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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
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Abstract: The in—depth understanding of the storage and migration of coalbed methane requires qualitative analysis and
quantitative characterization of the pore—fracture system in coal. In this study, the core samples of the No.3 coal seam in
Mabidong Block in the southern Qinshui Basin was discussed in detail. The X-ray micro—CT scanning technology was ap-
plied, and three—dimensional digital model of the parent sample and the three-dimensional digital model of the child sam-
ple were proposed through low—resolution CT and high-resolution CT respectively. Based on that, the Avizo software was
used to establish the pore—fracture system of coal sample, which realized the multi-scale quantitative characterization of
the pore—fracture system. The results show that multi-scale pore structures develops in the No.3 coal seam of Mabidong
Block in southern Qinshui Basin. Generally, the macropores are mainly C—type and the micropores are mainly E type. The
overall pore connectivity is poor, and the fractures are isolated and distributed in sheets. According to the correlation of the

mineral content between parent samples and child samples, it can be concluded that the large—scale fractures of the coal
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samples are mostly filled with minerals, which limits the percolation and production of the coalbed methane.

Key words: coal ; multi-scale pore—fracture system; x—ray micro—CT scanning; pore—fracture distribution characteristics;

Qinshui Basin
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Tablel Basic parameters of samples
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% R (m)

1 1130.1~1131.3 3.76 6.42 0.079 0.139
2 1131.3~1132.5 3.91 6.41 0.074 0.118
3 1133.7~1134.9 3.01 6.38 0.083 0.117
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Table2 Parameters for CT scanning
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Fig.2 Noise reduction of CT image
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Fig.3 Thresholding segmentation image
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Fig.4 Three—dimensional pores and fractures structure sketch map in the No.1 parent sample
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Fig.5 Pores,fractures and mineral distribution in parent sample
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Fig.6  Pores,fractures and mineral distribution in child sample
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Fig.7 Pore number and pore volume percentage under
different pore volume of parent sample
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TableS  Pore volume and mineral content of child sample

ML FLABRIAF AL - %%
o DURBL_FRICR) ik YU w
TEHa b B F B Zf R TR
(%) ®  ® O (%) (em)
1 3.54 0.075 2.21 1.25 0.56 3.10 2.31 0.0018
. . . 25 L 0 2310
2 1.83 0.05 1.13 0.65 0 7.03 2.15 0.001

3 464 0.1 3.60 094 0 542 237 0.014

PRBT 73 L 2 (18 8) AT AL, A% 5 BEAE FL AR 1A

60000 - 600 4100
| ERdEaE
50000 |—*— A E L 300 150
z METESTITT 2
& 40000 S
m 60 2
& 30000 <H§
= 40 =
= 20000 ¥
10 000 20
0 0
<l 1~10 10~10"10°~10’10°~10" >10°
FLZL B R (um’)
a—1'5 7
50 000 BT H 400 150
< 40000 o L — S
= 10°~10 60 3
ﬁ 30000 fg
= 40 =
= 20000 &
10000 20
0 0
<1 1~10 10~10°10°~10’10’~10* >10"
FLABE AR (um®)
b—2% FFf
2 -
> 0% 300 1
N 200
20000 100 1 80
§ 0 3 4 4 g
o 15000 10~10° >10 60 3
- &K
& o
= 10000 40
~ &
5000 20
0 0
<l 1~10 10~10°10°~10'10°~10" >10"
FLALBE R B (um’)
c—35FFf

8 FHRAKBERSAXNEHBERFERESILHXE

Fig.8 Pore number and pore volume percentage under
different pore volume of child sample

B AR AR K I, i F AR i KRR AL
S4B, BEFL2EBR R R BE A, LA B A H S5 LR
TRBUE 43 L 38 S50 KE W/ 3, FREFLZY
BARALR 10~100 wm’ I FLZL BB H i 2 , FLALBR 1A
FUR 100~1 000 pm’® AL BRI E 7t fe ok .

WK Z L S AR X B 3#IE Rk 2 RUE AL
BRASHE , £L R BEAARBU AT BRI L, A6 Jay 3 IX 4R
TR R BT . BEs FLARBR M B DL C B =,
PO L LA E U 3 o ARG TR B 35 i i A
KA R A i BRI B FL AR BR 2 W W) TE
BRI T2 BB A= o AT BR LB
LA PR R 2 — 2D R OB = R el
SERR R IEE R O A RO 2

% 30k

(1] JRUREL, A ETE , R B IR A2 Uk 2 D0 - BB R B
L] BT 5 3R, 2018, 25(5) : 24-31.
YUAN Junhong, FU Yutong, SONG Yu. Logging interpretation
technology and its application to deep coalbed methane reservoir
[J]. Petroleum Geology and Recovery Efficiency, 2018, 25(5) :
24-31.

[2] SEIDLE J.Fundamentals of coalbed methane reservoir engineering
[M].Tulsa:PennWell Books,2011.

(3] UMb, ARJBR, FLA2, 45 S A DA 2 R IE B2 B8 D
JI0I ). A E A, 2017,22(6) : 78-86.
Y1 Wei, XIONG Xianyue, ZHUO Ying, et al. Coal reservoirs and
CBM potentials in Hancheng mining areal J].China Petroleum Ex-
ploration,2017,22(6) : 78-86.

(4] IR, SK/ANAR W S , S5 AN Te) AR A T TEE S 14 W0 o ] B G
SN R L) ] i HL BT R, 2017, 24(4) :43-48 54
LI Pengpeng, ZHANG Xiaodong, YANG Yanhui, et al. Adsorption
time of coals with different degrees of deformation and their influ-
encing factors [ J]. Petroleum Geology and Recovery Efficiency,
2017,24(4):43-48,54.

(5] LhHH g, sk TS . W e o 52 86 O 1 AT 5% B0 il )= FL B &6
e —— L B R 2 3 AR B R I P R L D ) () ] i
J 5 R, 2017,24(1) :26-33.
MA Shizhong, ZHANG Yupeng. Study on the pore structure of

tight reservoir by using method of mercury injection—A case study
of the Lucaogou Formation in Jimsar sag, Junggar Basin[ ] |.Petro-
leum Geology and Recovery Efficiency,2017,24(1):26-33.

[6] ENL LB T, 5 BT CT =2 d 41 s B AL 2460
LR ARAEAN T[T ] D41, 2017,42(8) 12 074-2 080.
WANG Gang, SHEN Junnan, CHU Xiangyu, et al. Characteriza-
tion and analysis of pores and fissures of high—rank coal based on

CT three — dimensional reconstruction [J]. Journal of China Coal



[12

“72- W 5 ok i ® 201949 A
Society,2017,42(8) :2 074-2 080. [16] LI Zhentao, LIU Dameng, CAl Yidong, et al.Multi-scale quantita-

[t

[l

[

[

QU Zhenghui, WANG Geoff G X, JIANG Bo, et al. Experimental
study on the porous structure and compressibility of tectonized
coals[ﬂ.Encrgy & Fuels,2010,24(5):2 964-2 973.

TRELSC, 2R /NGE R 1 R TS A B TR e [T . B SR} 2 itk
J#,2009,19(2) : 131-140.

JU Yiwen, LI Xiaoshi.New progress in the study of ultrastructure
of tectonic coal [J].Progress in Natural Science, 2009, 19(2) :
131-140.

SR AL B A R 2R R ST ] 241, 2001, 26 (1) «
40-44.

ZHANG Hui. Genetical type of pores in coal reservoir and its re-
search significance [J]. Journal of China Coal Society, 2001, 26
(1):40-44.

BT A5 IKRAE A AR AL ZE ) Y R T ) R AR O
[J]. b33, 2011,56(22) : 1 820-1 827.

YAO Suping, JIAO Kun, ZHANG KE, et al. An atomic force mi-
croscopy study of coal nanopore structure [ J].China Science Bul-
letin, 2011,56(22): 1 820~1 827.

AR, AR LR S S0 R A A R 25 48 /N A T
[J]. b33, 2017,62(21) :2 416-2 427.

ZHAO Yixin, PENG Lei.Investigation on the size and fractal di-
mension of nano—pore in coals by synchrotron small angle X-ray
scattering [J]. Chinese Science Bulletin, 2017, 62 (21) : 2 416-
2427.

IR, LY R, 55 ALK I AR BUR B B
BE SR [T ] B4R, 2005,50(17) : 1 884-1 892

JU Yiwen, JIANG Bo, HOU Quanlin, et al. Relationship between
nano—scale deformation of coal structure and metamorphic defor-
mation environment| J |.Chinese Science Bulletin, 2005,50(17) :
1 884-1 892.

WIRTH Richard. Focused Ion Beam (FIB) combined with SEM
and TEM: Advanced analytical tools for studies of chemical com-
position, microstructure and crystal structure in geomaterials on a
nanometre scale[ J |.Chemical Geology,2009,261(3/4) :217-229.
MATHEWS J P,CAMPBELL Q P,XU H, et al.A review of the ap-
plication of X—ray computed tomography to the study of coal []J].
Fuel,2017,209:10-24.

RIGEE, FEERN, 24, %8 2 T 3 CT RS 1 M98 it AL A 4
FAELT ] B4, 2013,38(3) :435-440.

SONG Xiaoxia, TANG Yuegang, LI Wei, et al. Advanced charac-
terization of seepage pores in deformed coals based on micro—CT

[J].Journal of China Coal Society,2013,38(3) :435-440.

[17]

[18]

[19]

[20]

[21]

[22]

tive characterization of 3—D pore—fracture networks in bituminous
and anthracite coals using FIB=SEM tomography and X-ray p—CT
[J].Fuel,2017,209(1) :43-53.

XN E e, b, Vit 5 BT X-CT EAR [ A 2 B it
JZARR T ERAEL) ] AR AR, 2017,45(3) 1 141-146.
LIU Yulong, TANG Dazhen, XU Hao, et al.Description of coal res-
ervoir heterogeneity under different lithotypes based on X-CT
technology [ J].Coal Science and Technology,2017,45(3) : 141-
146.

R TS XA, A T W CT M AS [ A 25 f A =
AEFLBRTANZRAEL) ) (5441, 2014,39(6) 1 1 127-1 132.

LI Wei, YAO Huifang, LIU Hongfu, et al. Advanced characteriza-
tion of three—dimensional pores in coals with different coal-body
structure by micro—CT[ ] |.Journal of China Coal Society,2014,39
(6):1127-1132.

TR A, BRAE A LR AU Z N SR S e SR AE
R Z T[] AT S5 T, 2018, 40(6) : 859-863.
WANG Jinghui, MEI Minghua, LIANG Zhengzhong, et al. Con-
trols and quantitative characterization of stress sensitivity for coal
seams [ ] |. Petroleum Geology & Experiment, 2018,40(6) : 859—
863.

e U, O, SRR, 45 2 RN U Y U R R 9K AL
BB B AT B [T ). K R AT il B 5 0T %2, 2018, 37(6) -
151-157.

HE Yanfeng,ZHAO Hongyu, DOU Xiangji, et al.Calculating mod-
el of the nano—pore permeability in the shale reservoir consider-
ing the stress sensitivity [ J ]. Petroleum Geology & Oilfield Devel-
opment in Daqing,2018,37(6):151-157.

WANG Yuzhu, RAHMAN Sheik S, ARNS Christoph H.Super res-
olution reconstruction of w—CT image of rock sample using neigh-
bour embedding algorithm [ J]. Physica A: Statistical Mechanics
and its Applications,2018,493(1):177-188.

JING Yu, ARMSTRONG Ryan T, MOSTAGHIMI Peyman.Impact
of mineralization on digital coal properties [J]. Energy & Fuels,
2017,31(11):11 558-11 568.

FEHERT, 5k 0%, BRLL2G, 25  BUR R A k)2 2 RUE 2R B
SERERAT T %278 LY ] AR U, 2018, 25(5) :30-34.
TANG Yangang, ZHANG Ronghu, WEI Hongxing, et al.Quantita-
tive permeability characterization of multi-scale fractures and its
development significance in tight sandstone gas reservoir[ J ].Spe-

cial Oil & Gas Reservoirs,2018,25(5) :30-34.

mig PR



