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Pore structure characteristics and full-scale characterization of coal reservoirs in

the Laochang mining area
HU Binbin', ZHANG Xiaoyang'?, LI Kang', ZHANG Shasha>’, WU Caifang’, ZHANG Junjian'
(1. College of Earth Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2. MOE Key Lab of Coalbed

Methane Resources and Reservoir Formation Process, Xuzhou 221008, China; 3. College of Safety and Engineering, Henan Polytechnic University,
Jiaozuo 454003, China)

Abstract: Chinese coal reservoirs are characterized by “Three High and One Low”, and the pore structure of coal is an important factor af-
fecting the permeability, the degree of drainage difficulty and the subsequent drainage mode. In order to accurately characterize the full
scale pore size structure of coal, three methods of high pressure mercury injection, low temperature liquid nitrogen and carbon dioxide ad-
sorption are used. Based on the compressibility correction of the high pressure mercury injection experimental data, combined with the
fractal theory, the dominant pore size characterization sections of different experimental methods are analyzed, and the full scale joint
characterization of 10 groups of coal samples in Yunnan Laochang mining area is realized. The results show that: The compression coeffi-

cient of coal matrix ranges from 7.061 79x10"" to 1.23531x10"'° m*N, and the cumulative mercury intake after correction is reduced by
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15.89% ~ 27.82% compared with that before correction, with an average of 21.65%. The coal matrix begins to be compressed when the
mercury injection pressure reaches 0.7 MPa. Irreversible damage occurs when the mercury injection pressure reaches 14.3 MPa. In the li-
quid nitrogen adsorption experiment, the pore volume increases gradually with the increase of the pore size on the whole, the pore area
tends to be stable and the adsorption volume is small, and the pore adsorption rate is the fastest. The overall rate decreases with the in-
crease of the pore size. The adsorption volume curve and differential curve of carbon dioxide adsorption experiment stage are basically
consistent, and the pore volume decreases with the increase of pore size. The mercury injection fractal curve can be divided into three sec-
tions. When 1gP; > 1.1, the fractal dimension reaches the maximum, and the coal matrix suffers irreversible compression failure. The low
temperature liquid nitrogen adsorption fractal curve takes P/P, =0.5 as the boundary line. The fractal dimension of 2—5 nm pore size is
between 1.93—2.92, with an average value of 2.57. The fractal dimension of 5—100 nm pore diameter is 2.16—2.76, with an average value

of 2.49, indicating strong heterogeneity. Based on the three experimental results, with 1.5nm and 100nm as the splicing points, the coal

samples are dominated by micropores with pore sizes ranging from 0.41nm to 0.86nm, with the largest proportion of pore volume.

Key words: laochang mining area; correction of compression; pore structure; joint characterization; fractal dimension value
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Fig.1 Structural outline and sampling location map of the study area (adapted from reference [13])
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Table 1 Basic parameters of coal samples

v BRI R % B W% XY Way o RSy TEEmR WYL 1% B/
PRl R R mav  gomal LM% A Vu%  FC/ TRLGR AALGR (gem)
15 13 2.65 75.68 24.32 2.67 10.12 7.18 83.43 9.90 90.10 1.34
25 748 23 89.09 10.91 2.61 8.23 7.68 84.73 12.88 87.12 1.33
35 16 2.19 81.37 18.63 2.30 12.97 8.29 79.82 10.71 89.29 1.43
4% 2 2.72 86.67 13.33 2.54 13.55 9.26 78.45 11.59 88.41 1.41
5% 3 2.67 79.07 20.93 1.75 14.94 9.72 76.80 14.46 85.54 1.40
65 3 2.53 88.83 11.17 1.98 21.39 16.79 65.41 19.64 80.36 1.48
75 9 2.95 64.35 35.65 1.90 8.83 8.39 83.53 5.63 94.37 1.46
85 8 2.84 77.73 22.27 1.80 8.34 7.98 84.35 5.35 94.65 1.38
9% 3 2.77 84.19 15.81 2.34 4.47 6.99 88.85 3.01 96.99 1.46
105 9 2.83 80.04 19.96 2.30 5.42 8.56 86.49 343 96.57 1.46
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Fig.2 Curve before and after coal samples compressibility

correction
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Fig.4 Low-temperature nitrogen adsorption and desorption

isotherms of coal samples
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Table 2 Experimental results of Low temperature nitrogen adsorption porosimetry

Hﬁﬁﬁ*ﬂ/(mz-gfl)

B BIELEAL 48 LAY (g ) T /m e %
(em™g ) BET#: BIHM
1852 0.799x107 0.4885 0.087 0.5317 8.26 67.23
25 0.485x10°° 0.1598 0.048 0.174 8 13.74 80.86
35 0.719x10 0.4298 0.407 0.3309 7.18 81.49
45 0.637x107 0.400 4 0.213 0.3872 7.47 71.39
55 0.630x10°° 0.1255 0.064 0.1409 21.59 88.58
6 0.648x10 0.1582 0.066 0.1713 17.84 86.12
75 0.715x107 0.2141 0.107 0.207 8 14.48 87.08
85 0.684x10°° 0.164 6 0.083 0.1587 17.75 88.71
95 0.848x10 0.3103 0.188 0.2916 11.93 84.60
105 0.795x10 0.1804 0.089 0.1832 18.83 89.90

34 HEER

JER B IEH, 10 REAFLBRSS ) 43 T8 45X
BORRRL, AR PEAS R FLAR RO G FHE DL B I8 5 [
i ME R TE 5L, 43 T8 4022 545 W A 1) IX B
JELLgP=0.5. 1gP;=1.1 Ml S 3 B, 1gP=0.5
XF 7 (9L A2 298 2 000 nm, %R 3 R 1R 0.70
MPa; 1gP;=1.1 I X N i FLAE 20k 100 nm, X R i K
JE 7170 1430 MPa( 4] 8) . M1gPi<—0.5, Bl E R & 7
<0.7 MPa I}, HAAE(E (132 5/, 3 303 1) 35 o e 4
RN FEAS AT DL Z 6, R oK 1 AT AR Ay S oK o
24-0.51gP,<1.1, BP#E5KR F 1A 0.70 ~ 14.30 MPa A,
X — B B o AEAE A TG R, JE 0 © 2T 4R 32 21 R 46 5
M1gP >, S YHEIR B R K, X BB C 452 5N
AL RN, LRSS P AR5 2 24, Xt 25
M 3R SRR AR B R 22—
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RV 2R B 3 1) 43 TF 4 DA In [ln(PS/Pj)]=
—0.33CXF R AIXTE J1o8 0.5) 10 U, K02 i 2 X
I3 R E R AR, IR0 51000, 0, R E KX
OrHE SRR X EE, Q, EERIE 2~ 5 0m IR
IFLARAE S TR AR B, Q, FEEFRAE 5 ~ 100 nm FLIZHY
X EAEEE (B 9) o & R X (P/P>0.5) 7 4E{H O,
TE 1.93 ~ 2.92, 448 2.57; IR X (Py/P<0.5) 77 4
HQ, 78 2.16 ~ 2.76, F-2 4y 2.49, #AKE I} 0> 0,,
UEHH 2 ~ 5 nm FLAREEH 73 A W6 S A2 4, HLAR Y ot
FLRTF 5 ~ 100 nm FLARAYAES BPE (R 3, & 10)
3.5 £REHHE

3 Ry 2 T RE R AE A FLAR YE A A AR R, —
AR I FAEFLAR N 0.3 ~ 1.5 nm, IRIRE A
W BFI R F AEFLAR M 1.5 ~ 100.0 nm, 75 JE AR 32,
A>T nm, AR AW B 5 5 e R AL AR I
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