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Analysis of coal permeability model and influencing parameters based on
volume strain
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Abstract: To investigate the evolution of coal permeability during the process of gas pressure change, four different forms
of permeability models were derived based on the correlation between mesoscale parameters of coal representative ele-

mentary volume (REV) and strain-related characteristics. The reliability of the models was verified using experimental
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data, and the variation law of strain caused by effective stress and adsorption strain was analyzed and compared with clas-
sical permeability models (P-M model, S-D model, Connell model). The sensitivity of model parameters was discussed,
the relationship between REV mesoscale parameters and fracture porosity and permeability was clarified, and the influ-
ence mechanism of adsorption strain coefficient was analyzed. Furthermore, the extreme values of permeability of major
coal mines in China were studied. Results show that for the four permeability models derived in this paper, the REV
volume strain satisfies a linear relationship with its fracture volume strain, and the correlation coefficient is the initial frac-
ture porosity. The bulk modulus and adsorption strain coefficient control the influence of effective stress and adsorption
strain on permeability, respectively. Under three different experimental conditions of constant confining pressure, con-
stant pore pressure, and constant differential pressure, the four permeability models have shown a better matching effect
on the experimental data compared with the classical permeability models. However, compared with single-parameter fit-
ting, the parameter error in the double-parameter fitting (bulk modulus and adsorption strain coefficient) is larger. From
the sensitivity analysis of parameters, it is observed that when the parameters change within 10%, the predicted permeabil-
ity deviates significantly from the true value. Therefore, for the double or multiple-parameter fitting of permeability mod-
els, the parameter fitting errors could lead to serious distortion of the predicted permeability results. Taking the experi-
mental data of coal samples from the Qinshui Basin as an example, the mesoscopic scale parameters a, and b, of REV
were calculated to range from 1.73 to 46.31 um and from 0.06 to 0.49 pm, respectively. Under constant confining pres-
sure and constant differential pressure conditions, the adsorption strain coefficient was related to differential pressure, gas
types, and initial fracture porosity. Furthermore, the extreme values of CO, gas and CH, gas in major coal mines in China
are within the ranges of 0.94—5.33 MPa and 1.06—6.94 MPa, respectively.

Key words: permeability; REV; multi-experimental condition model; parameter sensitivity; adsorption strain coeffi-
cient
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Table 1 Basic characteristics of permeability experimental data for four groups

[38-40]

Sy G SE S TR M £ e S SR 1AL Sl /MPa
s Expdatal [l 3 MPa biEEART CH, 0.30~1.85
Expdata2 [l 6 MPa B CH, 0.10~3.00
_ Expdata3 Fil [ 10 MPa Monte SinnifJ” CO, 0.49~7.75
(TN
Expdata4 FEl 10 MPa Monte Sinni#J” N, 1.01~7.36
=2 4HEBHENEMESH
Table 2 Property parameters for four groups of coal samples
His LB RDS401 /% K/MPa /1072 b/MPa”! a
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Expdata3 PINI4: 0.42 7.78x10 4.900 0.380 0 1.00
Expdata4 PINI%: 0.42 7.78x10° 1.700 0.0519 1.00
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Table 3 Matching parameters for permeability model based on REV volume strain

k Vﬁﬁﬂ k V/,*%E:u
S
K,/MPa n R K,/MPa fn R

Expdatal 9.66x10° 0.83 0.9 1.00x10* 0.80 0.9

Expdata2 4.03x10* 0.41 1.00 7.81x10* 0.39 1.00

Expdata3 9.19x10° 0.16 0.99 9.23x10° 0.16 0.99

Expdatad 4.11x107 2.67 1.00 4.15x10” 2.64 1.00
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Table 4 Matching parameters for permeability model based on REV fracture volume strain
kR0 e 7R
%i's
Ky /MPa Jvot R Kp/MPa Jvp2 R

Expdatal 4.11x107 19.43 0.9 4.25x10° 18.88 0.99

Expdata2 2.75x10° 5.97 1.00 5.32x10° 5.71 1.00

Expdata3 3.86 39.16 0.99 3.88 38.96 0.99

Expdata4 1.73 636.05 1.00 1.74 628.20 1.00

*5 WMESHENGFRRERHIRE
Table 5 Bulk modulus and errors for fitting and calculation

%S K{/MPa(ky 571) Ko/MPa(ky, 15 5) K} MPaky710) K /MPa(kg, 1571) ex/%
Expdatal 9.66x10° 1.00x10* 9.67x10° 1.00x10* 37.50~39.63
Expdata2 4.03x10* 7.81x10° 4.03x10* 7.80x10* 2032.28~4 032.28
Expdata3 9.19x10? 9.23x10? 9.19x10? 9.24x10? 18.12~18.77
Expdatad 4.11x10° 4.15x10° 4.12x10° 4.14x10 46.66~47.17
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Table 6 Fitting values and errors for adsorption strain coefficient
G Sy F57) il R0 Sy Cheg550) S U K2 ef%

Expdatal 0.79 0.77 18.65 18.15 3.90~5.06
Expdata2 0.47 0.45 6.81 6.57 12.33~13.33
Expdata3 0.21 0.21 49.42 49.51 20.76~23.81
Expdata4 0.83 0.84 198.36 200.01 214.08~221.69
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Table 7 Fitting parameters for CONNELL, P-M and S-D models
CONNELLAEHUHRY CONNELLY. Jy #i P-MA5H S-DFEER!
i
Cy/MPa ! y y C,/MPa ! C/MPa !
Expdatal 1.77%1073 18.57 0.77 1.00x1071 3.93x1073
Expdata2 2.12x1071 5.84 0.44 1.00x107"3 9.20x107
Expdata3 1.87x10°" 27.30 021 8.64x107* 1.00x1073
Expdata4 1.86x107" 98.80 0.84 8.49x107 8.13x107
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pressure condition

Table 8 Property parameters for experimental coal samples
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1 gy A55RYFT CONNELL 37 5 BEAUX H, kgy A5ERUTT L) RIS [42] [21] [43] [43]

ARG s FAF 5 125 R B FL e (9722 A ML T FLDE BE R
HA 2 2T CONNELL 37 7 #8, CONNELL 37 J5 5
B/ RAUCH 091, HiZBEAITER LB (p=4 MPa) 1] 3.1
Wl TBERRN

3 it ey

SHBBRES

G54 2.1 WP SR R B ke, B DEREAEIR,



2750 2 3 F 1#® 2024 4F4 49 ¥
1.00 - o S KHER) Lor o S AER)
— kb ke
----- CONNELLA. 75 5 5! .- CONNELLAYJj 7
0.75 F 0.8
K=191 MPa(k; 5 71) K=281 MPa(k;H7H)
- R>=0.98 R>=0.96
= 050 =061 °
oas | 04} .
K=195 MPa(CONNELL 377 # )\ o K=287 MPa(CONNELL 7 fURY)
R=0.98 |, . . . 0.2 LREZ0.96 . . . .
1 2 3 4 5 6 1 2 3 4 5 6
pi/MPa pi/MPa
(a) CO,55%, L1 MPa (b) N385, fLH1 MPa
5 @ LR key B2 CONNELL 37 R H
Fig.5 Comparison of k;, model and CONNELL cubic model under constant pore pressure condition
Lor o gmpprpen Lof e
— kB kbt
Y — CONNELLIHZR | N\ = CONNELLSZ; U4
09 i — Somal
" 5=14.98(k, FE L)
Sr=19.05(k, f5 7Y 1$3=0.98 ’
_ 06f R>=0.95 - ‘~
< <08
=2 ~2
04}
071
02+  /  TS=sgiaeol — SRR RS
7=0.75(CONNELLSZ /7K 06l klg‘ ggCONNELLiﬂ’@‘) -
R*=0.91 ° ° ’ ’ e
0 1 2 3 4 5 0 1 2 3 4 5 6 7

p/MPa
(a) COzi%? ﬁ}jﬁ2 MPa

p/MPa
(b) N,358, %2 MPa

6 HAEZE AN ki, ASRUFT CONNELL S7 5 BRIt L
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