0 o S0 (> . 4 R 5 B
oS K A A O
. =a 27k R (A2 Py Pay — i (e — 7)) ] %)
/ngg<1n’%+s>AV
P 27k ik (A2 Pre™ Pry — Aimo (ro — 7)) ] 9

B, <1n Q+S>AV

Forh S8R 2 A2 v, 5 RURS 22 DL R A )2 1R AR 34 g
[ERCEP
L3 ERFZFPSAMRRY AR

B2 TN S5 1) 2 B AR G A 7 e R O
P S I A IR Fick 55— P HOE A Bl .

v,
dt

TE W KL 22 A T & i AR B B v 7 HICHE A 2R
B AR G2 TN

:*ﬂv,,,fVE(pg)] (10)

o =p. BLT[V,,,—VE@,,,)] (11)
Horpr Ve n] ] Langmuir 5 i W5 B2 34
Vip,
Velp,) = Pt b (12)
1.4 TEM&EH
WG 55 1F
Py ‘ =0 = P03 S ‘ =0 =503V | =0 =V,
NBUEAS U
p# LZL YTV RTR, Pu/(f)
%ﬁﬁﬁﬁ
EEINSF . D, ‘['_L()T’ISZ
dJ
B LR, 22| =0

dn |p

2 R EAR A

TEAS ST A ST S R A H b 22 204 2 X
KM B O RE R AT A BR 22 4 (R T Ut AR
2002) .

t 1 +1 — +1 —
T [ O AT ]

g1k

T N B |:¢)1+1 7@,+| */\/&A~T,—%.J.k]+

+1 +1
SL’ n Sg n

hf‘] , |:<Biu>,-+1_,,k7 (E)mk}_

S S ntl

nt1
Tt g _ [ Ps +
Di*%’-’* [(Bu >;.J.k (Bg ),—1<,,.k}

Tfiﬂ#rl « [P ‘,1» TP lk TARAY g ] T
T {Jl R |:® 7@’“ 1.k 7A”XA3}"17%"’:|+
S n+1 S nt1
nt1 g — [ =8 —
quhgk[<3g>w<hk (Bg)wj]
S nt1 S nt1
[ (G ]
,77,/: By )i By )ii—1
Tt [Py~ B ~AndZigueg 77
TZ,JTJI./:*% [CD”H ik~ P ‘;l/* | T ARAE %]+
’T’I’):.t.kJr% [( B, > ekl ( ) }
S nt1 5
-t ¢ [Pz
T”;.t.k—% [(ﬁ) ok (B ) }+ (AVq Y J’
AV S, n
o SRR
+1 - _ _
T“Hr%j-/« [(D“‘,J:L, \ @ X/M-AI,\%._,.k]
T, L0, O A 1t

41 b1 +1
. _
Tu‘,. +Lk [¢“‘;.J 1.k @ A”‘"Ay“ﬁ?’"]

1 +| !
T;'u’._ 1, [‘P' (I’I

1k 7/1”“'Ay"f’%"‘"]+
1
_ _ . P
o TP T ARAZ e L]
wt 1 B _ ) Lo
T [P~ Py~ AmedZiga— L]
\

Va5 [ (5) L (50), ]

He ,AV=AzAyAz,

Az B[#,

_ AyAD,
o= (20
_ ,AxAzDy,
Toete = (Tay oot

3 >JM1

XA R 220 T R P 1) 25 [ O Bl 200 I RO

LA R[] 2 B 2 A B A B LR SR A
KR J7 A [ ISR TR A AR R (E (3 A
1999) . 227277 B RO R Al IS 73 21 i 2 vk J7
ELVES | SR N N b i e N € RN WA SRS
&G A TE 4 LU 53 9 1IESSH/ME T 5K il

3 SEH ST

IR FE I R T R IER S A T AR R LGN
KRIFHM B R TS PE4 . 3 T b5 15
5.9 M3 S I A] 3 SR e XA



1430 iy

5t

WA o R B v o A R P e 2R i L 22 TG Al 40 31
hlle s D Be s B A VERE R, R R B
A2 A7 . AR 3 e A5 T (S vk o ol T U
T2 S 2 B ARAUTE R 455 00 K 2 3 A 7 o
AR SR B T S0 R ORI T R Sh . R
SR BB TR 5. 95 MPa; 24 BfL B A
0.03; WBRBBEF XY . Z J1i L5451k 0. 340X 10
pm’ 0. 170X 10 % pm®,0. 001 X 10 % pm?” 5 4 2 JRE B
5,31 ms T ELR RN 2.16 X107  m® /ds BEAR T 45
RE Ok 0.012 MPa™!'; Langmuir J& J1 % 4t 2l 3.58
MPa; Langmuir /A& F2 % %08 37. 30 m® /t; W& Fff B 8] A
3.5 ds IR ARy 0.10 my H R 3 s Sy 2 0..35
MPa; 4 H AR 0. 9X10° m’,

IR K A S Sl TR T b R A AR ) R
0. 00 MPa/m.,0.10 MPa/m.0.15 MPa/m #1 0. 20
MPa/m JEATRETTEE L 18 1 FIE 2 20 5l izt i 2
A2 77 10000 d I 3l Hs g 6 BE R0 H 7 A0 R AR
PR R WK AT LUE LR s
B EEAE R H P S M BB R AL ez H ™
SEMBERIEBE. WAMS SR EB K, I
A TA] e e, L 32K 1) 7 e WA 2 ) I ) ARG . A [
1,24 )5 3 5 3B BE Bl 0. 20 MPa/m I, K2y 4F R
2500 d J5 T IR 7, P AR I R A TE 4500 d A 5k
EININENEC Tiss NN 1 N o9 = 2 DA SR v 5 i DR
OL. XL AT LU REIZOE A 2002 4E 6 AT R4
AT BRAS B R AN H =S LA E .

by 3t — 5 U B Bl s ) 0 B S AT SR 5
Wi &3 3 45 T R Bl R ) AR BE A 43 i R 0. 00
MPa/m.0. 10 MPa/m #1 0. 20 MPa/m I} = jik HF %
3000 d B JB ok 1 s s O 1 Al RS EU b S R s TS
[F) Je 2l s e (BT 1) I e s8R ) i B e 2
it )22 25 [ S M) i TR ASCR R 52 ) . 3 3 R T B 1Y

1 2008 4
1207 ——\,—0.00MPa/m
——)\,=0.10MPa/m
5100 ——)\’=0.15MPa/m
o ——)\,=0.20MPa/m
g 80+
m‘m’ .
I 60
N
m 40- P
201 M
0 2000 4000 6000 8000 10000
i E)(d)

B 1 KREEZHEDBETHHE ™S E
Fig. 1 Gas production rate at various
starting pressure gradients
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Fig. 2 Cumulative gas production at various

starting pressure gradients
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Fig. 3

Pressure drop funnels at various starting pressure gradients
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Fully Implicit Numerical Simulation of Tight Coalbed Methane Reservoir

TONG Dengke, ZHANG Xianmin
China University of Petroleum, Dongying,Shandong, 257061

Abtract

Disadvantages of coal seams in China are of low permeability, low reservoir pressure and low gas
saturation, and many researches show that the gas flowing in low permeability media needs a starting
pressure gradient. Based on previous researches, a three-dimensional, two phases coupled flow
mathematical model was presented to describe the characteristic of fluid flow in tight coalbed methane
reservoir. Besides, the fully implicit numerical model was given by the finite difference method and linear
equations were solved by Orthomin method. Finally, the simulation was conducted by the well-test data of
some production wells in Qinshui Basin. The results indicate that the existence of starting pressure
gradient makes the depressurization effect worse and delays the coming of the gas production peak under
the other conditions. Compared with the production data of this well, the simulation result is reasonable

and the model could represent the characteristic of fluids flow in tight coalbed methane reservoirs.

Key words: coalbed methane; starting pressure gradient; fully implicit; numerical simulation





