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Influences of matrix-fracture interaction on permeability evolution:
considering matrix deformation and stress correction
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Abstract: Studying the permeability of coal seam is of guiding significance for the applicability and feasibility of rational
mining of coalbed methane and other energy sources. A large number of current permeability models are established based on
the elastic and adsorption strains. However, these models often treat the matrix as a rigid body and assume that the adsorption
deformation is fully regulated by the fracture aperture when considering these two strains. The matrix deformation is neglected
in predicting permeability, and the effect of adsorption swelling is also overestimated. Therefore, a new permeability model is
proposed to predict reservoir permeability under different boundary conditions. The model proposes an internal expansion
coefficient f'to correct the effects of matrix adsorption on fracture aperture and external stress, and considers the deformation
behavior of the fracture and matrix under the effective stress. To compare the effects of matrix deformation and stress
correction on permeability, the three models for permeability under different boundary conditions are validated through the
field data and laboratory data by comparing the model without considering stress correction and the model without considering
the deformation of the matrix itself. The results show that the stress correction has a more significant effect on the permeability
evolution under uniaxial strain, and that the model without consideration of both the stress correction and the deformation of the
matrix will obtain higher internal expansion coefficient f. Finally, the proposed model is further compared with four classical
models to illustrate again its superiority.
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BRI, BeAh, 1E 6 AT Az, FL
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Table 1 Field data measured in Fruitland coal seam in San Juan

Basin
Wt o IO D
W1 W2 A3

H1 1.8 4.85/7.2 3.12/16.5 2.43/20.6
H2 6.2 4.61/1.7 3.52/2.7 3.04/2.9
#3 53 4.52/4 3.03/18.5 2.07/28.3
H4 2.1 3.38/9.3 2.88/9.6 2.21/16.2
#5 9.1 3.2/10.6 2.48/14.5 2.05/23.5
6 2.1 2.98/11.5 2.11/24.3 1.96/28.8

% 2 #l& Fruitland KRS EZHIEMARNSH
Table 2 Parameters used for matching permeability data of

Fruitland coal seam

5 [ X
E 29020 FEIKI 7 A & (MPa)
Em 8143021 LR IR A% & (MPa)
v 0.351 JEIRA B
L 430 BI2UK [5 71 (MPa)
L 0.01266!! BB R AR AR
bo 1x10°6 ZBFHJE (m)
5o 0.0121 BE 7 98 JE (m)

2.2 BHRFHTEERERNEIE

I DA A R A RURTT B Al 52 A 45 BE AR i 3t 3 AU
filt 2 TR RIAA T A6 o PRI, ) Bl AR 2% AR AL
RABAE—HF, AR VIR EH LM N Fruitland
BEZ I 6 AN FHBdxs 3 AR AT T IS E R AR

10?

10!

ITHAE. B S oA 3 MER S EHR MBI A 4R, 5
Bl 4 AHEL, AL 121 5ER 1-22 (R4 FE A A
A, HAERE SIS RN E R & T | RS E R 2=
S, D R UME IE R IR AL IR B B B
o SR BB AR S T LG A SRR, B 1-
21 AEEAY 122 fEAREAS mEAMBERERE
/N BEAR, R 2-2 TEFLIRE I R B IE R T R
TR, TEFLIRE S BARE 52 R 0 BT HoAth
AR, XIS HARE A BRI B R 2

Kl 4, 5 PEFEAINEEK RS £ Wk 3 fr
TNo (ERMN AR KA NARALD 1-12 WA FTSH £ ETF
BIEEREAL 111 LAIME K 1.46%, SR1TX P RE Y
Frfg i) fAEZ 2200 /N TAR 2-1 S8 1-11 i 2
[R5 ZE 7.87% HERFAZRM T 3 AMEEELT 6
AN TFEEAEINE BT f B 5l AR 2 A (1 S AR
HARRE, BPEEA 2-2 FTfR FECPIIERAE 121 K
16.3%, ezt THA 1-22 SRR 121 Frf8H £ 1
P ZEME 0.16%
2.3 ([EEBEEEHTEERER AL

B B A A 13 RIBERY 2-3, R
FH Robertson!"*!7E 51256 % N H FRHGE AR IS Anderson
01 1 Gilson 02 A FEMIAHCEAR HATIOUE . [FIAFERY,
BT R B TR 2 R B 3 J5R RN 4 B PN LR R A S
Anderson 01 F1 Gilson 02 A£G 45 5 Al
6, 7, WMAEFTHNZEMEWE 4 Fisl. WK e,
7 ATAL, R 1-3 XSGR I A IR AT, SRR Y
2-3 HIJCTRE R LIl A S0 N I A . A A

102 &

o FRIRBGBEE <« FF2MBGR R o 3BT
— B I1-1BA MK \ — HIRI-118 A LR ' — BI1-118A LR
) - —— R 1- 128 A MR \ - —— M- 1284 LR O\ T R85 i
NS BRI 1404 2% oo BER- A R 100 NG BRI -1 2R
wl TS
10° I 107! I
0 1 2 3 4 5 6 17 0 1 2 3 4 5 6 1
p/MPa p/MPa
102 ¢ 103
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Fig. 4 Matching curves of field data with model under uniaxial strain
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Fig. 5 Matching curves of field data with model under constant volume
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Table 3 Values of f of different wells under uniaxial strain and constant volume
S AR AR KA AR
) R 1-11 R 1-12 R 2-1 A 1-21 R 122 R 222
FH 1 0.1020 0.1040 0.1995 0.0800 0.0800 0.1545
F 2 0.3525 0.3795 0.4310 0.0720 0.0745 0.0930
3 0.1875 0.1940 0.2475 0.1025 0.1040 0.1520
FH 4 0.1425 0.1460 0.2250 0.1035 0.1045 0.1630
5 0.2575 0.2710 0.2900 0.1300 0.1320 0.1450
36 0.1995 0.2065 0.3070 0.1455 0.1470 0.2725
% 4 BRI ARHASEE )
Table 4 Fitting parameters used in models
pt gmpe  BIZURIE BIZURARBANA BERIIERA L WEIFE SRR
* E/MPa p, /MPa g v /(10 5m) /m
Anderson 01 1379 6.11 0.00931 0.35 1 0.01
Gilson 02 1379 6.11 0.00765 0.35 1 0.01
Sulcis & 1120 7.25 0.04900 0.26 1 0.01
" y . — s 26
RERWIHAY 1-3 BERGAR LT A TN 7L 18 5E BElIS  i8 i 24l = Gilson02
SRV AR 22+ B304 2R
SR ES 2.0 - - - B3I R
15 1.8
14} ¢ Aderson 01 . 1.6
sl O 13002 2R <4
’ - - - -3 LA AR < lob
08F -~
2 0.6 Tl
3 041 it
= 0.2}
0 1 2 3 4 5 6

p/MPa

7 FERKEERN Gilson 02 BiIERHMIAMREIIB S X F

Fig. 7 Fitting relationship between model and experiment

permeability data for core Gilson 02 using pure CH4 gas
6 PR Anderson 01 SIERHBIESEBEMIE X R
+ 4>
Fig. 6 Fitting relationship between model and experiment 3 gl:l % %n -LTJ- 1&%
permeability data for core Anderson 01 using pure CH4 gas R X B T AR A OG AR A 45 BT tes e, Rk
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HERRE B2 38 /N T2 FE B AN B S TR i L A Y . [A]
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— PR AU B I P IO 2 A A4 e i R P B ek
AR ARG, HOE S s I AR 1 2 LU
FME. SR Shi ZEUOM i 8780 f) S 22 S (R B 3
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A, S-D #R, P-M R T . N T DU
PR PR, IR T 5] A 1 7% RE A K
REBERIAT X IG, @ Xy L-R BRI, Bk
R FIPIEASHAUAE SR 2, HpRR
P S HCAAE . Pini BRI SHNE 4 1
Sulcis %5, #IUHIE F11E N 3.76 MPa. @it % S-D fi
A, C-B MR ZERREAETE . P-M BRI FLBR E DA K.
L-R PRI fr 22 67 1 AR 25 A 1 15 5 4 1k SR R B e £
PILE R . AR HENE 5, kg Rk
8, 9 K.
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Fig. 8 Comparison of four common models with new models

under field conditions
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Fig. 9 Comparison of four common models with new models
under field conditions

K 8 UM AL B B i & 452R, hEw]
B, HIENIEZIK R B0 1-11, 1-12 F1 L-R BiAY
XPEEE AR R R AL T AR . A, 3 M
R Bl B 05 T AR R? 23 ik B T 0.9616,
0.9594, 0.9567. &MU AFEEEZ R IRAWT: 3
MR RN K R B, (BB 1-11 1E
SR [ B =% R R A A 808 0 T A3 T R B f2
KRS S HMETE, TR 1-12 ) 208 T IR PR R
FITUERR A, BT L-R A [H] i 200 5 57 7F
JS2 37T HIAZ T AR Bt SR A R AT UE IE . 1B 9 J9fEE
LS SR A T 4 Ao s S a6 Bodis 9 & BB, TRBT R
R 1-3 X SRR B, RPIEE] T 0.9972.
L-R AL Hm O S R RZ, RPIAE] T 0.9885.
C-B BN S-D R84 1 BE 405 % 5 Vi 9 1 2

®5 4 MERERRLRFH THUE SR

Table 5 Fitting parameters of four models under different boundary conditions

A 5 S-D A C-B A P-M # A L-R 5%
) ) ) Cr=0.02031 MPa'!
k2 =0.0967 MPa ! =0.2339 MPa ! =9.16x10 *
7] Cr=0.0967 MPa Cr=0.2339 MPa $=9.16x10 Ae=0.0039
o ] - Cr=0.2926 MPa'!
L) C=0.01 MPa'! C=0.001 MPa ! $:=0.01

Ae=1.69x10°
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