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Abstract: The origin of the high content of wet gases in coalbed seams is very important geologically,
especially in the Enhong syncline in China. The present study focuses on the role of the material that
generates the hydrocarbons. The effect of the pore structure on the generation of wet gases has not
been thoroughly examined. The present paper characterizes the coal pore structure in the “wet gas
area” and “dry gas area”. The pore structures in the two areas are shown to have different features,
which affect the distribution of the wet gases. With respect to the pore structure parameters, coals
in the wet gas area have a greater total specific surface area and pore volume in micropores. The
pore structure types also differ between the two areas: the pore structures in the dry gas areas are
mainly of the parallel type and reverse S type, which is favorable for the migration and dissipation of
coalbed gases. The pore structure in the wet gas area is relatively closed, with poor connectivity and
susceptibility to blockage. The micropore volume, total specific surface area, and the connectivity
of the pore structure significantly affect the reserve of wet gases. The adsorption capacity of the
micropores and the closed pore structure contribute to the preservation of wet gases.

Keywords: pore structure; wet gases; mercury intrusion porosimetry; preservation

1. Introduction

Coalbed methane (CBM) is gas stored in coal seams, with methane as the main
component, which forms a significant part of natural gas reserves [1]. There are abundant
CBM resources in China amounting to about 36.81 trillion m? in coals within a depth of
2000 m [2]. Coals in the Enhong syncline are also rich in CBM resources, with 61.3 billion m>
of CBM in coalbeds of depth less than 2000 m, with good prospects for their exploitation
and development [3,4]. The composition of CBM in Enhong syncline is characterized by
a high content of wet gases, which, in some locations, represents more than 30% of total
gases [5,6]. Coal seams containing a high concentration of wet gases are concentrated in
four zones with a NW-SE direction distribution in the Enhong syncline, known as the “wet
gas area” [6]. CBM outside these zones, known as the “dry gas area”, is almost dry and
contains little wet gas. The dryness (C;/(Cy + C; + C3)) is between 95.73% to 100% in the
dry gas area [7] and is as low as 85.47% in the wet gas area [8].

The coal pore structure has an important effect on the generation and formation of the
CBM reservoir [9,10]. The characteristics of pores include the specific surface area, the pore
volume, the pore type, and the pore size distribution [11]. Porosity plays an important role
in CBM extraction, gasification, and migration [12,13]. The coal structure deformation and
pore-fracture distribution of coal affect the coal permeability and the exploitation of the
CBM reservoir [14,15].

The coal pore structure can affect the coal gas content [16-18] and the coal hydro-
carbon content [19,20]. Chen investigated the relationship between the abnormally high
concentration of wet gases and the coal pore structures in anthracite from the Guizhou
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province and found that wet gases mainly occurred in closed holes [21]. The coals in the
Enhong syncline have considerable potential for CBM extraction. To investigate the effect of
the pore structure on the distribution of wet gases, the characteristics of the pore structure
in the Enhong syncline are analyzed.

The coal-bearing strata in the Enhong syncline are the Xuanwei formation of the upper
Permian (P2x) and are deposited in continental to marine-continental transitional facies.
The coal-bearing area is 485 km?. The thicknesses of the strata are between 200 m to 300 m.
Most of the buried depths of the strata are less than 1000 m. The lithology is dominated by
mudstone, sandy mudstone, fine siltstone, argillaceous sandstone, and coal seams. There
are 18 to 73 layers of the coal seam that have been developed in the coal-bearing strata,
most of which are thin and unstable. Coal seams No. 9, No. 16, and No. 23 are thick
and stable and are the main coal seams that have been used for early CBM exploration
and development. Analysis of cores indicates that most of the coal in the Enhong area
comprises bright coal and semi-bright and semi-dull coal, with some dull coal. Plant fossils
can be seen in the coal. The maximum vitrinite reflectance Ry max of the coal in the Enhong
syncline is between 1.14% and 1.88%, corresponding to medium-rank coal, ranging from
fat coal to lean coal. The ash content of the coal is generally less than 20% but is slightly
higher in the upper and lower coal seams. The volatile content in coal accounts for about
25% of the total content. Generally, the moisture content does not exceed 1% [22].

The geological structure of the Enhong syncline is relatively complicated (Figure 1).
The main structure is a large synclinorium, which is composed of the Enhong synclinorium
and the Pingguan-Daping synclinorium. The overall axial direction of the Enhong syncline
is NNE-SSW, but it has an SN direction in the north. The western boundary of the Enhong
syncline is the Fuyuan-Mile fault. The other boundaries include the bottom of the Xuanwei
formation and some boundary faults. The latest stratum is T;y-T»g in the syncline core,
which changes to T1f, T1k, Ppx, and P,3, P; in the syncline wing. The stratigraphic dip
angle is relatively gentle and the faults are widely developed. The fault strikes are mostly
in the NNE, SN, and NE directions. The Fuyuan-Mile fault in the northwest controls the
whole area. Affected by the boundary fault, the burial depth of the strata is deeper in the
northeast and shallower in the southwest.

The structure of coal in the Enhong syncline is relatively complex because of the strong
tectonism. The coal is mainly composed of primary structure coal and cataclastic coal and
contains granulitic coal and mylonitic coal in some regions. The coal is loose and fragile,
and developed a complex pore-fracture structure in it. Most of the fissures are filled with
calcite. The structure of coal has an important effect on the exploration and production
of CBM.
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Figure 1. Structure outline of Enhong syncline.

2. Samples and Methods

The composition of CBM is collected from 1208 boreholes drilled in the geological
exploration stage, in which 224 coal samples have a relatively high content of wet gases.
These wet gases concentrate in four zones which are called “wet gas area”. In order to
study the pore structure of the coals, 32 coal samples have been collected from coalmines in
the Enhong syncline. The 32 coal samples are from different part of the Enhong syncline.
Some samples are from the wet gas area and dry gas area respectively, and some are from
other places whose CBM composition is unknown.
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The coals in the wet gas areas are from the Daping coalmine, Hetaochong coalmine,
Laoshuzhuo coalmine, Xiangda coalmine, and Xinxin coalmine. The coals in the dry
gas area are from the Enhong coalmine, Jieke coalmine, and Nazuo coalmine. The CBM
composition of coals from the Alingde coalmine and Sipaier coalmine have not been tested.
The microscopic characteristics of these samples are observed under the reflected light of a
polarizing microscope (Figure 2). The Ry max 0f coals are tested by the microscope Imager.
M1m. The Ry max of coals are from 0.99 to 1.81, corresponding to fat coal, coking coal, and
lean coal. Coking coal is the main coal, accounting for the largest proportion.

EMR s
Figure 2. Microscopic pore and fracture features of coal samples.

The pore structure character is studied with the mercury intrusion porosimetry on the
32 coal samples. The mercury intrusion porosimetry determines the size and distribution of
pores by making the mercury overcome the surface tension and enter into coal pores under
external pressure. The mercury under greater pressure can enter into a smaller size hole.
The pore volumes of different pore sizes are tested by measuring the volumes of mercury
entering the coal under different pressures.

The mercury intrusion porosimetry is conducted in the Key Laboratory of Coalbed
Methane Resources and Reservoir Formation Process under the AutoPore IV 9500 type
Mercury Injection Apparatus (Figure 3). The maximum mercury injection pressure is
413 MPa while the terminational mercury withdrawal pressure is about 0.1 MPa. The
testing pore size scope is between 3 nm and 0.18 mm. The pore size is classified into
macropores (1000 to <100,000 nm), mesopores (100 to <1000 nm), transitional pores (10 to
<100 nm), and micropores (<10 nm) according to the standard set by Hotot [23].

Figure 3. The AutoPore IV 9500 type Mercury Injection Apparatus.

3. Results and Discussion
3.1. Pore Structure Parameters
Pore structure parameters include the pore volume, the pore-specific surface area, the

median pore diameter, and the porosity (Table 1). They have important effects on the gas
storage capability of coal and its permeability.
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Table 1. Parameter statistics of pore structure of coal sample, Enhong syncline.

Number of Coal Seam o 3 2 Medium Pore Porosity =~ Types of Pore =~ Mercury Withdrawal Area of
Samples No. Romax!% Ve (mm?*/g) St (m*/g) Diameter (nm) (%) Structures Efficiency (%) Samples
Dr1 10 1.45 36.5 17.748 9.4 4.40 I 81.92 wet gas area
Dpr2 10 1.42 31.8 16.023 8.9 3.95 1 85.22 wet gas area
HTC1 10 1.42 39.8 18.442 10.1 4.72 I 74.37 wet gas area
Lsz1 8 1.40 443 18.532 129 5.18 1 69.53 wet gas area
LSz2 8 1.48 39.2 17.811 10.5 4.93 I 86.73 wet gas area
LSZ3 9 1.59 67.6 25.461 16.9 7.50 I 70.12 wet gas area
LSz4 9 1.72 58.9 21.524 20.9 6.83 I 72.67 wet gas area
XD1 4 1.06 38.4 15.097 16.3 5.05 v 61.98 wet gas area
XD2 4 0.99 26.6 10.941 133 3.93 1 92.11 wet gas area
XX1 7 1.36 92.5 17.127 150.9 10.71 v 60.54 wet gas area
XX2 7 1.14 68.8 19.564 43.2 8.14 A% 59.74 wet gas area
XX3 8 1.43 44.5 20.509 10.2 5.31 I 62.25 wet gas area
XX4 8 1.38 53.7 13.692 450.7 6.41 A% 42.46 wet gas area
EH1 8 1.46 43.3 17.556 14.2 5.06 I 74.36 dry gas area
EH2 9 1.65 73.7 16.439 325.9 8.50 v 47.22 dry gas area
EH3 9 1.78 60.4 16.664 218.4 7.07 v 50.83 dry gas area
EH4 14 1.73 26.8 11.263 13.1 3.60 I 65.30 dry gas area
EH5 14 1.69 25.8 9.939 155 3.54 1 63.57 dry gas area
EH6 15 1.62 71.0 11.463 249.8 9.25 v 28.31 dry gas area
EH7 15 1.69 69.9 15.708 102.5 8.27 v 60.09 dry gas area
EH8 16 1.76 34.7 15.936 10.4 4.23 1 73.49 dry gas area
EH9 16 1.81 40.0 16.178 14.1 4.83 1 70.75 dry gas area
JK1 11 1.28 61.3 15.402 1174.2 7.82 I 43.39 dry gas area
JK2 11 1.41 47.6 14.790 349 6.39 11 47.06 dry gas area
NZ1 4 124 31.9 11.978 17.8 4.23 I 68.03 dry gas area
NZz2 4 1.28 31.1 11.245 18.8 4.16 1 70.10 dry gas area
ALD1 9 1.07 37.9 13.312 23.5 4.80 I 56.73 unknown
ALD2 9 1.31 36.0 13.437 18.9 4.84 1T 64.44 unknown
ALD3 11 1.28 30.1 13.441 111 3.75 I 72.09 unknown
ALD4 11 1.28 33.9 16.500 9.4 4.23 1 82.60 unknown
SPE1 8 121 32.1 11.263 20.7 4.45 I 61.37 unknown
SPE2 8 1.44 58.1 18.588 29.0 6.74 11 62.31 unknown

V = the total pore volume; S; = the total pore specific surface area; types of pore structures: I—parallel type,
II—reverse S type, Ill—angular type; IV—double S type; V—double curvature type.

The total pore volume is the volume of all the pores contained in per unit weight
coal. It is an important parameter to reflect the gas storage capacity of coal and the degree
of damage to the coal seam. The total pore volume in the Enhong syncline is between
25.8 mm?/g and 92.5 mm?3/g, an average of 46.5 mm?3/g. The average value of the total
pore volume in the wet gas area is 49.4 mm3/g, while it is 47.5 mm3/g in the dry gas
area. The total pore volumes in the two areas are very close. There is not much difference
between them.

The pore-specific surface area is the internal surface area of pores contained in per
unit weight coal. It is closely related to the particle size, shape, surface defects, and pore
structure of coal. Generally, coal with a larger pore-specific surface area has a stronger
adsorption capacity. The total pore-specific surface area in the Enhong syncline is between
9.9 m?/g and 25.5 m?/g, an average of 15.7 m?/g. The total pore-specific surface area
in the wet gas area is from 10.9 m? /g to 25.5 m?/g, an average of 17.9 m?/g. It is from
9.9 m?/g to 17.6 m? /g in dry gas area, an average of 14.2 m?/g, which is distinctly lower
than that in the wet gas area (Figure 4). Coal with a more pore-specific surface area has
better adsorption capacity, which is conducive to the storage of wet gases.

The median pore size is the average pore size corresponding to half of the total pore
volume. It is an important parameter to reflect the distribution character of pore sizes. The
median pore size in the Enhong syncline is between 8.9 nm and 1174.2 nm, an average of
96.8 nm. It is between 8.9 nm and 450.7 nm in the wet gas area, an average of 59.6 nm, while
it is from 10.4 nm to 1174.2 nm in the dry gas area, an average of 170.0 nm. The median
pore size is obviously smaller in the wet gas area (Figure 5). It reflects that pores of smaller
size in the wet gas area account for a larger proportion.
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Figure 5. Histogram of median pore diameter.

Porosity is the percentage of the total pore volume to the total coal volume. Mercury
injection test is used to study the porosity (pore size between 3 nm and 0.18 mm) of coal
samples. Porosity in the dry gas area is between 3.5% and 9.3%, an average of 5.9%. It is
between 3.9% and 10.7% in the wet gas area, an average of 5.9%. There is not much
difference between the two areas.

According to the pore structure parameters above, there is no significant difference
in the total pore volume and the porosity between the dry gas area and the wet gas area.
However, the median pore diameter and the total pore-specific surface area in the two areas
are distinctly different. Coals in the wet gas area have more total pore-specific surface area
than coals in the dry gas area under the same pore volume (Figure 6). Coals in the wet gas
area have smaller values of median pore diameter than those in the dry gas area under
the same pore volume (Figure 7). It indicates that coals in the two areas contain a similar
number of pore volumes, but have different distributions of pore size.

Under the same pore volume, coals with smaller median pore diameters have a larger
proportion of smaller size pores such as micropores. Coals with a larger proportion of
micropores and more pore-specific surface area have stronger adsorption capacity on
coalbed gases. This adsorption capacity is beneficial to the conservation of coalbed gases.
Coals in the wet gas area have a bigger total pore-specific surface area and smaller median
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pore diameter. It indicates that coals in this area have stronger adsorption capacity and
conservation facility of wet gases.

100
90 + 2
80 + £
70 + =~
- n
60 +
50 +
40 +
30 +
o
20 + odry gasarea
m wet gas area
10 + St (m¥g)
0 f t t t t i
0 5 10 15 20 25 30

Figure 6. Relationship between total pore volume and pore surface area (Lan et al., 2020).
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Figure 7. Relationship between total pore volume and median pore diameter (Lan et al., 2020).

3.2. Pore Structure

The pore structure is divided into macropore, mesopore, transitional pore, and microp-
ore according to its size [23]. The pore structure of coal in the wet gas area is dominated by
micropores, with an average proportion of 43.1% (Table 2), followed by transitional pores,
with an average of 26.9%. The proportion of macropore and mesopore are 17.5% and 12.5%
respectively. The pore structure of coal in the dry gas area is also dominated by micropores,
with an average proportion of 39.0%, followed by macropores, with an average of 24.1%.
The proportions of transitional pore and mesopore are 23.8% and 13.1%, respectively.

Table 2. Statistics of pore structure of coal in Enhong syncline.

A Volume of Macropore (mm®/g)  Volume of Mesopore (mm?/g) Volume of Transitional Pore (mm?3/g) Volume of Micropore (mm?®/g)
rea

Min Max Avg Min Max Avg Min Max Avg Min Max Avg
Wet gas area 3.3 20.2 8.6 1.6 38.1 74 7.1 24.3 12.9 11.7 27.2 18.9
Dry gas area 4.0 252 10.8 13 255 71 5.9 19.2 10.0 10.8 18.9 15.1

Though micropore is the main pore size in both areas (Table 2), the proportions of the
pores are very different. Coals in the wet gas area have larger proportions of micropore and
transitional pore. The adsorption pores composed of micropores and transition pores with
pore sizes smaller than 100 nm account for 70.0%, which is conducive to the occurrence of
coalbed gases. Coals in the dry gas area have a lot of macropores, which are beneficial to the
migration of coalbed gases. The proportions of mesopore in both areas have little difference.
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In the results of the mercury intrusion porosimetry, the shape of the mercury injection
curve and mercury ejection curve can reflect the characteristics of pore size distribution,
pore connectivity, and pore structure [19,24]. The relationship between the pore size and
the phase pore volume can clearly show the proportion of pore volume in different pore
size ranges (Figures 8 and 9). According to the curve of mercury injection and ejection, the
pore structure of coal in western Guizhou and eastern Yunnan province is divided into
five types by Li [14]. The five types of pore structures have different pore characteristics.
There are four types of pore structures in the Enhong syncline: parallel type, reverse S type,
double S type, and double curvature type (Figures 8 and 9).
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The types of pore structures are classified by the characteristic of mercury injection
and ejection curve, and the distribution of the stage pore volume (Figures 8 and 9). In the
parallel type, the mercury injection curve and the ejection curve are linear and nearly
parallel to each other in most sections. Their volume difference at the same pressure point is
very small. The change of stage pore volume with the increase in pore size is very uniform.
In the reverse S type, the mercury injection curve shows an inverse S shape. The main
sections of the mercury ejection curve decrease linearly. The stage pore volume decreases
first and then increases with the increase of pore size, and reaches its minimum value at
the transitional pores and mesopores stage (Figure 9). In the double S type, the mercury
injection and the ejection curve are S shape and inverse S shape respectively. The stage
pore volume increases first and then decreases with the increase of pore size, and reaches
its maximum value at the mesopores stage (Figure 9). In the double curvature type, the
mercury injection and the ejection curve are a downward convex arc shape. The stage pore
volume decreases exponentially with the increase in pore size.

The pore structure in the Enhong syncline is mainly parallel type. Coals with parallel-
type pore structures are mainly primary structural coal and cataclastic structural coal. Pores
are mainly micropores, followed by transitional pores. The pore volume of mesopore and
macropore is small, and the change of the stage pore volume with the pore size is relatively
uniform. The mesopores and macropores with pore diameters greater than 100 nm are
not developed. The stage pore volume from macropore to micropore grows similarly to
a stepladder. The porosity and pore volume are very low. The mercury ejection curve is
similar to the mercury injection curve. The mercury removal efficiency is very high, which
indicates that the number of pore throat connected with pores is small.

Though the pore structure of coal in the wet gas area and dry gas area are both mainly
the parallel type, the pore size distributions of the two areas are different in this type
(Figure 10). The pore volume curves of micropores and transitional pores in the wet gas
area are significantly higher than those in the dry gas area (Figure 10). The macropore in
the dry gas area are relatively more developed.
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Figure 10. Plots of pore volumes to pore structure of four types of pore structure coals.

The pore structure of reverse S type and double S type mainly appeared in the dry
gas area (Figure 10). Coals with reverse S type are mainly primary structural coal and
cataclastic structural coal. In this type, the macropore and micropore are well-developed,
followed by the transitional pore (Figure 10). The volume of the mesopores is the least.
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The pore volume of this type decreases first and then increases with the increase of pore
size, and reaches the lowest value at the transitional pole and macropore stages (Figure 10).
In the reverse S type, the values of porosity and pore volume are relatively high. The
mercury withdrawal efficiency is also high, which reflects that the pore connectivity of coal
is good. The reverse S type in the wet gas area also has the characteristic of well-developed
micropores and transitional pores.

Coals with pore structures of the double S type are mainly mylonitic structural coal
and mortar structural coal. In this type, the pore size is dominated by mesopore, followed
by macropore and transition pore. The proportion of micropore is the least (Figure 10).
The stage pore volume increases first and then decreases with the increase of pore size,
and reaches its maximum value at the mesopore stage (Figure 10). Due to the abnormal
distribution of pore size, the values of porosity and pore volume are very high, but the
mercury withdrawal efficiency is relatively low. It indicates that the pore connectivity of
this type of coal is poor.

The double curvature type mainly appears in the wet gas area. Coals with this type of
pore structure are mainly mylonitic structural coal, wrinkle structural coal, and squamate
structural coal. The pore size is dominated by transition pores, followed by micropores.
The development of mesopores and macropores is relatively poor. The stage pore volume
tends to decrease with the increase in pore size. Mercury withdrawal efficiency of this
type is relatively low. The pore of the coal is relatively closed. The connectivity of the pore
is poor.

3.3. Effect of Pore Structure on the Concentration of Wet Gases

The effect of pore structure on the concentration of wet gases and gas outbursts
has attracted extensive attention in coal geology and gas geology. The concentrations of
wet gases in the structural coal of gas burst area are obviously higher than that in the
primary structural coal of non-gas burst area [25,26]. Chen et al. found that wet gases
can be preserved in the closed pores of coal by analyzing the pore structure of anthracite
in Guizhou province of China [21]. A closed pressure system and lacking exchange with
external materials make the closed pores protect the wet gases from being cracked by high
temperatures. Just as inclusions can protect the organic matter in it. Thus, the thermal
evolution degree of bitumen in the inclusions is lower than free bitumen in the same
layer [27].

Pore structure plays an important role in the occurrence of wet gases. Compared
with the coal in the dry gas area, the coal in the wet gas area has a larger pore-specific
surface area, larger pore volume of micropore and transitional pore, and less pore volume
of macropore. The coal can absorb organic hydrocarbons because of the active substance
on the surface. Hydrocarbon gases with larger molecular weights are easier to be absorbed.
The quantity of the gases absorbed by the coal is related to the pore-specific surface area and
the distribution of pore size. The micropore which has the characteristic of chemisorption
is the main absorption space in coal. It has great effects on the composition of hydrocarbon
gases [26,28,29]. Therefore, more micropores and pore-specific surface areas in the coal of
the wet gas area make the coals in this area have more adsorption capacity of wet gases.
This will contribute to the preservation of wet gases.

The pore structure also plays a crucial part in the preservation of wet gases through
pore connectivity. The mercury withdrawal efficiency could reflect the diameter ratio of
the pore throat and the influent property of coal [30,31]. In the four pore types above, the
efficiency of the mercury ejection decreases from parallel type, reverse S type, and double
S type, to double curvature type. It indicates that the pore connectivity of coal becoming
worse from parallel type to double curvature type. Coals of parallel type and reverse S type
have high efficiency of mercury ejection and good pore connectivity. These characteristics
are beneficial to the occurrence and permeability of CBM. Coals of double S type and
double curvature type are usually badly broken and have bad pore connectivity. The pores
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are usually strongly closed, which are unfavorable to the migration and loss of coalbed
gases. Therefore, these pore types are beneficial to the preservation of wet gases.

The coal of a parallel type in the Enhong syncline is mainly composed of primary
structure coal with weak structural deformation. The pores in the coal are mainly primary
pores or gas pores. This type of coal usually has fewer pore throats and better connectivity.
However, the porosity and the pore volume of this type of coal are relatively low, and
the seepage holes greater than 100 nm are relatively undeveloped. These features are not
beneficial to the migration of coalbed gases and also increase the closure of pores in the
coal of wet gas area, who has well-developed micropores and transition pores.

The coal of reverse S type has well-developed macropores and microcracks, which
increase the porosity and pore volume of coals. Coal of this type has better pore connec-
tivity, according to the relatively high efficiency of mercury ejection. The pore structure is
conducive to the occurrence and seepage of CBM. This type of pore structure occurs mainly
in the dry gas area.

Coals of double S type or double curvature type have a large number of microscopic
exogenous pores, such as crushed pores and friction pores. The primary pores are also
deformed and reformed by tectonic stress. Such pores have small pore volumes. The
low efficiency of mercury ejection indicates the poor connectivity of pores. The seepage
holes are not developed and the coals are easy to block. The well-developed micropores
and transition pores are conducive to the adsorption and enrichment of coalbed gases.
Therefore, these two types of pore structures are not conducive to the migration and
dissipation of coalbed gases. They are liable to result in the enrichment and concentration
of wet gases.

The pore structure types of coal in the dry gas area are mostly parallel type and
reverse S type with good openness and connectivity. These pore structures with better
connectivity are conducive to the evacuation and migration of wet gases, which makes
the wet gases difficult to preserve very well. The pore structure of coal in the wet gas
area is relatively closed. Though it is mainly the parallel type in the wet gas area, the
volume of the micropore and the transitional pore is obviously larger than that in the dry
gas area. Coals in the wet gas area also have the double S type and double curvature
type pore structure, which is characterized by closed pores. Their bad connectivity and
well-developed micropores and transition pores are beneficial to the preservation and
enrichment of wet gases.

4. Conclusions

1. Coals with different concentrations of wet gases in the Enhong syncline have different
pore structures. In the pore structure parameters, the total pore volume and porosity
are not very different between the wet gas area and the dry gas area, but the total
pore-specific surface area is more and the median pore size is lower in the coals of the
wet gas area. The pore size distributions of coal also show the difference. Coals in the
wet gas area have more volume of the micropore and transition pore, while coals in
the dry gas area have more volume of macropore relatively.

2. Pore structures are divided into four types: parallel type, reverse S type, double S
type, and double curvature type according to the mercury injection and ejection curve.
Pore structures in the dry gas area are mainly parallel-type and reverse S type, which
is favorable for the migration and dissipation of coalbed gases. Pore structures in the
wet gas area are relatively closed. Coals in the wet gas area have the double S type
and double curvature type pore structure, which are characterized by closed pores
and bad connectivity.

3. The quantity of the micropore and specific surface area and the connectivity of pore
structure has important effects on the preservation of wet gases. The higher specific
surface area of micropores and more pores make the coal have a stronger adsorption
capacity of wet gases. The pore structure with better connectivity is conducive to the
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evacuation and migration of wet gases, which makes them difficult to preserve well.
The pore structure with strong sealing is beneficial to the preservation of wet gases.
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