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Research on multi—scale pore—fracture structural characteristics of deep coal rock:

a case study of Shenmu-Jiaxian block in the eastern margin of the Ordos Basin
Yang Jingxu, Yu Chenglin, Zhang Boming, Li Haidong, Li Yanze, Liu Jiaxing, Zhao Chunyang
(PetroChina Jidong Oilfield Company, Tangshan, Hebei 063004, China)

Abstract: To clarify the multi-scale pore—fracture structural characteristics and main controlling factors of coal-rock reservoirs in the
Shenmu—Jiaxian block on the eastern margin of the Ordos Basin, multiple experiments were conducted, including CT (computed tomography)
scanning, scanning electron microscopy, high—pressure mercury injection, low—temperature nitrogen adsorption, and low—temperature carbon
dioxide adsorption. A multi-scale full-pore—size distribution chart of coal rocks in the study area was established using the stitching method
of all pore diameters, and the reasons for the differences in gas content and pore development between the Shenmu and Jiaxian blocks were
explored. The results showed that (1) In terms of multi-scale pore—fracture characteristics, the study area as a whole developed cleavage
fractures and millimeter—scale fractures parallel or vertical to bedding. The average total fissure ratio of the Shenmu and Jiaxian blocks were
7.01% and 6.06%, respectively. The average total fissure ratio in the Shenmu block was slightly higher, yet over 90% of the fractures were
filled with high—density minerals. The storage space types of coal seams in the Shenmu block were mainly tissue pores, with rare gas pores and
intercrystalline pores of clay minerals, and pore diameters ranging from several micrometers to tens of micrometers. The storage space types of
coal seams in the Jiaxian block were mainly tissue pores and gas pores, with visible intercrystalline fractures of clay minerals in some areas.

Pore diameters ranged from several nanometers to tens of micrometers, and microscale fractures developed. (2) In terms of full-pore-size
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distribution characteristics, the proportion of micropores in both blocks was above 99%, indicating that coal rock in the study area had a strong
adsorption capacity. The coal seam reservoir space in the Shenmu block was mainly composed of macropores, with an average proportion of
74.72% for macropores, 23.28% for micropores, and an average specific surface area of 41.24 m*/g for micropores. The coal seam storage
space in the Jiaxian block was mainly composed of macropores and micropores, with macropores accounting for an average of 64.00%,
micropores accounting for an average of 34.85%, and micropores having an average specific surface area of 102.73 m*/g. The adsorption
capacity of the Jiaxian block was better than that of the Shenmu block. (3) In terms of factors affecting gas occurrence patterns, the differences
in maceral content and ash content between the two blocks resulted in different types of pore and fracture development. Specifically, coal
rocks in the Jiaxian block had a higher degree of thermal evolution, higher vitrinite content, more developed pores, and a larger specific
surface area of micropores with pore widths below 2 nm, indicating stronger adsorption and hydrocarbon generation capability. Both the roof
and floor were composed of low—permeability lithologies with high compressive strength and high elastic deformation capabilities, providing
favorable sealing conditions that are conducive to the preservation of coalbed methane (CBM) reservoirs. The research provides a theoretical
basis for efficient exploration and development of deep CBM in the study area.

Keywords: Ordos Basin; Shenmu—Jiaxian block; deep coalbed methane (CBM); pore—fracture structure; full-pore—size characterization
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Fig. 1 Development characteristics of millimeter—scale fractures
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Table 1 Full-diameter CT scan fracture data
X 1 BB R % R BLBE R % SIS BB R % TR ATHEER 1% S HE R (S5 /m)
A 7.01 32.34 1.76 13.02 4485
Gz 6.06 69.11 1.01 30.37 54.41
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Table 2 Micro—CT scanning pore—throat structural parameters
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Fig. 4 Pore size distribution characteristics obtained from micro—CT scanning
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Fig. 8 Nuclear magnetic resonance T, spectrum distribution
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Table 5 Nuclear magnetic resonance T, spectrum test results
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Table 6 Multi-scale full-pore-size pore—fracture distribution data
ALRSLE A A fLAR LRI AR A
[X i H/% L XHE N (em®/g) 5 H/% Y B /(m?/g)
AL Al KoL AL Al KAL a1t WAL AL KAL AL il KAL it
A 23.28 2.00 74.72 0.0094  0.000 8 0.0322  0.0424 99.21 0.76 0.03 41.24 0.308 0.014 41.562
(EAS 34.85 1.15 64.00 0.026 3 0.0009  0.0485 0.0757 99.70 0.27 0.03 102.73 0.281 0.025 103.036
0.0161 60
—~ 0.014 — A 2, ~ B
£ 250t
= 0.012f =
= 0.010f R 40
& 0.008f E 30
=
& 0006 2 5l
?ﬂ 0.004} ¥ o
= 10}
0.002} y , / . T .
04 4.0 40.0 400. 4000.0 40 000.0 400 000.0 04 4.0 40.0 400.0 4000.0 40 000.0 400 000.0

FLIRGEE fam
a. EFLRALA AR R

FLBRSESE mm
b. LR LR TR E

K9 afLARfLA R LA LR AR A R

Fig.9 Distribution characteristics of of full-range pore volume and specific surface area
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Table 7 Maceral and ash content determination results
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Fig. 12 CH, isothermal adsorption characteristic curve
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Table 8 On-site gas content test results

A
X e U /m fift 0 A ik (emg) S5t (em/g) BRAYS S B (em/g) '?fm;j
i 2270.60~2 361.52 1.79~11.55 0.3~1.90 0.05~2.61 2.14~13.84
A (P10 2 316.06) CEEIHE R 7.56) CF#41E %7 1.03) CFEIE 4 0.93) CFHIMER9.51)
" 2 409.05~2 483.21 9.66~23.11 5.16~14.85 0.09~0.21 15.37~38.17
fEs CFH{E N 2 446.13) CF4{E K 16.32) CEHE N 8.55) (FE{E N 0.16) (CF4{H K 25.04)

334 HRAEFMHETER

Wi 5 SR S B, 2 D AN [ A B 1) U R B 5 1
FH LRI XA 280 W) B ) 3 i, X IX A
JZ I T K AT Py R AE EAT IR 5E o 1 13 S SR
TR 2 KHRIERT - LA o8 P34 7 B TE 90%
P TOURARE ) A5 3 B 0 LA R 2
ARG 2 X WAL R i B R

Ak =l e TR S0 5 AR RN L S
JEIEE  BEE AN R - T3 7KSE R ), AR EURES AN 7] F
FEAAE T PTIERR B SR i YR L A5 G )24 S0
FHAR DX BRI 22 BB R 5 B - (B R 79 MPa, PR A T
5.86~10.7 GPa, JA A HL A T 0.30~0.35, THUJRE A 470 1 3 i

SEYE R 119.4 MPa; £E B X HeARE 2 Bebo s - F- YA 0
64.42 MPa, #l P4 155 5 A T 4.77~5.89 GPa, A LA T
0.27~0.33, T ARPTE38 2EF-34{E R 183.86 MPa, 21~ IX
PR 502 B A B AR R R 22 57 (AR R
WA S P A AR ) 7 A SR 135, A B TR 124
559 TAT T I A A7) A H 2 A L X B RS B R T o
S, SRPEIEARRE T RS AR et B B A R, A
S XA A TOURR USSR sk = /N A X3 BRD A
TOURR, 5 JEE A TR A s e e SR ) AV B B 5
PACHE X 3222 B e 5 T0UHR sl b TR , %o ) PRAFAK
FAREE, AR X TR e A S EA BT R R 22 R
TR AR TR NS S B, AT A P2
ARG AN B, TR SR A2 R 8, TE & AR B -

100 mHA
EFEERAS
80
N
3 60
i i
s 40 i
4o I
201 1
oUW AN o e B, Be.. .. .. W@ i
& o 000 AR RNl (0 0 L8
& B TN OES PN A
& REEREEEIET E R
URY)E R/ ESi]
b. TR

13 W) B P2 R i 5 T

Fig. 13 Histograms of mineral and clay mineral types and contents

100 A
CYETEs
. 80ff
3 60
i
g 40
<H:[ 20 | | -
Om-......-.n.n.
F o A0 800 A& & Q& 800
¥ . 7 RN
A @»'e@»% S g; @%f&%&% 47%2%@ i’ @“ %‘ﬁb
URY/)S& R Y eyl
a. Jhf 2
:l.:\
Z énﬁﬁ

DWF5E R AR B R BLRAE R F KRBT 17

oI HRER T MR AR B REER 5N 7.01%
1 6.06% , # A DX HF- 347 5 24 4 R s i I R A PR
X PR Z AR AR 25 2R R LA UL 0 £, D WL B b
Wy A A AL, FLARAE TLRCR BUL -+ BHOK , 98 KR LA &



2026 4F
et H5

Wrse i, A5 IRIEIE R 2 N FLAE LS IR 5T

PASPAR AR — (RS IX B 1015

B XS A 5 A B DX RO 2 A 4 s () 28 R LA 2L R
SALK E LR TE LK B LT HOK , oK G s
KE -

2) N LR DHERHE R F | IF 58 B AL 5
BIHE 99% LA I, & BB % XA W B B i, oK X
B 2 6% 45 25 [0 LA R ALK 3 KL AL AL 2 5 L4y
BR 74.72% F1123.28% , T AL H R HIBUE- 28 41.24 m/g;
B X U J2 it 4 s ) AR LR FL A 3=, KL Ak
FLF- 35 15 EE 43 9N 64.00% FiT 34.85% , 3 £L Fb 2 1 X
08 102.73 m/g, A B X HUEE S L 8 L AL
bl 2 T AR A K, 10 I A L DX R R W B A T AR R
X,

3) W5 XA TR T B, A o 2 AR T 2
R AR X S ORI R b ELA R AR LR B
A JERETTOR , BT S S R B A S e R
IRATARR R 5 FE TALBRAE A Y 25 57, AR B IX B i 2
BETIN KR i B AR AR 25 1], AL ik F TR
B ER LA FIAEAE A T, B0 O A DS RS, £
EL XA 8 2 S A T R0 ) W AT R OR
X,

4)WFFE X TR AR5 P 4L B TE A B 25 5, 4545 S )
AR AR B X R R TR AT RE s, S AR R
J1te e B T R M R s M AR R AR
B AIFE

% % X

(1] RmEwr, T, P, &5 . SR BRI SR U R T

o S DR AR s DA 2K 22 0 2t R T MDA 0[], A 4 S 6 4t I
2025, 47(1): 17-26.
Guo Xiaojiao, Wang Lei, Yao Xianzhou, et al. Geological
characteristics of deep coal rock and main geological factors
controlling coalbed methane enrichment: a case study of the M area
in the eastern Ordos Basin[J]. Petroleum Geology & Experiment,
2025, 47(1): 17-26.

(2] FEMEY, Wikl ik, & SRS IR EH R T — 3 B XU

MR 2 LB 5 A R B B U T3 100 A ik 2 41 2023, 44(11):
1854-1866.
Tang Shuling, Tang Dazhen, Yang Jiaosheng, et al. Pore structure
characteristics and gas storage potential of deep coal reservoirs in
Daning—Jixian block of Ordos Basin[J]. Acta Petrolei Sinica, 2023, 44
(11): 1854-1866.

3] A/, AR, LB, 5 SRR 2 A B2 IR SRR A%
T B ERIE I, A4, 2023, 44(8): 1240-1257.

Niu Xiaobing, Zhao Weibo, Shi Yunhe, et al. Natural gas
accumulation conditions and exploration of Benxi

Formation in Ordos Basin[J]. Acta Petrolei Sinica, 2023, 44(8): 1240-

1257.

(4] FRRUR, T OIE, fSeH, 55 . TRAOZ )RR TR 5 S ft

potential

[5]

(6]

(7]

(8]

(91

[10]

[11]

[12]

ARXSHE: LSRR Z W G 2R 2 o 1D, Hh [ b 3ih <, 2022, 34(4):
30-42.

Xu Fengyin, Wang Chengwang, Xiong Xianyue, et al. Deep(layer)
coalbed methane reservoir forming modes and key technical
countermeasures: taking the eastern margin of Ordos Basin as an
example[J]. China Offshore Oil and Gas, 2022, 34(4): 30-42.

A, IS, JEEAT, 5 ARG R B A AL RS R i
il AR - BB, BB 24T, 2022, 47(2): 828-848.

Zhai Cheng, Sun Yong, Fan Yiren, et al. Application and prospect of
low—field nuclear magnetic resonance technology in accurate
characterization of coal pore structure[J]. Journal of China Coal
Society, 2022, 47(2): 828-848.

VR, TR RV, Sk, A TR R 3t A i e O I R AR
T IAYFE L DASRIR 2030 4 AR B M X R )], e
2, 2021, 46(8): 2426-2439.

Yan Xia, Xu Fengyin, Nie Zhihong, et al. Microstructure
characteristics of Daji area in east Ordos Basin and its control over
the high yield desert of CBM[J]. Journal of China Coal Society, 2021,
46(8): 2426-2439.

B0, A, R, A R OB LB S ORISR 2y LS

IR I EIAR GBI, KER Tk, 2017, 37(8): 22-30.

Li Yong, Meng Shangzhi, Wu Peng, et al. Accumulation mechanisms
and classification of CBM reservoir types: a case study from the
eastern margin of the Ordos Basin[J]. Natural Gas Industry, 2017, 37
(8): 22-30.

RIEE, FEERNI, 2246, 45 36T W04 CT MM 2 i AL RS 0 3%
AELI]. HEBRAEAR, 2013, 38(3): 435-440.

Song Xiaoxia, Tang Yuegang, Li Wei, et al. Advanced
characterization of seepage pores in deformed coals based on micro—
CTI[J]. Journal of China Coal Society,2013,38(3):435-440.

RUHTAL . SRR 20 407 AR T8 b vty A B AOROE IOPL (D], 7
%% P RE, 2008,

Liu Xinshe. The accumulation mechanism of lithologic gas reservoir
of the Upper Paleozoic in eastern ordos basin[D] . Xi’an: Northwest
University, 2008.

WAZE, WE VL, SHIEAY, 45 . NG R Z Ml 1 ST Ml IX VY 1 2 TR
HEEH )2 FLBR S5 AR B B IR ). b B Al e 22 4
(FUARRIAR), 2024, 48(4): 12-23.

Hu Xin, Yao Weijiang, Hu Zhengzhou, et al. Pore structure
characterization and main control factors of deep coal reservoir of
Xishanyao Formation in Baijiahai area, Junggar Basin[J]. Journal of
China University of Petroleum (Edition of Natural Science), 2024, 48
(4): 12-23.

HFE, LA, Z24R5F, A5 RIRIEAR 2 FL 2L B A5 Al Yo A2 U7
HIRZIR: LSRR 23 G M AR R T — 3 SLIXHO g il 1. B o
7R, 2024, 52(8): 106-123.

Deng Ze, Wang Hongyan, Jiang Zhenxue, et al. Influence of deep
coal pore and fracture structure on occurrence of coalbed methane: a
case study of Daning—Jixian Block in eastern margin of Ordos Basin
[J]. Coal Science and Technology, 2024, 52(8): 106—123.

W, R, BRIEE, & . KT — S X RZEE 2 RUEZAL



1016

Wgili, 2 RIZIEE 22 RO ALAEZE I R 5T

NP ARGAAR—ER XN

2026 4F
Fle Hs5W

[13]

[14]

[15]

[16]

[17]

[19]

BEZEFRFIELT]. R Rl U, 2022, 29(5): 94-100.

Yang Xiuchun, Song Bairong, Chen Guohui, et al. Characteristics of
multi-scale pore—fracture structure of deep coal rocks in the Daning—
Jixian Block[J]. Special Oil & Gas Reservoirs, 2022, 29(5): 94-100.
RO, 22NN AT 55, 45 6T CT MR FLBR A5 1 LR
RAELT]. By <R, 2024, 31(4): 71-80.

Zhu Wentao, Li Xiaogang, Ren Yong, et al. Full pore size
characterization of coal pore structure based on CT scanning[J].
Special Oil & Gas Reservoirs, 2024, 31(4): 71-80.

ZEIE K, Wi, T, 45 . SRR 20 At R — (L DX A
JZ S BURHIE BB BRI R0 D101, 5 T 3 5 B, 2024, 52(2):
70-80.

Li Guoyong, Yao Yanbin, Wang Hui, et al. Deep coalbed methane
China:

resources in the Shenmu-Jiaxian block, Ordos Basin,

geological characteristics and potential for exploration and
exploitation[J]. Coal Geology & Exploration, 2024, 52(2): 70-80.
FIAHR . AR B BEFLAR S R AR S 4 fLAR BFERAE D], 15N :
LR, 2021

Lu Jielin. Characterization of pore structure and full aperture splicing
of coal with different coal ranks[D]. Xuzhou: China University of
Mining and Technology, 2021.

FREAR, IhHiE, TR, % JET XSHE MOk CT A BRI S
LB 2 NBERE AN FRAE: LU0 /K B 718 1 o 2R DX He o 4[],
MRS SRR, 2019, 26(5): 66-72.

Chen Yanjun, Su Xuefeng, Wang Junjian, et al. Multi-scale fine
characterization of coal pore—fracture structure based on X-ray
micro—CT scanning: a case study of Mabidong Block, southern
Qinshui Basin[J]. Petroleum Geology and Recovery Efficiency, 2019,
26(5): 66-72.

W, X, 255545, 45 . BET NMR FIX-CT B9y FL AL
A5 ERAR]. h E R HuERRLE, 2010, 40(11): 1598-1607.
Yao Yanbin, Liu Dameng, Cai Yidong, et al. Advanced
characterization of pores and fractures in coals by nuclear magnetic
resonance and X-ray computed tomographyl[J]. Scientia Sinica
(Terrae), 2010, 40(11): 1598-1607.

EYL TRME, EAAR, S5 BT T AAALBRANR A | 5 SRR R
TR LIR GBI 2 JUE AL RAED]. B, 2017, 26(4):
146-152.

Wang Kai, Qiao Peng, Wang Zhuangsen, et al. Multiple scale pore
size characterization of coal based on carbon dioxide and liquid
nitrogen adsorption, high—pressure mercury intrusion and low field
nuclear magnetic resonancelJ]. China Mining Magazine, 2017, 26(4):
146-152.

W, TIERE, W B, . SUSfRZ BOWLAL BRASH AR AEL]. A1 9m
24, 2013, 34(2): 301-311.

Yang Feng, Ning Zhengfu, Hu Changpeng, et al. Characterization of
microscopic pore structures in shale reservoirs[J]. Acta Petrolei
Sinica, 2013, 34(2): 301-311.

Yao Y B, Liu D M, Che Y, et al. Petrophysical characterization of
coals by low—field nuclear magnetic resonance (NMR)[J]. Fuel, 2010,
89(7): 1371-1380.

Sing K. The use of nitrogen adsorption for the characterisation of

[22]

[23]

[24]

[26]

[27]

(28]

[29]

[30]

porous materials[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2001, 187: 3-9.

SKSEMG, J5 IR A, B, SF L A BRI AR O =g T AR
BRI IE KRS AT S5 15T, 2017, 39(5): 706-710.
Zhang Shoupeng, Fang Zhengwei, Yang Shidi, et al. Technique and
application of three=dimensional visualized information collection of
full diameter oil and gas reservoir cores[J]. Petroleum Geology &
Experiment,2017, 39(5): 706-710.

PO, AR, AR, 55 R 2 RUE CT USSR IEBUS 10 4 1
TLFLMRSSFILI. At B4 TF 42, 2013, 40(3): 329-333.

Bai Bin, Zhu Rukai, Wu Songtao, et al. Multi-scale method of Nano
(Micro)—-CT study on microscopic pore structure of tight sandstone of
Yanchang Formation, Ordos Basin[J]. Petroleum Exploration and
Development, 2013, 40(3): 329-333.

Hutson N D, Yang R T. Theoretical basis for the Dubinin—
Radushkevitch (D-R) adsorption isotherm equation[J]. Adsorption,
1997, 3(3): 189-195.

598, Bezs e, XUtEEN, 45 . s B MTBE A6 1 3 X B B pUA i = AL
WSS RFIEAITFE)]. 2 2% 1 UL, 2024, 17(2): 131-138.

Fu Qian, Duan Hongliang, Liu Shili, et al. Study on pore throat
structure characteristics of shale reservoirs in the second member of
Funing Formation in the Huazhuang area of Gaoyou Sag|J]. Complex
Hydrocarbon Reservoirs, 2024, 17(2): 131-138.

FEHUE, A5, S, 55 FLBRLRRARER A Ak 2 SO0 FL B 4G
H 5 i AL S BCRATA ). I B 5 SRR, 2024, 31(2):
96-107.

Wang Muyuan, Li Yong, Wu Keliu, et al. Quantitative
characterization of microscopic pore structure and oil recovery
evaluation in porous carbonate reservoirs|J]. Petroleum Geology and
Recovery Efficiency, 2024, 31(2): 96-107.

A, 20b, BR20m, A AT W BT AR 2k i BT et TR D). & T
A4 5 WK, 2004, 20(4): 376-384.

He Yusheng, Li Zhong, Xi Hongxia, et al. Research progress of gas—
solid adsorption isotherms|J]. Ion Exchange and Adsorption, 2004, 20
(4): 376-384.

BRR, EICE, B2 B, 55 TR W Bk 1 T oK 12 i A
TLBBFFEN]. MEHALEHR, 2012, 40(8): 36-39.

Qi Lingling, Wang Zhaofeng, Yang Hongmin, et al. Study on porosity
of coal samples based on low temperature nitrogen adsorption method
and mercury porosimetry[J]. Coal Science and Technology, 2012, 40
(8): 36-39.

I . TUE ARG LR 1] S 5 ) ) 5 AL AR A i Al 5 2R K0
FHLIL AT 5 SRR, 2024, 31(1): 36-43.

Wu Lianbo. Quantitative relationship between shale NMR transverse
relaxation time and pore size distribution and its application[J].
Petroleum Geology and Recovery Efficiency, 2024, 31(1): 36-43.

Liu Z S, Liu D M, Cai Y D, et al. Application of nuclear magnetic
resonance (NMR) in coalbed methane and shale reservoirs: a review
[J]. International Journal of Coal Geology, 2020, 218: 103261.

Yao Y B, Liu D M, Cai Y D, et al. Advanced characterization of pores

and fractures in coals by nuclear magnetic resonance and X-ray



6%

2026 4F
%553

Wrse i, A5 IRIEIE R 2 N FLAE LS IR 5T

PASPAR AR — (RS IX B 1017

(32]

(33]

[34]

computed tomography[J]. Science China Earth Sciences, 2010, 53(6):
854-862.

A, B e, BRI 4 TR . AGIR N, B CO, W B
HEHELBRES AR AEL)]. BB, 2019, 44(4): 1188-1196.

Li Yang, Zhang Yugui, Zhang Lang, et al. Characterization on pore
structure of tectonic coals based on the method of mercury intrusion,
carbon dioxide adsorption and nitrogen adsorption[J]. Journal of
China Coal Society, 2019, 44(4): 1188-1196.

Mg, s, P S A AR BEAL B R R AR 14 U B i
JEATEWRE S HT L. PHLRHER #2240, 2019, 39(1): 1-8.

Lin Haifei, Bu Jingting, Yan Min, et al. Joint analysis of pore
structure characteristics of middle and low rank coal with nitrogen
adsorption and mercury intrusion method[J]. Journal of Xi'an
University of Science and Technology, 2019, 39(1): 1-8.

ARYE, F I, 2R L, 45 AN DU 9 K AL B e sl A R fE B
CO, EHACRI)]. AU, 2025, 18(3): 264-273.

Zou Run, Wang Lu, Yuan Yifan, et al.Oil occurrence characteristics

and CO, replacement efficiency in different shale nanopores[J].

[35]

[36]

[37]

Complex Hydrocarbon Reservoirs, 2025, 18(3): 264-273.

FOR Ty, B, $ 30, 55 . WETE R 4 M AR 0 1 20 Tl R AR U
SEMLERIG SRR L], RAR T HBRBL 22, 2023, 34(1): 83-95.

Bian Baoli, Zhao Long, Jiang Wenlong, et al. Geochemical
characteristics of light hydrocarbons associated with natural gas in
Basin[J].

the Baijiahai Natural Gas

Geoscience, 2023, 34(1): 83-95.

Bulge, eastern Junggar
Song D Y, Ji X F, Li Y B, et al. Heterogeneous development of
micropores in medium-high rank coal and its relationship with
adsorption capacity|J]. International Journal of Coal Geology, 2020,
226: 103497.

RFAE, T E, TR . A5 DU A7 2 BB 1
JETRZ SR BEHEEEAR, 2009, 34(6): 756-760.

Zhu Baocun, Tang Shuheng, Zhang Jiazan. Mechanics characteristics
of coal and its roof and floor rock and the effects of hydraulic
fracturing on coal reservoir[J]. Journal of China Coal Society, 2009,
34(6): 756-760.

(i FRE)



