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Study on fractal characteristics of seepage pores of coal reservoirs in

Hedong Mining Area of Urumqi
YANG Shiyu"?,YAO Yanbin'?, WEI Ren®,ZHANG Jingyi'’
(1.School of Energy Resources, China University of Geosciences( Beijing) , Beijing 100083, China; 2.Coal Reservoir Laboratory of National
Engineering Research Center of CBM Development & Utilization , Beijing 100083, China

3.School of Earth and Space Sciences, Peking University, Beijing 100871, China)
Abstract: In order to accurately describe the coal seam seepage pore characteristics from Hedong mining area in Urumqi, combined with
the mercury injection test and coal quality analysis test,a section fractal method was used to quantitatively discussthe pore structure charac-
teristics and influencing factors of seepage pores in coal reservoirs, and then coupledwith the porosity and pore structure to evaluate the
permeability of coal reservoir.The results show that the pore structure of No.43 and No.45 main coal seams in Hedong mining area are more
complex but the connectivity is better. The mercury intrusion curves of samples from No.43 coal seam show similar mercury saturation and

high mercury removal efficiency, indicating that micropores and macropores are relatively developed. The maximum mercury intrusion satu-
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ration in samples from No.45 coal seam is between 45% and 85% and the mercury removal efficiencyis low, revealing that the micropores
are dominantly developed. It is concluded that the permeability of No.43 coal seam is better than that of No.45 coal seam.The fractal di-
mension of coal seepage pores ranges from 2 to 3, showing that there are obvious fractal features in medium and large pores, and the aver-
age fractal dimensions of the mesoporous (D, ) are commonly higher than those of the macroporous (D, ). It is concluded that the meso-
pores are more complex than the macropores in the studiedcoal reservoirs.The macropore fractal dimension decreases with the increase of
the the vitrinitecontent and ash yield, but it increases with the increase of the inertinite content, and it presents an inverted " U" correla-
tion with the increase of moisture content in the coal. The permeability of coal is determined by the coupling of seepageof both porosity and
pore structure. In the 95% confidence interval, the macropore porosity (P, ), mesopore porosity ( P,) and fractal dimensions are strongly,
moderately and weakly correlated with permeability respectively, and fractal dimensions D, and D, have a weak correlation. Based on sup-
port vector machine method, the porosity and fractal dimension of the seepage pores are trained as independent variables to calculate coal
permeability. The calculated permeability fits well with the experimental results with a goodness—of—fit. It is concluded that the coupling

results of seepage pore porosity and pore structure can be effectively used to evaluate the coal reservoir permeability in the study area.

Key words: coalbed methane ;reservoir physical properties; mercury intrusion test; fractal characterization; permeability
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Fig.1 Structural geological map of Hedong mining area
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Table 1 Industrial analysis and porosity test results of samples from No.43 and No.45 seams in Hedong mining area

11 11

) 7 Jupnay 3 P
BEf T s ALPRR I/ BIRAL e W ERA
&/ pum <0.1wum  0.1~1 pm >1 pm T/ %
W2-43-1 10.30 4.71 44.04 16.14 39.82 60.08 3.92 8.30 34.20
W2-43-2 12.10 5.33 48.92 16.39 34.69 48.50 2.30 4.72 34.18
W3-43-3 7.35 0.02 68.61 21.33 10.06 73.20 2.98 3.12 30.92
W3-43-4 11.20 0.05 40.39 24.24 35.37 70.50 2.62 18.80 14.69
W3-43-5 5.47 0.01 76.66 20.99 2.35 68.80 2.52 17.40 28.10
W3-43-6 3.68 0.01 73.45 13.50 13.05 65.20 2.84 1.44 32.83
W6-43-7 16.40 11.20 62.54 10.98 26.48 40.60 0.73 8.46 29.85
W7-43-8 7.80 0.27 54.77 42.70 2.54 67.70 0.72 36.80 42.06
W7-43-9 26.60 7.41 21.27 21.14 57.59 — 0.69 7.36 38.57
W7-43-10 18.60 2.01 26.36 32.48 41.16 — 0.73 10.80 36.45
W8-43-11 8.90 0.04 61.04 38.96 0 66.60 0.20 10.20 36.62
W8-43-12 14.60 0.07 38.81 33.97 27.22 69.20 0.51 7.39 40.05
W8-43-13 7.80 0.04 32.26 41.18 26.56 62.60 0.40 1.19 34.14
43 SRRV 11.60 2.40 49.93 25.69 24.38 63.00 1.63 10.46 33.28
W2-45-1 2.40 0.24 88.76 6.84 4.40 50.60 2.02 3.86 36.88
W2-45-2 2.80 0.53 89.05 5.12 5.83 53.30 2.00 0.85 32.69
W3-45-3 8.20 0.03 62.55 10.49 26.96 77.50 2.38 10.30 33.20
W3-45-4 11.40 0.07 20.64 11.50 67.86 76.00 2.56 4.24 29.20
W3-45-5 18.60 0.08 45.57 21.92 32.51 — 2.44 6.67 32.96
W3-45-6 12.40 0.06 43.09 22.42 34.49 82.00 2.28 7.58 31.55
W3-45-7 12.70 0.06 36.44 27.72 35.84 87.00 2.14 4.44 27.60
W3-45-8 8.25 0.04 39.35 17.64 43.01 78.00 2.02 5.90 28.28
W6-45-9 11.80 6.39 70.50 10.67 18.83 55.80 1.21 1.93 29.07
W6-45-10 8.00 0.25 60.49 38.19 1.32 55.80 1.00 2.60 31.87
W6-45-11 4.30 5.43 72.83 7.58 19.59 55.80 0.29 5.76 36.43
W7-45-12 9.20 0.50 65.06 26.23 8.71 — 0.43 9.36 35.56
W8-45-13 7.00 0.03 60.51 35.21 4.28 — 0.76 3.49 36.50
W8-45-14 15.20 0.09 27.49 41.65 30.86 — 0.70 9.36 36.38
W8-45-15 8.20 0.04 23.93 18.13 57.94 — 1.25 7.06 31.32
45 SHETH 9.46 0.90 53.97 20.74 25.29 65.82 1.64 5.40 32.80
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Fig.2 Pore size distribution and physical properties of No.43 and No.45 coal seams
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Fig.4 Mercury intrusion fractal curves of In V and In( P-P,)
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Table 2 Fractal dimension of large and mesopores in No.43 and No.45 coals in Hedong mining area

s D, D, K/1073 pum? i D, D, K/1073 pm?
W2-43-1 2.871 2.405 1.22 W2-45-2 2.780 2.798 0.01
W2-43-2 2.846 2.444 0.45 W3-45-3 2.842 2.877 0.11
W3-43-3 2.710 2.808 0.10 W3-45-4 2.939 2.869 1.24
W3-43-4 2.813 2.477 0.78 W3-45-5 2.856 2.495 10.22
W3-43-5 2.444 — 0.20 W3-45-6 2.800 2.722 0.56
W3-43-6 2.647 2.537 0.01 W3-45-7 2.593 2.693 0.51
W6-43-7 2.840 2.950 1.90 W3-45-8 2.836 2.089 0.11
W7-43-8 2.106 — 0.44 W6-45-9 2.796 2.745 0.16
W7-43-9 2.853 2.392 78.55 W6-45-10 2.259 — 0.52
W7-43-10 2.720 2.073 10.44 Wo6-45-11 2.870 2.925 0.05
W8-43-11 2.103 — 0.22 W7-45-12 2.629 2.629 0.19
W8-43-12 2.678 2.205 0.85 W8-45-13 2.564 — 0.10
W8-43-13 2.677 2.137 0.31 wW8-45-14 2.659 2.269 0.69
W2-45-1 2.816 2.858 0.04 W8-45-15 2.888 2.767 0.45
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Fig.5 Relationship between fractal dimension of large pores and reservoir parameters
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Fig.8 Relationship between pore characteristics and permeability of coal samples
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