44 7 Vol.44 No.7
2016 7 Coal Science and Technology July 2016
12 12 3 12 12 4
(1. () 100083: 2. 100083:
3. 300457; 4. 100027)
4 A) Al Al
:TE122.2 CA : 0253-2336(.2016) 07-0180-06
Porosity model and variation law of-coal reservoir in
coalbed methane production process
Zhao Junlong' > Tang Dazhen'® Gao Lijun’ X Hao'” Meng Yanjun'* Lyu Yumin®*
(1. School of Energy Resources China University of Geosciences ( Beijing) Beijing:. 100083 China;2. Lab of Coal Reservoir National Engineering Research

Center of Coalbed Methane Development and Utilization Beijing 100083 China; 3. Engineering and Technology Branch CNOOC Energy Technology and

Services Company Limited Tianjin 300457 China; 4.New Energy Research Center CNOOC Research Institute Beijing 100027 China)
Abstract:

In order to accurately characterize the porosity variation-of the less saturated coal reservoir during the development process a po—

rosity model of the coal reservoir was established based ‘on.the critical desorption pressure as the boundary and in consideration of the coal

matrix shrinkage and effective stress coupling role. Thusswith the variation law of the porosity pressure the porosity during the mining

process was analyzed.The study results showed. that in the development process the porosity variation would have four stages and they

would be

the water drainage and pressure releasing stage the slow pressure releasing stage supplement rebound stage and rapid increasing

stage.Those stages would be relevant to the.gas and water output variation stage in the production process.The porosity variation degree was

mainly controlled by the configuration relationship between the rebound pressure point and the critical desorption pressure. When the re—

bound pressure was closed to the critical desorption pressure the matrix shrinkage strength would be higher and the rebound capacity of the

porosity would be stronger. Within the pressure released hopper formed during the production process each point porosity variation could re—

flect the pressure variation of the coal reservoir could expand the rebound pressure surface of the porosity in the pressure released and hop—

per and the porosity pressure surface and could be favorable to improve the production capacity of the coalbed methane well.

Key words: coal reservoir; porosity; coalbed methane; critical desorption pressure

12016-03-28; : DOI: 10.13199/j.cnki.cst.2016.07.031
(2016ZX05042-002) ; (41272175) ;
(2652015331)
(1989—) o Tel: 13426331715 E-mail: zhao739264823@ 126.com
J. 2016 44(7) : 180-185.

180

Zhao Junlong Tang Dazhen Gao Lijun et al.Porosity model and variation law of coal reservoir in coalbed methane production process J .Coal Sci—

ence and Technology 2016 44(7) : 180-185.



3-4
3 Zimmerman 6
8-10
11-12
dgr 1 -
dé‘p:_( (b) de, (1)
¢ ¢ '
&, » &, &,
v ¢
(b 13

~do= [y - -] (o - ) +
K

yo e en [ -t-a]ar
(2
M= E(1-v) (3)

(I+2)(1-2p)

E
C3(1 - 2w) (4)
g Y T
c S
0-~1; « M K
V E v
1.
do =0 (2)
1 K
—d¢=—Mdp—(ﬁ—l) «dT  (5)
1
-d¢=-ﬁdp (p. <p<po) (6)
© D i Do
PSa
al = 7
pLtp (7
P ;Smax
(7) (5)
K
(0<p=<p) (8)
(6) 8)
¢
C; = 1/( M) (9)
(6)
1
(b_d’o__M(Po_P) (p. <p=<p, (10)

d)()

181



2016 7

44
d) d) +pO+(K_ 1) Smaxpc S (K_ 1) _ 2) pmin: O P2 O 1d
ComMo\M potp. M P J(p) .
K Smas
vl e=e=p) ()
M \M pLtp °
K 3 min < O O
A:— stmax(i_l)pL C=pL ) p p2
M M pmin = 0 °
(11) ﬂp) :AP_B/(C+p) pmin>0 p1:p2>0
° le P J(p)
0~0.5 B <0 p)
€>0 J(p) J(p)=0
SUp) P Panin .
— o) ) o)
Puin = /T -C=./Sp(M~-K) -p
D2 P D
0 min 0 min pm“\
(12) Vp' P P o P
p0>p>pmin f(p) ;
0<p<Poia Ap) o Puin @ 0=p:<pun<pr  (O)O<pm=<pr () 0<ps<pua<p)
) S
p<pmin f(p
; P>pmin 0 Drmin
8 D P 0
(d) Puin<0<p, (©) 0<pry=pmin=p1
1
. (12) Poin Fig. 1 Diagram of porosity changes with pore pressure
Ap) =0 2 Pi~P2 s 2
c’ B /
Ap=p, -p,=2|—+—=0 p PP °
PN 4 A ‘ /%) /@)
Pe P2
p . .
0 prinm b.7pl p 0 p]?m lyp{ D
° pl ‘pZ \pmin 2 : / \i_/
3 . N SR
1) pmin> 0 P2 ~ 00 (a) 0:p2<pmm<p|<pf (b) 0<Pmin<P1<p1’
1 p S(p) /@) /@)
2 S ,
\P2\D2 ! 'P1/P1 P vprp
3 o D p,= \w '//ﬁ
0 Ap) =0 la S~ -
@ p<0 flp) <O © 0<pI<pr<pun<pi<p|  (d) Puw<0<pi<pi
1b )
' ® P> 0 Ap) >0 le Fig. 2 Diagram of porosity changes of with pore
° pressure under different reservoir critical desorption pressures
182



2016 7

2 o
2 o
4) DE °
( 2 p. P.
Pi~Pi P2
Pi
4
19-22
4 o
AB
AB
( 4
p y
3 N
23
Fig. 3 Diagram of porosity variation with pore °
pressure during whole CBM production SR
o
1)AB o
P 0 P c
] JERE
B Al
) ol
2) BC o N
p(: pmin 4
Fig. 4 Diagram of pressure drop funnel
during the CBM production
Cc
3) €D :
° Puin Pe

183



2016 7 44

( References) :

4 1 Palmer I Mansoori J.How permeability depends on stress and pore
4 pressure in coalbeds: a new model J .Society of Petroleum Engi—
neers Reservoir Evaluation and Engineering 1998 1( 6): 539 -
544.
° 2 Cui X J Bustin R M. Volumetric strain associated with methane de—
sorption and its impact on coalbed gas production from deep coal
seams J .American Association of Petroleum Geologists Bulletin

2005 89(9) : 1181-1202.

2007 32(9) :980-983.
IR Li Shaohua Zhang Changmin Hu Aimei et al. Building porosity

-— model of coalbed using collocated cokriging J .Journal of China

Coal Society 2007 32( 9) : 980-983.

2005 25( 1) : 55-56.
Jin Zhenkui Wang Chunsheng. Influence of coal ash content on
coal reservoirbehavior J* . Natural Gas Industry 2005 25( 1) :
55-56.

J . : 2009 31

(1)+4-8.
. . Zhou Junping Xian Xuefu Jiang Yongdong et al. A permeability

Fig. 5 Diagram of pressure drop funnel
) . model considering the effective stress and matrix shrinkage effects
changes during the CBM production o .
J .Journal of Southwest Petroleum University: Natural Science
2009 31(1):4-8.

6 Zimmerman R W Somerton W H Sking M. Compressibility of
1) Rocks ] .Journal of Geophysical Research 1986 91 ( 12):

12765-12777.

° J. 2003 9( 3) :373-377.
Fu Xuehai Qin Yong Zhang Wanhong. Coupling correlation be—
tween high —rank coal matrix mechanic effect and coal reservoir
permeability ] .Geological Journal of China Universities 2003 9
(3):373-377.

° ] 2011 30(4) : 132-134.
2) He Zhiyong Liu Haitao Wang Cheng et al.Seismic attributions a—
nalysis and its application in predicting porosity J .Coal Technol—

ogy 2011 30(4):132-134.

] 2002 30( 4) : 24-26.
Zhang Yanqing Cheng Zengqing. Discussion on prediction methods
N of coal reservoir parameters by seismic technology J .Coal Geolo—

gy & Exploration 2002 30( 4) : 24-26.

J. 2005 33(1):28-32.
Hu Chaoyuan Peng Suping Zhao Shihua et al. The qualitative
prediction methods of coalbed gas reservoir parameters J .Coal

o Geology & Exploration 2005 33( 1) : 28-32.
184



2016 7

14

15

16

17

18

J. 2015( 11) : 118-121.
Lu Junling Li Shuchang.Study on enrichment controlling geolog—
ical factors of CBM reservoir in Sihe Mine ] .Zhongzhou Coal
2015 ( 11) : 118-121.

I 2014( 1) : 93-95.
Xu Zhun Zhao Yonggang Li Hong et al. Analysis on coalbed
methane geological condition of Coal seam 2, in the Nol3. Coal
Mine Pingdingshan Mine Area J .Zhongzhou Coal 2014( 1) :
93-95.
Bradley J] S Powley D E.Pressure compartments in sedimentary
basins: a review J .American Association of Petroleum Geolo—
gists Memoir 1994 61( 1) : 3-26.
Levine ] R.Model study of the influence of matrix shrinkage on
absolute permeability of coalbed reservoirs J .Geological Socie—
ty 1996 109( 1) : 197-212.
Harppalani S Shraufnage R A.Shrinkage of coal matrix with re—
lease of gas and its impaction permeability of coal J .Fuel
1990 69( 12) : 551-556.
Shi J Q Durucan S.Drawdown induced changes in permeability of
coalbeds: a new interpretation of the reservoir response to primary
recovery J .Transport in Porous Media 2004 56( 1) : 1-16.
Pan Z J Luke D C.Modeling permeability for coal reservoirs: a re—
view of analytical models and testing data J .International Jour—

nal of Coal Geology 2012 92( 3) : 1-44.

J. 1999
18( 6) : 651-653.
Zhao Yangsheng Hu Yaoqing Yang Dong et al.The experimental

study on the gas seepage law of rock related to adsorption,under

19

20

21

22

23

3D stresses J .Chinese Journal of Rock Mechanics and Engi—
neering 1999 18( 6) : 651-653.

I 2009 30
(13) :409-416.
Chen Zhenhong Wang Yibin Yang Jiaosheng et al. Influencing
factors on coalbed methane production of single well: a case of
Fanzhuang Block in the south part of Qinshui Basin J .Acta Pe—
trolei Sinica 2009 30( 3) : 409-416.
Lyu Y M Tang D Z Xu H et al.Production characteristics and
the key factors in high—rank coalbed methane Fields: A case stud—
y on the Fanzhuang Block southern Qinshui Basin China J .In—
ternational Journal of Coal Geology 2012 96 ( 7) : 93-108.

I 2012 40( 4) : 104-107.
Ren Guanglei Li Zhiping Zhang Yuelei et al.Stress sensitivity of
permeability affected to production capacity of coalbed methane
well ] .Coal Science and Technology 2012 40( 4) : 104-107.

I 2010 38(7):109-113.
Ni Xiaoming Chen Peng Zhu Mingyang. Analysis on main control
geological-factors of production capacity of vertical coalbed meth—
ane well/ J Coal Science and Technology 2010 38( 7) : 109 -
113.

I 2012 41(6):
943-950.
Liu Shigi Sang Shuxun Li Mengxi et al.Control factors of coal—
bed methane well depressurization funnel under drainage well net—
work in southern Qinshui Basin ] .Journal of China University

of Mining & Technology 2012 41( 6) : 943-950.

185





