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structure and permeability model

LI Bobo"*? ,WANG Bin' , YANG Kang' ,REN Chonghong', YUAN Mei"*, XU Jiang*
(1. College of Mining , Guizhou University , Guiyang 550025, China; 2.National Joint Engineering Laboratory for Utilization of Dominant

Mineral Resources in Karst Mountain Area ,Guizhou University , Guiyang 550025, China; 3.State Key Laboratory of Mining Disaster Prevention and

Control Co—founded by Shandong Province and the Ministry of Science and Technology ,Shandong University of Science and Technology,

Qingdao 266590, China ;4. State Key Laboratory of Coal Mine Disaster Dynamics and Conirol ,Chongqing University , Chongqing 400044, China)
Abstract: In order to explore the linkage relationship between the pore fracture structure and permeability characteristics of coal and rock,
scanning electron microscopy, polarized light and fractal methods were used to analyze the distribution characteristics of coal and rock pore
and fracture structure, and the self-developed outlet end positive pressure triaxial seepage device was used to carry out the seepage test of
pore pressure increase under constant effective stress conditions. Based on the fractal theory, and considering the influence mechanism of
coal surface pore distribution on coal permeability.The coal permeability model considering the fractal characteristics of pores and fractures
was established and the rationality of the test was verified by experiments and the fractal dimension and permeability coupling under the
fracture of coal pores were quantitatively analyzed. The results show that; (D The surface of coal in Liupanshui mining area contains a cer-

tain number of pores and fissures.Sijiaotian No.7 coal seam has the best development of pores and cracks, with two clear and large cracks,
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accompanied by a large number of intersecting micro—cracks. Pores are developed, and the coal and rock structure is seriously damaged.

@) The distribution of pores and cracks in coal rock has obvious fractal characteristics through box dimension method and the porosity of

coal rock is positively correlated with fractal dimension. ) Under the condition of constant effective stress, the permeability of coal rock

decreases sharply with the increase of pore pressure then tends to be gentle. Affected by the pore and fissure structure, the permeability of

coal rock is obviously different under the same pore pressure. The more complicated the pore and fracture structure of coal and rock sur-

face, the larger the fractal dimension, which is helpful for gas migration and the permeability is on the rise. @ The calculated values of

the coal permeability model considering the fractal characteristics of the pores and fractures are in good agreement with the measured val-

ues. Compared with the previous research results, both the applicability of the theoretical mechanism and the matching of the test points

are more applicable and it reflects the linkage relationship between pore pressure and permeability.

Key words : scanning electron microscope; pore and fissure structure; box dimension; permeability of coal and rock; pore diameter; frac-

tal characteristics of pore and fissure; pore pressure
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Fig.1 Electron microscopy of coal rock surface(5 000x )

Hi M SEM [EIR] R0 DU £ R 7 S 1520
SRR LR R E RAF, B 2 ZR0E M 58
BRI, A R 58 UM AL R &, fL
SRRV AH B DT A SRR AT 3
SHERESA 1 5TATI 8 RO 25 B0
SR> WAL A . AR pya T 8 S5 SR
R YCR, JTCH B ALABR, 3 N L2
BRESFAETE I I 22 S5, FE AR [R] B R KT H BLE
AR IR/INVFIH B2 45 S B FL B B2 245 100 4% 1 1) i
WYEAFAEZE 5
3.2 BaEkwl.oESHm

WA SR —Fh TR HAL R BRE5 H Rr i G2 it
A F A EARRIE 15 B TR B vl R B IR
P EMGERAE, B 00 A 7 52 SEM EIR
([l 2a) S AWGo BT 1S B A L AL 5 A N
2b FIR o TREEAFZ A E R bR RS | 8 5 3

A AT A LB R S LR A s 2]
AIRREE FLERBR AL [ S A R 3 15 2 FL i
P, B AR ARAL BEAT 2 1 FLR BRI B AN 2¢
JI7R o HCHE G AE RT3 B X AL BB 3 S P A T
3T BT RIRGHERDY 8~ 32, WS H R 3515

(a) SEM (b) FLABREEHIIE (o) FLALBLL G
B2 WAEMT T 5 SR B AT A R & (5 000x)
Fig.2 Crack analysis process of No.7
coal hole in Sijiaotian Coal Mine(5 000x)

FEJL R 500.,2 0005 000 50T, 125208 4%
KEVNGTFH A 00 £ I 7 S ERA ARk
WD 8 SRS MIET 3 SHEEEA . o
TE A E0RT LA 1T S et LR A & B L
VU A 7 S0 2 T8 A B0 K, I AL
KM E A, XSRS AT, th
PEAFLBRIMERLE RS Fakies R fLABR i B
AERI T TN LB S A AT AR IEADCOC R
PRI, A AE BT LAAR -t e fE LR % B AR
3.3 AREIBEATHESSESN

RV 5B E R Z M NERR,
MR IR R TR IR, E B R R AL
Bt 71 AR Al £ an B 3 TR

351 —a DU B 7B
3.0 —— RN 852
—— AT RER 3 B2

0 04 08 12 16 20
p/MPa
A3 MersdiZMiILREANEMX R
Fig.3 Curves of permesbility of coal rack as a
function of pore pressure
H I 3 AT AEAR R FLBR ) T B i3 A7
eI 255 AR L BRZ5H & Bl 5 BB E
KN, YR S 1E E I EE 5 15 R L BUE Ty
s B2 RIS BT P2 ry R, XS 3R
A TR AT 0 . —  THARALBR R T B I
BV P AR, JEA B 20 R A D 1) IR B AR T LB
229



2021 4F55 2 1A

AR FHRK 4 49 %

JITt e I R BE T i | FLRLBR I FLIS R I R
BURSE K , A% FL 8 il aE A /N, 55— 7 T
FLB s g AP T ot 28007 Y 3%, L it s g 3 R0
JRSBONIIB S , S B AR . A, BEE FL B
i FTRIHER  JRERA TR B A T4, S i SR A
AT AL BTN

4 BREZBERRBRIE

R TS R 5 B A A £ 30
P RERALIE R o AL A AE 7, AN
DARAS (12) AT BRI BB ko 04
BB AT ) R AL 1 198 i 5t
BRI E B by (CA BRI (X(17)) .
ot 546 RS BV B LU B (3
(13)) BRI 5 5 0 L
SRANFE 4 R, PiE BB RO 1,

3.51
. Rl

sop " B
——- LUKV 508

k107 pum>
[S]
(=]

0 0.I4 0i8 112 l‘.6 2..0
p/MPa
K4 WAHAERYT 7 E5RETRSERER I &
Fig.4 Comparison curves between different permeability
models and experimental values in Sijiaotian No.7 coal seam
®1 RESYXL

Table 1 Comparison of model fitting parameters

I DU ) A AR i pE M A
HeUR 7SR 8 B2 352
LUk Cr=1.6672 C,=13110 C,=1.166 9
E 20 v=12.56% v=12.57% y=13.80%

€y =0.001 0 Cp=0.171 3 Cy =0.000 4
it
sk a=0.578 1 a=0.966 0 a=2.856 5
il
5 5=0.495 6 b=0.995 4 5=2.340 1
y=3.83% ¥=5.57% v=9.60%

TP 4 TN 1 AR 25 B AL R B T AR AR Y I
BB AR Y G SR A 45 2R ) 515
U, ARG S Wi A 8000 1 LB 1 58
BERMENKFR, 1 LU BERR % AL B I 4
B R O, R 18 1 R B AL B 1 22 AL AN B
B BRI BG RE RS LR
Aii , WA 0B B AR AR B RONORS B A9 J7 i% , °F
230

LR IR FE y B — 2 R W B i AR R A
P IR, 25 EAL 2B R ik A S 18 1 R A
TCTE A BRI AL IR A I i S %) 12050 5 1 DT e T T
B EINE A

5 & i

1) BRI XA FL R B v R Ay, B
B L, HA FLBR R 5 0 IR HE R IEAH G
KA A 2 LR I3 A A 2R I 53 TP 4 2508
R, B RS e 5 A B 2 B AL RAL , R4
AFLB K 0 B0, A Bl T BU IS £ = 18] B A7 5
1B,

2) TEE A RN T A AE T, B LB R T
TR HE KA T T 0 500 8 T B AT R
BiERE S BRERIR B TS ZALRER
SERFLE FEARR FLBR I FI 26 AF | R AL B 44+
KEAR, B @R WAV 2R

3) HESL T HIESL BRI AR Y5 R
PR BRI RS A & B, MR dERR
RIS A R FLRBUL T IR IO, FLBRE (B &
REGNICHRI R IEMCKR

23 3L HR ( References)

[1] HUANG Q, LIU S, WANG G, et al.Coalbed methane reservoir
stimulation using guar — based fracturing fluid: a review [ J].
Journal of Natural Gas Science and Engineering,2019,66:107 -
125.

[2] JI W,SONG Y, JIANG Z, et al.Fractal characteristics of nano—
pores in the Lower Silurian Longmaxi shales from the Upper Yan-
gtze Platform, south China[ J]. Marine and Petroleum Geology,
2016,78:88-98.

(3] ™ w0, E 25,8 ANFETHIVHEISHAR A BUR

MALBRESAGI S AT 52 [ 1] BB B2 H R, 2018, 46 (8) : 99 -
106.
GAO Shang, WANG Liang, GAO Jie, et al.Experimental study on
pore structure of hard coal with different metamorphism based on
fractal theory [ J ]. Coal Science and Technology, 2018, 46 (8) ;
99-106.

(4] ABERMG, PR TR IR, 56 35T SEM (WIEFH LB B RO 25 14
FREWFE[ )] 60 1% 5 TR ,2016,35(9) : 1805-1814.
ZOU Junpeng, CHEN Weizhong, YANG Diansen, et al. Study on
microstructure characteristics of low—rank coal in Hunchun based
on SEM[ J].Chinese Journal of Rock Mechanics and Engineering,
2016,35(9) :1805-1814.

[5] LIU K, OSTADHASSAN M, GENTZIS T, et al.Image analysis of
the pore structures: An intensive study for Middle Bakken[ J].
Journal of Natural Gas Science and Engineering,2019,61:32-45.

(6] ¥ VL3 M, 2V, SF MR TR AL 55 5
RERABAFTT [ T]. 54 F12%5 TR, 2012,31(4) .



PRI A A LRSS IR R IE BB B R A LA 7T

/

2021 4F55 2 #

[10]

[11]

[12]

[13]

[14]

681-687.
XU Jiang, YUAN Mei, LI Bobo, et al.Experimental study of rela-
tionships between metamorphic grade , pore characteristics and per-
meability of coal[ J ].Chinese Journal of Rock Mechanics and Engi-
neering,2012,31(4) :681-687.
YU Q,DAI Z,ZHANG Z,et al.Estimation of sandstone permeability
with SEM images based on fractal theory [ J]. Transport in Porous
Media,2018,126.701-712.
SEIDLE J P,JEANSONNE M W, ERICKSON D J. Application of
matchstick geomeltry to stress dependent permeability in coals[ R].
SPE Rocky Mountain Regional Meeting, Wyoming, 1992.
IR BT B R, B RR R B S R A Y G R
(J] A4 002 5 TR, 2002, 21 (10) £ 1452-1456
HU Yaoqing, ZHAO Yangsheng, YANG Dong, et al. Relationship
between permeability and fractal dimension of coal mass [ J].
Chinese Journal of Rock Mechanics and Engineering, 2002, 21
(10) :1452-1456.
PALMER 1, MANSOORI J.How permeability depends on stress
and pore pressure in coalbeds:a new model [ R].SPE Reserv.
Eval.Eng.1998,1:539-544.
SHI J Q,DURUCAN S.Drawdown induced changes in permeability of
coalbeds ; A new interpretation of the reservoir response to primary re-
covery[ J].Transport in Porous Media,2004,56(1) :1-16.
LU S,CHENG Y,LI W.Model development and analysis of the e-
volution of coal permeability under different boundary conditions
[J].Journal of Natural Gas Science and Engineering,2016,31;
129-138.
PIECHACZEK M, MIANOWSKI A.Coke optical texture as the
fractal object[ J].Fuel,2017,196.59-68.
AR Z AL st B - e AT PRt g [ 1]y 2 ik
J,2003,33(3) :333-346

[15]

[16]

[17]

[18]

[19]

[20]

[21]

YU Boming. Progress in fractal analysis of transport properties of

porous media[ J]. Advances in Mechanics, 2003,33(3) ;:333-
346.

CHEN X,YAO G.An improved model for permeability estimation

in low permeable porous media based on fractal geometry and

modified Hagen—Poiseuille flow[ J].Fuel,2017,210.748-757.
PENG X, YU B. Developing a new form of permeability and
Kozeny — Carman constant for homogeneous porous media by
means of fractal geometry [ J]. Advances in Water Resources,
2008,31(1) :74-81.

P LIRS, TR A A TS R Y
WF5EL]. b 22 ARl 241, 2017,27(6) 1139144,

LI Bobo, YANG Kang, XU Peng, et al. Study on permeability

=

model of coal and rock under thermal and thermal coupling condi-
tions[ J].China Safety Science Journal,2017,27(6) :139-144.
WU Y,LIU J S,CHEN Z W,et al. A dual poroelastic model for
CO, - enhanced coalbed methane recovery [ J ]. International
Journal of Coal Geology,2011,86(2/3) :177-18.

CONNELL L D, MAZUMDER S, SANDER R, et al. Laboratory
characterisation of coal matrix shrinkage, cleat compressibility and
the geomechanical properties determining reservoir permeability
[J].Fuel,2016,165:499-512.

W R M, R TRREE T FLBRE T A i
FEPERGSE AL )] MR, 2017,42(8) - 1403-1412.

LI Bobo, YANG Kang, YUAN Mei,et al.Mechanism of pore pres-
sure on coal flow seepage characteristics at different temperatures
[ J].Earth Science,2017,42(8) :1403-1412.

YAO Y,LIU D,TANG D, et al.Fractal characterization of seepage—
pores of coals from China: An investigation on permeability of

coals[ J].Computers and Geosciences,2009,35(6) :1159-1166.

231





