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Application
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Abstract Considering the effects of both steady and unsteady desorption of Coal Bed Methane (CBM), two kinds of dual —porosity
unsteady seepage models are developed, including pseudo—steady cross—flow model and dual-porosity unsteady cross—flow model. The
two models are solved by finite volume method and their characteristic curves are analyzed by considering different geological
parameters. The calculation results show that both steady desorption and unsteady desorption of CBM delay the propagation of pressure
wave; the increase of CBM desorption coefficients makes the pressure draw down slowly in the coalbed, it manifests the increase of
boundary distance in pressure and pressure derivative curve. For different coalbeds, when either the cross—flow flow coefficient or the
fracture storage coefficient is oversize, the dual-porosity media characters in theoretical curves will be covered up. The fact is consistent
with the field test data which are difficult to appear the dual-porosity media characters. Therefore the root of the problem is discovered
based on the research, while the field test data is hard to show the dual—porosity media characters.

Keywords CBM; dual—porosity; seepage; desorption; finite volume method

: 2012-03-28; :2012-07-23
(20112X05038-003 )
., , : caiq@th.btbu.edu.cn; ( ), , N

s :lywu@imech.ac.cn

17



fd\ (Articles) 2012,30(24)
b= . S
o , (2)
b o ’ (3) 9 b
o (4) ;
Barenblatt ™ (5)
,Warren ¥ . , 4
o Odeh® (6) , ;
. Kazemi ™ (7) ,
o de Swaan®
, 2
N Serra 1 Streltsova” Lai  ® Thomas 21
Bl Chen " Pruess " Coats"” Ueda ™™ N
, , (1) / °
o Aguilera!™
Fpo 1 dpo -
 Aifantis™ ’ IR +Rn E +otptaan (po—pan)
’ ° szs %T@—/\G_B(Pmn—[’m) (1)
, sl 20) D€ D
70 s | )
—®  Opwp 28 _ — 2
;80 Ce™ dT, +Ae™> (Pup—pm)=0 (2)
[17]
° (2) / .
’ Fpp , 1 o ooy Ae® dpuy _
( IR} +RD R, +011[)+a2D(P1D pLD) SRy R,
! : I Cz;zs Z;S[DJ A (purpn) (3)
. ’RD ;Rm
32Pm1) 2 5Pmn — 15(1-w) 3Pmu (4)
azRu) Ry dRyp Cl}ezg Ty
IPw _ _
Ry |ru =0,puwn|r,-1=Pwo
Pﬂ)(TD:O):PnD(TD:O):O (5)
Ipm_ = 14+.9Pw
OR, |r,=1 I+ aTy (6)
wW T
EH1 ZERER H2 BEHERR pr‘R“ﬂoc:me R“ﬂw:() (7
Fig. 1 Real model Fig. 2 Ideal model
plD‘R,,er“:me Rl,:R‘,,:O (8)
1
%o R—RZamD ‘R—R =0 9)
(1 , IRy TR,y e

Yy 18



2012,30(24) (Articles) #A
S

3.6kt
T=t0 oy ty= ;C _
e, T euCrt j@+@+aln +a2D(Pn—&)dV=JLng(Z)ﬁDdV
o 0x dy A A o Coe
o 1.592C , R.=R. .,
s D gDhCﬂ'w s LleD s LleDr Tee sl we (15>
T, —rve’s-p P —4LM -p) . 4 ’AAi p
s Fwe=lw s/D s PD— 3 ’
1.1842x107quB DasDePud A.P.ab )
P 5P Hean
a][):% s M AA
1.842X10_3q/.LB neAig (ﬁ/r”_ﬁ'g”)_engeeﬂA i (ﬁé1+l_ﬁz+1)]+
khas A \ ak g 15 all perface & AN
— 9 — Yw'vm 1o
, Oop= = H S N= Wy 0= W B
1.842x107guB he K s ' || ave| oy,
- @uCn .B 33,
el ), i (16)
,m/MPa;C, ,m/MPa;h
,m;k s’ kg s’k o
’P«m23p ,MPa;p;
,MPa;p, ,MPa;q ,mY/d;r ,m;r,
,m;R ,m;Re )
m;S H2 ,h; f ,m HJ %
o ,mPa-s, ’ ‘% A
2.2 Laplace “"h X ?ﬁh’
' P AVav, XA
Laplace o VAYAVA p:'é"'
WAV K\
o , NS avaT
R T e (oL )= o (e (10)
,Z  Laplace . H3 EWMMEET
(1) ( / ) . Fig. 3 Discrete grid
_w(1-0)Z/Cre”+re™ =
f(2)= (1-0) ZIC S+ e™ (an i
(2) ( / )o
- N A
1 Ae™ P n
SO S e \ ~
15(1-w) Z/Cpe® 15(1-w)ZICpe®
(\/ ( )(:2?3 2 coth ( )?;27‘9 & \
12
(12) hY
a
_ 4 HIR 3 TC
o | L (13) B4 AMERIAMT
dRy |r=1 7 Fig. 4 Computational cell of FVM
I (14) 3
2.3 3.1
o (1) o
o w 9
’ 3 o 4 ) w ( )3
o P A y e, ab CDezg=1 s ap=0, =0,
, e;: PA n e, .0 A=0.0001, 5 . ,
n e CEm ) ®=08.0.1 001,
5 bl 9

19



ﬂ»& (Articles) 2012,30(24)
-
° ) 0=0.8.0.1
A w=0.8 0.01,
— w=0.1 ‘."'.l
10F  + @=001 el
o e IOl / 1 + w=0.8
as 2 Y — w=0.1 I»,
i i : -~ WF L w=001 {
- '.“-\\/r" ’
ln.-] “ ra e 101 .
et & qo0 J“
102 R ettt
105100 10° 100 108 100 100 100 10° 107 -
1,/C, 10
-1
B S e 3R S TURT 88 % 0 R Yo 100 10 10 16 10 100 100 10F 100 100 100

Fig. 5 Effects of storage coefficient on double

logarithmic curves
. w>0.8
(2) o
A, ’
A N CDBZS=1,
a=0, =0, w=0.05, 6
o ) A=1.107,
10° 107,
10 i
— i=10"* i
ok * =100 _ Wy
- 1=10* MM : "7
&8° 10° -""/ -" ¥y
x ~ T
al B il S u‘,r""
ll]"/

10
102 107" 100 100 100 10° 10* 10° 10° 10" 10* 10°

/G,

B 6 B o T & £k oY 0
Fig. 6 Effects of interporosity flow coefficient on

double logarithmic curves
6 ’ ’ « »
- A>1
A 0o ,

3.2

(1) o

w )

w , C[)e?S:l ,

am=0 , 0[2[)=0 , A =000001 , 7

1/Co

B 7 i AE R R XX £k Y R R
Fig. 7 Effects of storage coefficient on double
logarithmic curves

7 ’ ’
o w>0.8 ,
(2) o
A ’
A , Cpe®=1,
Olm=0 N a21)=0 , a)=005 , 8
o , A=1.107,
10° 107,
ol I
L —a=10"
10¢ =10 ; * 1 ; EF
i - A=10" I B’
a0 ; i B
& e nst RERSHE
X ' BB
10° 3
107"
1021
102 107 10° 100 10° 10° 10° 10° 10° 107 10° 10°
t,/C,

B8 B 7 Mt X £t £ 0t R
Fig. 8 Effects of interporosity flow coefficient on
double logarithmic curves

o A>1

3.3

© 1988 | 2Q hina Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2012,30(24) (Articles) ﬁﬂ\
sm
R , w=0.05 , o p= 5 5 CDEZSZIO ) alD:() ’
0,050=0,A=10° 2 s 9 o pa=0, Ap=0, w=0.05,
9 s A=10", op 0.-1.5x107 ,-5x10~
9 9 : 11 o
10°—a—p
10° — a2, =1x10*
© RE ol +%-15x10¢ 3
1) b TRE / . i /
/ Ry . -’
210° : A
&l . / / & F..-o-—""ﬁ’ "
£ 10 I-/ + -
a ,— j/
] . 7 ’04 i
107! A i
Ny
v ]0—!
10 100 10° 100 10° 10 10* 10* 10¢ 107
0°? : 1,/C,
1% 10 10° 10 108 10° 10 10° 10 107 10° 10°
/Co B 11 RERRER R RSO 10 i £ 0 B
M9 2FMAFENEFLMMRAOE IR th & Fig. 11 Effects of unsteady desorption coefficient
Flg 9 Theoretical curves for two different on double |°garm]mic curves
kinds of dual porosity models
11 ,
3.4
o 0 9
(1) o
alD b b
, , Coe®=10, =0, ’
pa=0, Am=0, 0=0.05, ' ’
=104, ap 0.-1x10° ~1.5x10 ’
, 10 o
4
10— (1) ,
—a,=-1x10* ,
1otk @p=-1.5%10*
& : °
Q_': 10° .‘.‘ i (2) ,
10+ -"/ :
(3) , ,
Vs 00 100 10 16 _10 100 10 106 107 ’ « . )
1,/Cs 4) ,
B 10 FERERR R H R i & Rm ’ ’
Fig. 10 Effects of steady desorption coefficient on o )
double logarithmic curves , )
10 ’ 5 . :
o O 9
) ) ° (References)
(2) o

Qop

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

[1] Barenblatt G 1, Zheltov I P, Kochina I N. Basic concepts in the theory of
homogeneous liquids in fissured rocks|J]. Journal of Applied Mathematics

http://www.cnki.net 21



(Articles) 2012,30(24)

Y

and Mechanics, 1960, 24(5): 1286-1303.

[2] Warren J E, Root P J. The behaviour of naturally fractured reservoirs|J].
Society of Petroleum Engineers Journal, 1963, 3(3): 245-255.

[3] Odeh A S. Unsteady—state behavior of naturally fractured reservoirs[J].
Society of Petroleum Engineers Journal, 1965, 5(1): 60-66.

[4] Kazemi H, Seth M S, Thomas G W. The interpretation of interference
tests in naturally fractured reservoirs with uniform fracture distribution[J].
Society of Petroleum Engineers Journal, 1969, 9(4): 463-472.

[5] de Swaan A O. Analytical solution for determining naturally fractured
reservoir properties by well testing [J]|. Society of Petroleum Engineers
Journal, 1976, 16(3): 117-122.

[6] Serra K, Reynolds A C, Raghavan R. New pressure transient analysis
methods for naturally fractured reservoirs [J|. Society of Petroleum
Engineers Journal, 1983, 35(12): 2271-2283.

[7] Streltsova T D. Well pressure behavior of a naturally fractured reservoir
[J]. Society of Petroleum Engineers Journal, 1983, 23(5): 769-780.

[8] Lai C H, Bodvarsson G S, Tsang C F, et al. A new model for well test
data analysis for naturally fractured reservoirs, SPE 11688 [C]/SPE
California Regional Meeting. Washington DC: SPE, 1983: 23-25.

[9] Tomas L K, Dixon T N, Pierson R G. Fractured reservoir simulation[]].
Society of Petroleum Engineers Journal, 1983, 23(1): 42-55.

[10] Chen C C, Serra K, Reynolds A C, et al. Pressure transient analysis

methods for bounded naturally fractured reservoirs [J]. Society of

4

2012 9 10

027—67883581

forum2012cug@gmail.com
388

430074

http:/dkxy.cug.edu.cn2012bslt/

Petroleum Engineers Journal, 1985, 15(4): 451-464.

[11] Pruess K, Narasimhan T N. A practical method for modeling fluid and
heat flow in fractured porous media [J]. Society of Petroleum Engineers
Journal, 1985, 25(1): 14-26.

[12] Coats K H. Simulation of gas condensate reservoir performance, SPE.
10512 [C)//The Sixth SPE Symposium on Reservoir Simulation, New
Orleans. Washington DC: SPE, 1982.

[13] Ueda Y, Murata S, Watanabe Y. Investigation of the shape factor used
in the dual—porosity reservoir simulator, SPE 19469 [R]. Washington
DC: SPE, 1989.

[14] Aguilera R. Naturally fractured reservoirs [M]. Tulsa, Okla: Petroleum
Pub Co, 1980.

[15] Aifantis E C. On the problem of diffusion in solids [J]. Acta Mechanica,
1980, 37(3/4): 265-296.

[16] ;

, 1994.

Zhao Xiaoliang, Pu Yong. Carbonate reservoir welltest and evaluation

[M].

technique[M]. Beijing: Petroleum Industry Press, 1994.
[17] , . [J1-
, 1997, 19(4): 48-52.
Zhang Lihui, Li Yun. Journal of Southwest Petroleum Institute, 1997,

19(4): 48-52.




(Special Columns) 2012,30(24)
Sm_

( :2012-08-10  2012-08-20; % L% Kk/2)
“ ” [ : % %k k k| 7 o , R o
1 -17 s ““ ”
, “ " , 71.4%.
) « . 3 . “ ” [ . * % K *]
“ ” “ ” [ % %k k k| 13 IBM

14 L " ,
> 4 7 .

“« o [ Kk Kk 7]
[ 2 %k k] 13 Crucell
3 1", 8 3 2
, 2 16 .
. . [ K K]
“ ” [ K ek ko] 14 DNA
17 o, - " 9 DNA
4 , 10
: . DNA .
[ kK k k] [ Kk kK]
15 4 , 14,
5 , 2013 10 .
1 . . . CTFGY

© 1988 | 8China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



