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Geological conditions of coalbed methane and shale gas exploitation
and their comparison analysis
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Abstract: Based on the basic conceptions of coalbed methane (CBM)/shale gas,the geological conditions of coalbed
methane/shale gas exploitation are systematically analyzed , which mainly includes the following three aspects :the geo-
logical conditions of reservoir formation, the conditions of occurrence environment and engineering mechanics condi-
tions of exploitation. Furthermore , the geological conditions for extracting coalbed methane and shale gas are compara-
tively analyzed. The similarities and differences of the geological conditions between coalbed methane and shale gas are
also revealed. Coalbed methane/shale gas is a kind of unconventional natural gas which is self-generated and self-
stored in coal seam/shale. Their enrichment accumulations depend primarily on the existence and the quality of basic
geological conditions of source-reservoir-preservation as well as their mutual cooperative relations. All coalbed meth-
ane/shale gas within a certain burial depth have undergone desorption-diffusion-migration process, and the phenome-

non of vertical zoning exists universally. The higher evolution degree of organic matters,the smaller the depth of de-
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sorption zone ,while the deeper of weathered zone ,the greater depth of desorption zone. The enrichment of the coalbed
methane/shale gas in the desorption zone to a certain extent complies with the rules of structure controlling gas accu-
mulation in the conventional natural gas accumulation ; whereas the enrichment of the coalbed methane/shale gas in the
primary zone is more controlled by the characteristics of coal seam/shale’s adsorption. The coal/shale reservoir varies
from occurrence environment conditions, on which adsorbed gas and free gas in coal/shale reservoir transforms into
each other, which results in the differences of the coalbed methane/shale gas in reservoir type,scale, quality and other
aspects. The main geological factors affecting the CBM development are coal seam thickness and its stability, gas con-
tent or resource abundance of CBM ,structure and fracture , permeability and preservation conditions of CBM, etc. The

main geological factors affecting the development of shale gas include shale thickness, organic matter content,thermal

maturity , gas content,nature fracture and brittle mineral content,etc.
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Fig. 1  Diagrammtic sketch of coupled multiple fields in

multiple-phase materials for coal/shale reservoir
D, @B BB 5 500 A s 0B
O— I EAE ] @— I MHE ; O—Z 5 G 1E ]

L2.1 MRS

R S R A AT R R 2 — Wi
BB FE ) 1 2 — SR U 28 S A
F2EREE LS MY J& T3 ), e F R T,
B/ TUA KRB 3 R S B ek MO R 2R TR I, 2R
SEg WA T A Xl fif BEREAE 2= R [ R M
AN T HE T A g R ) SRR 5 55— 5 T, A
EIBERG Mk vT LU, FE b0 g 194
T REE TS R SUR AR E A 2GS

WL L H =R AN HA A, H b, 304 1y
TR B B R R TR SBZNB ERA R
KIGEENA Bt B4 i 3 1 38 K B8 S50 g 1 14
KBRS D BIER TR, EEZR/TUASF
Rt R Bl 2 R T R A ROR B 2
S/ TUHSMZBE R TR, XA i 18 rh vy g Fi
it 2 5 AR A RIS B A B TR R/ A R
G BRIF SR, 080 TUA AR )= 103, 45 i e R I
1.2.2 W TF/KESY

H T K 1 38 il 36 RS DUR R RAT RLE
B, Je M 2 S DA AU B RN s S A 7 1 i S,
AR, MR/ TUE R A, TS
JIPIFE . — 22 A T B T K as B iR
YRR, BB Z S DU UK s oK 1 B SAE
FH UG R T2 S 00O SR, EHT K B L
AR FU LK, H T K B8R A B A X — i
W KIS AR I TR 2 T i H e o,
FREZ AR U AR A B, R KT B LR 55
(R HIL DX, B/ TR 2 & A — AR Lh K, AR DU
B AR SZ K SCHE T A5 R 5 e B R T s R
SRR 2L, K AR B b DX — 8 SR 7K 7 P ik
JIEEE R R 2 S U A R &R A
FEPEAL ARACATEERY X A Y s A5 A —E Lt
1] AR b B 1 27K A )T B e A 1 A A7 A kAR
YRR EIAE RN T, L, AR bR 7 s DX 0] B
FI TSR ST s 4 . H T K e 77 3 6 4
BER/TUESIER R Z SR A
HEAK B 2 B R 2 A A 7= i M — i, HE KR e
ASCR B B Z ST R KN s S Z A
W, A AA B R HEK, A R, — &
30 ~50 a, DK, SEA#)2 A K SCHB BT 250 B R 42 i A5
FEEITREEE N E
1.2.3 MRy

b 7 7 2 A WL AR A BV FH ) G B A ML
PR A Rt IR R R4z P TRl i 1 4k
Sl )2 R R SRR R U R,
F T 3R 2 Al S SO 2 A T W B — fige 1 A £
Ak, B/ DU 2R 5 2 S TSR RO R
BRI N R | B R i B2 R TUA R
W R RE T R RE T, DA S FR BE 43 A, T EE v, DU
L/ TUE AW B R T AT, A T A 4R e T IR
T DN T 71 B SR U, Uk 18 vy, 8/ D v R e P i i
RE SR, A R T2 R/ TUA S, R g
JZ R/ DUA SRAE () b T 3 S5 X T8 R 2 </ L



%5 M d A R TUA

SIF KB SR B X He 4y #r 733

o ARARRAS SR A B B PR
1.3 BES/ TTESAEXNIBENFEH

W/ TUA 2R TS AR HLA)2 , i TR
TUEHH R I8 15 SR ARG, ACHE - R B A0 1 7 R HE
AR TS AN 1, T DA 06 25 R BN T 58 Ak 338 77 45
Jiti o FHUABEHIK S RS AR — R E T4
IR TUA R R T 2 Y A RO R )R
/DA EZER AR,

K 3 e 4 i 1 B AL R A R S TR B )
HAETE I BRI TUAARZ . B TUE i 2 3
B, B DU 2 3 07 24 M o i by T AT 3
Bt oA L B it T2 8505 R 3R 3k [ml e e R L5 1T
A T FERN LR B DUAAE 2 A B )
SR TURRY TUAE 2 R R s R R KR E R

X FARALARE WA B 2R/ 0UaE S A
PR PSR R BN [, A4 A e B HOR R IR P
Bl e, BARICHRSHERTEEZ ) mAR,
T2 5 U )2 SRR 2R DU SRR
()22 S R S 0UA SO R R WA A TA]

H AR R ST R 2 Rl R = T iy R
K, DT REAR AR J2 e T, A 2 vl i B F e < e
WEREIIC H R 5 T DU ST R JE R R AL Z 90K T34k
BRI H o BE R A TR ST RAN T ZEHE
TR SRS, T2 A0 HE A il MR A, Ll 3 A
SR AR PO R R A i R AR R A
IKEFEAKAR A

TUA SR R — AR LR R, 2t
T HI 1 1) e Pty 248 ) 4% PN e 8 A0 ) o 38 FL B
PSR 5 1E AT IR 2 8 1 5 8 Bt 22 2212 /), I
iR 10 ~30 a A2 Frp R E LR H A E Y
FRORIAAATT HH M T 2R BUR A R R R 0w
FRSR TR R K pkr= i 2=
INHEIK B Hs fif R S0, 7R SE PR HER TR ] 208 3 AN By
BeU LT B B HEAK MR B B, A 2 D T2
M T, FEE K R A D i 25 S RS
P T B B AR AR P B B, B2 T T B 2 )
MR T, 72 R A RR O, I 8 8 B R
GHBETE3 ~5 a), = /KE TR — AL KT
I BB R SN B B, b K SR K,
ZBY B B SR B ) i, T4 10 ~ 15 a,

JREJZ R AR S T b R A st A 2 7 1T ok )2 T
PRUUER = A MURNRA W P BT gl , 182
TE RS B IR T — iR, 5 HA A /Y
A B SRR W DTRUT 8], g 22 1 AR X 1

A REAR, BT 2E R BEAR R AR b s B
IS HAREEA 2R 5 F 2Lt TIAAS s (45 27K F
o7 A AR T S5 2 M LA TE 24, PR IR o S 1 X )
FEFOLEAE B A GBS 4516 . B B s
FIETAMS s S BCREE K WU SR, A2
HIE K 4 1 B8 B S SRR R R LG, T
RGN, ZEAH R A TR T, SR A B 1S T A2 2]
FEL , DR, 2 S R 2 i Tk i o o5 T AR
ARSI, HH K 8 m®/min DL FHER

TR IR IR AR/ T 4 wm, EEHF LY
I AN R T A A HUR G, Jef/
TUR AR A (RETE) 26, A A h A 808 T,
HBb & /N T 5% F v ; T8O | U #H Rl
A AP EASOR U, DS 5% ~24% H N
ORI OB U E N RS s A A R
HOH TH RS 25% ~ 49% FH N KD B T
LGB GURLE OB RP IR A Y R/ TUA &
T2 8L A N & Iy €871 I D W LR SRR S 2
Beo et/ TUE I 7 5 B B T 40 e o/ T A 1Y
TR AN S RRETBBRR T EA
U VA 20 WA A B R AR, YA DUA etk
WY IR DA S LR M A R B &
SRR R EMEERNE, AP E L0
Yo AL, Ao KA A SRS
15, A TR | 7E A T AE F R 85 T 1 K SR S Bk
FS R4 | JE DR 5l R 25 4 4, A R F 0T E S
TR, TR 0 DU, YRR, IR
5, DUE SO T 2448 o0 3, RN FF DUA IR Bk, 98
EF=S AP AT E R 28% ~52% PR & &
H 4% ~16% , S WEPED Wk 46% ~60%

T IUA B AL B &R R, R
NG, MR REIE RAR S8 Tk 4 Tk — A, KoK
PR TIAEAU R, AN ENGE TRV 3B
MAE T , R E A 2s (0], B2 B EIE , 2 TUA R
I FALBR IR A SR S B R4, IR BT A R
JRTA TR RENSIE LA 2 35 FE R (A O 488 PE I <
Fi, AT ABLLARIAAS b | s AR o | A ML e
PETUE AR USRI A B ZE R H AR
2 BRES/MESFAEMREZRHERIFEN

Ttk
2.1 BEESR/TESHEMREEHHE

JREJZ R TUE SR SEAS B R 5 R AR A 5
JT P 22 531, 7E— i JHL AR B T PR R 2 R TUA SR
RAI W — W2 B8, I i A7 A < T ] 4



734 Py %

F ® 2013 4E45 38 %

BUGE A WL TS PR 38 A TRy TR P /N, AUy
TSR AT WA TR S BOR, i Wty R R R/ TR R
TE—E e BB R T IR AR A A e O ; it

JZ/UR IR . R T TUR SO R R
&2 07 HA M Bl e —E 22wtk H=
A TUR TS FA R AR O 32 BRI S XS

A NI SR/ TCE RS R AT RETE 2 28 TR bR 1,
*1 RES/EERSEHMRASHNOEERFELL
Table 1 Main characteristics contrast between shale gas/coalbed methane and other natural gas reservoirs
FESH W ES WK TUESA WRR
LT TR A CEBHLT IS | A= (AP A4 CEA PRI  TOC> AA(RZ) 2B
L S BAR MRS TUH ERIR) 2.0% ) M HLIR A B
AR B 1 I L I NN E 1 7
B UL EE IREN AR BL IREN AR IKEN AR B Ny STy
it 2 A Wt BRER R 5 W BRI 5 A/ YR 2
Yy BT ZE Ak, U7l 7Py T+ AL HHLR
HFLBRZE I X LRSS Rk
Ny . 1 b
LBRZE TR FLBRSE ST LR g WU LR 45 ) WU FLBR 45
Y \ NANE N ah44 y NFL T
Py LB K] szj j‘;"’rlo AL YUORYFLBR ;{;&Qfﬁ
e S —E>10, SRINEEBT T,
Lt HA etk <10 <10 —RUNF 5%
; B, — 0. 1
SRR -1s 2 ’ . ’ X X .
Bi#ER/(10 ) U A <0. 1 <0. 001 <1.0
SRR 7= e e e B+ I FEEG R (SRR
- — B IEH AR Z R S e Rk .
TR IET) FERE SRR S ST (T IE s
TRAF A Fai a2 F3h A sz M M KRN AT s KB &
w2 ok fEAER 2 e 2 AR TE )2 AR TR )Z
BRI FAEIE R FAEIZ R Tizk izt
Rl A S50 FETERE PA] TETERE ] JC A R A JCH i Pl A
R TR e SR MR SRR PR SREBAR, Sk SHEEAR, SRS
= . TN R A H AR, A H G, IR H 7
JI2 5% o) -
N ) B EE) G [ R
TR H kg Lzl KIFE TR K R FFR
A T HE HERT=Hew , AR REAR, 7w e AR REMR, 7 IR T ALK RE, R AR
e RS I B HA T 2 I A I
S o2 TN LT e AL BB E, BB A
B R KVEB N E| SN i RS AR Lk

2.2 BRES/TEaSFEMBREGTN
2.2.1 MBI RIS
MZAF R BE X RBIE X NBZ AT A E
o, MR SRR B R W KRR AR AT R
YA, X b 36 [ 23 A A il TR R R RO e s
B, T8 BRI 2 ST & b BT 45 182
HRRERT LS m, BIHREERT 4 m B2 =
MWANTF 8 m*/t B IR F KT 1. 0x10° m’/km®,
2 A ECR BEAE 300 ~ 1 500 m, ZLERARXS & F , H
B FIHAXTEAR | 3B 15 M R AT S i 45 4 1T
WM SE AR HERLR 2,

2.2.2 VARSI &AM KA VES
X AE 38 T A0 XS A SRS B

BT A B 0 SR T 2 35 25 A 1A A B 0
FM AR S A VLT FEE (TOC T 8&>2% ) K
BEER > 1% Mt P& (A% KAy K
T 40% ARFEE Y& B (<30% ) NS S
(>0.4 m’/t) , WA JEE R T 30 m, 388 5 /N
T 4500 m BiER K>0.001x10™"° m?, fLEEFE o>
4% FKMFNE S, <45% 5 AT S5 3 b AT
PR R DL R A R B B i (E >3 GPa) FIRTAMA B
(r<0.25) SFHREAE> (B 2) . REIFM S HanE 2
Fis .

3 F

(X
(1) M=/ A e AT T2/ U i —



%5

A R TUE ST R R R R B RS e B 735

M A A A AR R LSRR, T R AU T R T
IR PR AR MR AT AE B A IR DA K
MHEZFRECERER, R TR T R s A

AU BRE TR R TR R SR OB 1, 3 B
B2 R DA SIRAF IR A6 LA B2 R s SO
K TRES 7 46AF

7

®2 BRESFEMBIFHIRE

Table 2 Evaluation criteria of coalbed methane exploitation geology

HA T R IT S F

Mo R AE L

HZ A

SEMIT : e

PRA *H BRI ABE(1993) BB H 2235 R R X
JEZ R /m 300 ~ 900 300 ~1 500 500 ~1 500 <1 000 <1 500
5 0 4 . .
%g;;;x/k%& 0.7~1.6 AR BT R 0.7~1.5 R

R E R — Eﬁ}:?:’>1 5,

I 2L /m 0.6~5.0 >1 2510, 2>0.6 >2 P
U B 15 1% &8,
AR/ (- 1) 5.2 (AR S - 10 10 8 VU HE> 1

BEE K AN EF,
(/10715 ) 3~4 W Ty 2 ) rP R s SR A >1 HWREH W ST FR XA,
m K>0. 1

X B T P R A FE M P AR AT B
Mot A ft fiRRE SERET IR SR AR
- 55958 % X ORI 3
£ 3
I3 & HRJEK X HRIEKIX A EIK XK JE 3% X RIEKIX
. PWITUAE s X R >10 m Je i TFHEZE
#E Ve U : e ’
2 BEIH emarmas R PR A

R>1.1%

<4 500 m

AL A

JUA R TOC>2%

K>0.001x107"5 m?
$>4%.,5 <45%

WatEw ) & & >40%
KF T &= <30%

K2 SUASIP R BN S S KL

Fig. 2 Geological key parameters of shale gas

<025, E>3GPa

exploitation assessment

(2) ZR/ TUAREEA B 5 5 LR IR R
A ST 22 5, A — i MO FE L N R R U
SRR A L R — W —iz 7%, I 3 A7 7R 2 ) )
" IR AT HIL DT T8 T v e R R )N XL
A BT it R T R B it Wl R 2 A A R
EAETE—ERE LR T8 LR R i = <M
B AR N R R/ A RS A 2 245 T
fitt)2/ DU 2= I R B R

(3) T LR 2 ST & B b ST 4544k - 2
BIZRREERT L5 m BIHHEERKT 4 m, BEZS
SRMANT 8 m’/t sEEE KT 1.0x10° m*/
km? | 12 BRI B 7E 300 ~ 1 500 m, 22 B AH X &

USRS B | ELB B R R AT A6 AR 4 2%
o

(4) TE R SUR SOF R S A « U
JEJE>30 m, HOUE R MOR, & A LT A TR
HREA YR FEE (TOC>2% ) LA R, >
11% ~1.2% JEtEo™ ¥ & & (A9 KA Y))
>40% AEFH LB 558 (/N T 30% ) R R
JEARAF SR A A T AR vy B A R
FAHEREHFAIE

Sk

(1] ®fdF, HRAR, ZEE . B2 TR e 575k (M. b
AR, 2010.

(2] 4B RE, M-, e, 5. R R BT [ M. Ut # BT
JiAt,2011.

(3] Eab# Zude 0 5 SRS A vUs SRS 4
Hi[J]. RIRR T, 2011,31(12) :1-7.
Wang Shejiao, Li Denghua, Li Jianzhong, et al. Exploration potential
of shale gas in the Ordos Basin[ ] ]. Natural Gas Industry,2011,31
(12) :1-7.

(4] WA, mds, £ OB, % USSR r—LL 6
PUAS AR A B ] . Al S T2 ,2008,22(3) :33-36.
Pu Boling, Bao Shujing, Wang Yi, et al. Analysis on condition of
shale gas accumulation: A studying case from shale gas basin in
America[ J]. Petroleum Geology and Engineering,2008,22 (3) :
33-36.



736

# X

#® 2013 4E45 38 %5

(5]

(9]

[12]

[13]

[14]

[15]

[16]

TRARHE 2 B R H P TUERIIBR S L[T]. RARRT
Ak,2009,29(1) :124-128.
Zhang Linye,Li Zheng,Zhu Rifang. The formation and exploitation
of shale gas[ J]. Natural Gas Industry,2009,29(1) ;124-128.
e L EAREL & SURSUBOE AR R AT [ T]. KRR
KT,2009,29(5) :22-26.
Li Denghua,Li Jianzhong, Wang Shejiao, et al. Analysis of controls
on gas shale reservoirs| J ]. Natural Gas Industry,2009,29(5) ;22—
26.
BUE M BT 5 BRI e S RN T 2 22 2 4. b 56 b DX A < it
PRIFACH R [ M. AE8T . A oll B it 2009.
Jarvie D M, Hill R J,Ruble T E, et al. Unconventional shale-gas sys-
tems ; the Mississippian Barnett Shale of north-central Texas as one
model for thermogenic shale-gas assessment [ J ]. AAPG Balletin,
2007,91(4) :475-499.
Ross D J K, Bustin R M. Characterizing the shale resource potential
of Devonian-Mississipian strata in the Western Canada sedimentary
basin , application of an integrated formation evaluation[ J]. AAPG
Bulletin, 2008 ,92(1) :87-125.
Curtis J B. Fractured shale-gas systems[ J]. AAPG Bulletin, 2002,
86(11):1921-1938.
sk, 28, = WA S TUESSORMLEL A MR [T]. KR
S Talk,2004,24(7) :51-58.
Zhang Jinchuan, Jin Zhijun, Yuan Mingsheng, et al. Reservoiring
mechanism of shale gas and its distribution[ J ]. Natural Gas Indus-
try,2004,24(7) :51-58.
BN BT B XA BRI A U SRR A R B A
[J]. RERR T, 2009,29(12) :109-114.
Zhang Jinchuan, Jiang Shengling, Tang Xuan, et al. Accumulation
types and resources characteristics of shale gas in China[ J]. Nature
Gas Industry,2009,29(12) :109-114.
PRIk, R 80, ELL8 55 T E SUA ST BR 5 R SR 3
[7]. A4 ,2010,31(4) :689-694.
Chen Shangbin,Zhu Yanming, Wang Hongyan, et al. Research sta-
tus and trends of shale gas in China[ J]. Acta Petrolei Sinica,
2010,31(4) :689-694.
FOOE ], TR, . P E LT R AR TR R
JARAT BARAEL )] A7l 5 R AR BT, 2010,31(3) :288-308.
Dong Dazhong, Cheng Keming, Wang Yuman, et al. Forming condi-
tions and characteristics of shale gas in the Lower Paleozoic of the
Upper Yangtze region[ J]. China Oil and Gas Geology,2010,31
(3) :288-308.
JELIRR. T8 T IR AR R BUE R RIS i ()] s
#%,2011,30(2-3) :344-348.
Long Youkang. Lower Paleozoic shale gas exploration potential in
the central Yangtze area, China[ J]. Geological Bulletin of China,
2011,30(2-3) :344-348.
WIS EA S, E B TWIEN T ERS e SR H U
SR BAT M X M) ] . A= 42,2010,31(2) :225-
230.
Pu Boling, Jiang Youlu, Wang Yi, et al. Reservoir-forming condi-
tions and favorable exploration zones of shale gas in Lower Silurian

Longmaxi Formation of Sichuan Basin[ J]. Acta Petrolei Sinica,

[17]

[18]

[19]

[20]

[21]

[23]

[24]

[25]

[28]

2010,31(2) :225-230.

FoOREL IR R B TUASIE U R B SR R R R
WFFE[T]. KRS HERRLE,2010,21(2) :350-356.

Wang Xiang,Liu Yuhua,Zhang Min, et al. Conditions of formation
and accumulation for shale gas[ J]. Natural Gas Geoscience,2010,
21(2) :350-356.

R, IR o, B . AU R TR I HOIT L R R
[J]. A 571 % ,2007 ,34 (4) :392-400.

Li Xinjing, Hu Suyun, Cheng Keming. Suggestions from the devel-
opment of fractured shale gas in North America[ J]. Petroleum Ex-
ploration and Development,2007 ,34 (4) :392-400.

Mavor M. Barnett Shale Gas-in-Place Volume Including Sorbed and
Free Gas Volume (abs. ) [ A]. Fort Worth, AAPG Southwest Sec-
tion Metting[ C]. Texas,2003.

Enever J R E, Henning A. The relationship between permeability
and effective stress for Australian coal and its implications with re-
spect to coalbed methane exploration and reservoir modeling[ A .
Proceedings of the 1997 International Coalbed Methane Symposium
[C].1997:13-22.

McKee C R,Bumb A C, Koenig A. Stress Dependent permeability
and porosity of coal[ J]. Rocky Mountain Association of Geologist,
1998:143-153.

Meng Zhaoping, Zhang Jincai, Wang Rui. Insitu stress, pore pres-
sure, and stress-dependent permeability in the Southern Qinshui
Basin[ J]. International Journal of Rock Mechanics & Mining Sci-
ences,2011(48) :122-131.

Z O KRR I, S U0 K A v - R AR B 3 Y
G SRR R Z B[ )] BRI, 1999,45(6) :576-
583.

Qin Yong,Zhang Demin,Fu Xuehai,et al. A discussion on correla-
tion of modern tectonic stress field to physical properties of coal res-
ervoirs in central and southern Qinshui Basin[ J]. Geologiacal Re-
view, 1999 ,45(6) :576-583.

FECH), U sk AR 2 RS TUA R B EXY
H[I]. RERSIEREL,2010,21(6) :1057-1060.

Jiang Wenli, Zhao Suping, Zhang Jinchuan, et al. Comparison of
controlled factors for coalbed methane and shale gas accumulation
[ J]. Natural Gas Geoscience,2010,21(6) :1057—-1060.
ARARE,HIL B M AR P E USSR R B R SRR
[J]. RESRI,2011,31(12) :1-14.

Zou Caineng, Dong Dazhong, Yang Hua, et al. Conditions of shale
gas accumulation and exploration practices in China[ J]. Natural
Gas Industry,2011,31(12) .1-14.

FRME L TORVE A2 M AE s Tl AL, 1990.

Meng Zhaoping, Xiao Xianming. Analysis of the mechanical proper-
ty of mudstone/shale in paralic coal measures and its influence fac-
tors[ J]. Journal of Coal Science & Engineering ( China) ,2013,19
(1):1-7.

L ARATRE AL GF. DUR R 1 5 R T R R
[J]. o541, 2011 ,30(2-3) :324-336.

Dong Dazhong, Zou Caineng, Li Jianzhong, et al. Resource poten-
tial , exploration and development prospect of shale gas in the whole

world[ J]. Geological Bulletin of China,2011,30(2/3) :324-336.





