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The theory of coalbed methane distribution controlled by tectonism is a hot issue in the field of geofluid-geotectonic interaction
research. Taking the geological structure in the scale range of the 1302 working face of a Guojiahe wellfield in a Yonglong
mining area as the background, this paper focuses on the basic research problem of the influence of geological structure on the
control of coal reservoir gas content and uses a THM coupling model to analyze the change of coalbed gas content and
distribution characteristics of different tectonic positions. The change of CBM content and permeability in the anticline,
syncline, and faults is analyzed. Accordingly, the variation distance of gas content and reservoir permeability controlled by
tectonism of different geological structures is quantified to provide guidance for the selection of CBM-favorable areas. The
research results show that the gentle dip syncline hinge zone is a potential gas-rich area with heat preservation and low
permeability, while the gentle dip anticline hinge zone is a gas-poor area with low temperature and low pressure and high
permeability. The thick coal seam zone of the syncline hinge zone is the potential gas accumulation zone, and the high-
permeability area is near the fault plane of a normal fault. The coal matrix near the normal fault is subjected to tensile tectonic
stresses to form tensional fissures, and the coal seam in the fault plane area is susceptible to coalbed gas dispersion and increases
the permeability of the coal reservoir. The variation distance of gas content and reservoir permeability controlled by the normal
fault within the Guojiahe wellfield is 37m and 54m from the fault plane, respectively.

1. Introduction

The influence of geological structures on the gas content of
coal seams is a hot issue in the field of interaction between
geological fluids and geological structures. Therefore, it is of
great theoretical significance and engineering application to
study the characteristics and changes of coalbed methane
(CBM) distribution under geotectonic settings. The pub-
lished research results show that the “generation, accumula-
tion, and preservation” of CBM is not only closely related

to the ground stress, coal seam buried depth, and paleo-
geothermal and gas generation history under the control of
tectonic evolution [1–6] but also influenced by the joint effect
of formation pressure, lithology of surrounding rock, and
microstructural characteristics of a coal reservoir [7–13],
which means that when the environmental conditions such
as temperature, stress, and seepage of coal reservoirs change
due to tectonism, the gas content and its distribution charac-
teristics in coal seams will change. Therefore, the deposition,
generation, and preservation of CBM under the tectonism
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are the key criteria for CBM enrichment and reservoir forma-
tion, which is an important guideline for the efficient devel-
opment of CBM.

The theory of CBM distribution controlled by tectonism
integrates coalfield geology, gas geology, and fluid mechanics
disciplines. Many domestic and foreign research results and
findings have shown a close relationship between geological
structure and gas content [14–16]. It is generally agreed that
there is a clear pattern of CBM occurrence in a folded zone
[17–19]. The results of CBM enrichment investigations in
the Yangquan mining area in the Qinshui Basin, the Fuxin
mining area in northeast China, the Pingdingshan mining
area, and the Hancheng mining area in China all indicate that
the syncline tectonic area has significant gas-rich characteris-
tics [16, 18, 20–22]. With the great attention to the safe and
efficient exploitation of coal seams in China in recent years,
the technology of CBM exploitation and extraction has been
developed; in particular, the basic theoretical research results
on pore-fissure seepage and reservoir properties are fruitful
[23–27]. In particular, numerical simulation, X-ray CT scan-
ning, scanning, and hydraulic permeability enhancement
methods have been widely used in the evaluation of reservoir
properties and production enhancement technology [28–33].
However, the physical condition (temperature, permeability,
reservoir structure, etc.) of a reservoir has been less consid-
ered in both CBM extraction and utilization technologies
and mine gas management. In order to quantitatively study
the relationship between multiphysical field changes and tec-
tonic types in coal reservoirs, we start from considering the
joint effect of temperature, stress, and seepage fields inside
coal seams. In this paper, the coupled thermal-hydraulic-
mechanical (THM) numerical model is used to calculate
the variation law of CBM content, reservoir pressure, tem-
perature, and permeability parameters in different tectonic
positions and to propose favorable conditions suitable for
the efficient development of CBM in the Guojiahe wellfield,
which has certain engineering research significance.

2. Geological Structure and Gas Control
Characteristics of the Study Area

2.1. Overview of Geological Tectonics in the Study Area. The
study area is located in the northern part of the Weibei flex-
ure belt first-grade tectonic unit in the southern part of the
Ordos Basin and belongs to the Binchang depression third-
grade tectonic unit. Under the influence of the Indonian-
Yanshanian period near north-south tectonic movement,
several dip folds have been developed in the Guojiahe well-
field [12]. The axial dip direction generally extends along
the north-east-east or near east-west direction, with the dip
angle of both limbs ranging from 3 to 10°, showing a gentle
dip fold tectonic pattern. There are three large-scale folds in
and around the study area, namely, the Getousi anticline in
the south of the wellfield, the Liangting anticline in the west,
and the Caizigou-Zhangbagou syncline in the east-central
part of the wellfield (Figure 1). The Jurassic structure is gen-
erally a gentle dip fold in the NE-NEE strike direction, with
little variation in occurrence, accompanied by a small number
of tension faults in the near east-west direction. The coal-

bearing rock system of the Jurassic Yan’an group is in angular
unconformity contact with the Middle Triassic strata of the
Tongchuan group, and the overlying Jurassic groups have an
obvious inheritance in terms of sediment thickness and sedi-
mentary pattern. The no. 3 coal seam in the Yan’an group is
the main mining coals with thickness ranges from 0.55 to
26.8m, with an average of 11.88m. The CBM content ranges
from 0.17 to 5.00m3/t, with an average of 2.48m3/t [26].

2.2. Investigation of the Gas Content of Coal Seams in the
Study Area. The Guojiahe wellfield has developed a synsedi-
mentary fold, and the coal seam in the axial part of an anti-
cline is thin, which often does not have CBM preservation
conditions. A gentle dip syncline is mostly developed in the
area, and the coal seam in the axial part of a syncline is
thicker, which has good conditions for gas generation; the
larger the dip angle of the two limbs of the syncline, the easier
it is for CBM to escape; the smaller the dip angle of the two
limbs, the fracture is not developed or the reverse fault is
developed, which is more favorable for CBM preservation.
In the large scale of the gentle dip syncline, due to the devel-
opment of normal longitudinal fault and secondary folds on
both limbs, CBM is easy to escape along the faults on both
limbs and the fractures at the top of the secondary anticline.
Therefore, the best-preserved CBM is often located in the
secondary syncline part of the syncline. In order to clarify
the influence of the secondary structure on the gas content,
this paper analyzes the gas content in different structural
parts of the no. 33, no. 15, and no. 16 prospecting lines (as
shown in (Figure 2). In prospecting line no. 33, the gas con-
tent in hole G33-5 of the axial part of the syncline is larger
than that in hole G33-3 of the two limbs, larger than that in
hole G33-7 of the anticline limbs with a normal fault part,
and larger than that in hole G33-6 of the axial part of the
anticline (Figure 2(a)). In prospecting line no. 15, the gas
content of drill hole G15-3 in the deep part of both limbs of
the syncline is greater than the gas content of drill hole
G15-2 and drill hole X21 in the shallow part of both limbs
(Figure 2(b)).

Based on the CBM preservation conditions, the anticline
structure can be divided into three basic types: symmetric
anticline, asymmetric anticline, and secondary anticline. In
the symmetrical anticline type, the fractures at the top of
large anticlines are densely developed, forming a gas trans-
portation channel. Therefore, the axial part of the anticline’s
gas content tends to be poor, while the gas content becomes
better in the direction of both limbs and plunging part. If
the intensity of tectonic extrusion and deformation increases,
leading to the development of a reverse fault system in the
anticline axis, it is to a certain extent favorable to the preser-
vation of CBM and its gas content is better. The top of the
asymmetric anticline is mostly developed with tensile frac-
tures, and the CBM is often better preserved in the slow limb
because the reverse fault blocks it. The gas-bearing property
of the no. 16 prospecting line in the syncline-flexure-
anticline with normal fault part drill hole G16-4 shown in
Figure 2(c) is greater than that of the axial part of syncline
X27 drill hole, which is greater than that of the gentle dip
syncline limbs G16-3 drill hole and G16-5 drill hole.
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The two limbs of the syncline or anticline develop a
tensional normal fault, which destroys the coal seam’s con-
tinuity. The low gas content tested in the 33-33′ survey
borehole shown in Figure 2(a) indicates that the methane
escaped in large quantities along the fault or deteriorated
the overall gas-bearing properties, resulting in a great
heterogeneity in the regional distribution of gas-bearing
properties.

2.3. Types of Gas-Controlling Structures in the Guojiahe
Wellfield. The tectonics of the Guojiahe wellfield can be sum-
marized as extrusion and extensional tectonics, which can be
summarized into three types: gentle dip syncline, anticline
and secondary anticline, and normal fault according to the
combination of tectonic form and different types of tectonics.
The gas content of 13 CBM boreholes in different structural
parts of the three prospecting lines in the study area was ana-
lyzed (Table 1), and the influence of the structural parts on
the CBM content was obtained in descending order: the deep
buried part of gentle dip syncline limbs is larger than the axial
part of the syncline, larger than secondary anticline limbs
with a normal fault part, larger than the secondary axial part
of the anticline, and larger than the slow dip shallow buried
part of syncline limbs. The basic types of gas-controlling
structures in the Guojiahe wellfield are divided into the shal-
low buried part of syncline limbs, axial part of the syncline,
syncline upwarping part, intersection part of syncline and
secondary syncline limbs, the syncline and secondary syn-
cline, the axial part of the anticline and secondary anticline
with a normal fault (Table 2).

3. Establishing a Coupled Thermal-Hydraulic-
Mechanical Model of CBM Distribution
Controlled by Tectonism

3.1. Mechanism of the Thermal-Hydraulic-Mechanical
Model. The thermal-hydraulic-mechanical coupling rela-
tionship of CBM is studied; i.e., the distribution and
change law of CBM under the interaction of the tempera-
ture field, seepage field, and stress field are considered.
The methane gas in the coalbed is mainly stored on the
surface of the coal matrix in the adsorbed state, and the
changes of reservoir pressure and temperature affect the
adsorption state of methane gas and the production of
CBM. The essence of its intrinsic physical effects is the
influence of ground stress, reservoir temperature, and pres-
sure on the parameters of gas content and reservoir perme-
ability [27, 34]. In this research, with the help of the
COMSOL Multiphysics numerical software platform, a
coupled thermal-hydraulic-mechanical model of CBM dis-
tribution controlled by tectonism is established. According
to the physical parameters of coalbed and CBM measured
in the study area, a coefficient partial differential equation
(PDE) is established. Its simultaneous solution can describe
the heat conduction equation and linear elastic deforma-
tion equation of CBM flowing in the coalbed [35–37].
The partial differential equations of the evolution of each
physical field are listed in equations (1)–(3). The calcula-
tion should consider the flow characteristics and distribu-
tion characteristics of CBM due to the coupling effect of
the thermal-hydraulic-mechanical model.
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Figure 1: Geological and tectonic features of the study area.
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Based on the above considerations, a realistic numerical
thermal-hydraulic-mechanical model of CBM is proposed,
based on the following assumptions: (1) the coal matrix
is an elastic porous medium composed of pores and
fissures, (2) the coal matrix is compressible and conforms
to the small deformation assumption, (3) the gas-
dynamic viscosity is not affected by temperature, (4) the
CBM is an ideal gas and conforms to the ideal gas equa-
tion of state, (5) the matrix pore pressure in the coal of
CBM is saturated, (6) the temperature of the gas at the
same point is equal to the temperature of the coal matrix,

and (7) the matrix pore pressure is equal to the fracture
pressure [36].

The expression of the mathematical equation for the
coupled temperature field of CBM in the coal matrix is

η∇2 T + qQ − ρCV
∂T
∂t
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Figure 2: CBM content in different geological formations revealed by exploration boreholes.
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where η is the thermal conductivity of the coal matrix (J/m-s-
K), ∇2 is the Laplace operator symbol, T is the temperature
variable (K), T0 is the initial temperature of the coal seam
(K), Q is the CBM seepage velocity vector (m/s), q is the
CBM content per unit volume of methane-containing coal
(m3/t), ρ is the bulk weight of coal (kg/m3), Cv is the specific
heat capacity of coal (J/kg-K), and θT is the thermal stress
coefficient. Langmuir volume constant a and Langmuir pres-
sure constant b are set as temperature-dependent functions
aðTÞ and bðTÞ, and θpr is the stress coefficient due to CBM
pressure.

It is generally accepted that adsorbed and free methane in
the coal matrix obeys the modified Langmuir adsorption
equilibrium equation and the state’s real gas equation,
respectively.

q = abpc
1 + bp

+ φ
p
pn

� �
· ρc, ð2Þ

where q is the CBM content per unit volume of methane-
containing coal (m3/t); a is the Langmuir volume constant
of methane in the coal matrix; b is the Langmuir pressure

constant of methane in the coal matrix; c is the coal quality
correction parameter (kg/m3), where c = ρg × ð100 − A −MÞ
/100/ð1 + 0:31 ×M), A is the ash content of the coal seam
(%), and M is the coal seam moisture (%); φ is the coal seam
porosity; p is the coal seam methane pressure (Pa); pn is the
coal seam methane gas pressure at standard atmospheric
pressure (Pa); and ρc is the coal seam density (kg/m3).

The mathematical equation expression for the coupled
stress field in the coal reservoir is
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where G is the Lame coefficient, ν is the shear modulus, u is
the displacement function-independent variable, xi and xj
are partial differentials of displacement, and θads is the
adsorption stress coefficient of CBM, and the calculated solid
stress field of coal rock in the model are considered based on
the linear elastic model.

Table 1: Gas-bearing characteristic of coal seams in different tectonic parts of the Guojiahe wellfield.

Tectonic parts Typical drill hole number Borehole CBM content (m3·t-1) Average CBM content (m3·t-1)

Deep buried part of gentle dip syncline limbs

G33-3 4.58

3.57G15-3 3.60

G16-5 2.54

Axial part of the syncline

G33-5 4.8

3.16
G34-4 2.1

G16-3 2.08

X27 3.65

Secondary anticline with normal faults
G33-7 2.12

2.89
G16-4 3.65

Axial part of the secondary anticline
G33-6 1.77

1.71
G34-1 1.64

Shallow buried part of gentle dip syncline limbs
G15-2 0.52

0.97
X21 1.42

Table 2: Basic types of structures controlling gas content in the Guojiahe wellfield.

Structure type Structure parts Gas distribution characteristics

Gentle dip syncline

Shallow buried part of syncline limbs (i) Shallow parts of both limbs are not conducive to the
preservation of CBM
(ii) Axial part of the syncline better than both limbs
(iii) Syncline upwarping part CBM enrichment
(iv) The CBM in the intersection of the main dip fold axis
and the larger secondary syncline is better endowed

Axial part of the syncline

Syncline upwarping part

Intersection part of the syncline
and secondary syncline

Anticline and secondary anticline

Axial part of anticline (i) Low gas content in the main anticline due to the coal erosion.
(ii) The secondary anticline is rich in CBM, the tensional fracture
is developed on both limbs, the coal cover is closed, and the gas
content is high on both limbs

Secondary anticline with
normal faults

Normal fault /
(i) Tensional fractures with poor sealing of faults contribute to
the migration or escape of CBM
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The mathematical equation expression of the coupled
seepage field of CBM in the coal matrix considering the slip
effect is

2αp ∂ε
∂t

+ 2φ + 2 1 − φð Þ
ks

p + 2abc pn
1 + bpð Þ2

+ 2abc pn
1 + bp

" #
∂p
∂t

−∇ · k
u
∇p2

� �
= I,

ð4Þ

where α is the coefficient of influence of CBM on the elastic
modulus of the coal matrix, pn is the pressure of CBM at
the standard state (MPa), c is the elastic modulus of coal
matrix material without CBM (Pa), ∇p is the CBM pressure
gradient within the coal seam (Pa/m), I is the source-sink
term, permeability k and porosity φ are composed of func-
tions through strain ε, temperature T (K), and CBM pressure
p (Pa) with a total of three independent variables, and other
coupling terms are synonymous.

3.2. Original Construction Model and Numerical Model.
According to the survey results of the geological structure
of the no. 3 coal seam in the Guojiahe wellfield, the geological
structure within the scale of the 1302 coal mining working
face is selected as the research object (see Figure 3), and the
numerical model of the geological structure is established as
shown in Figure 4. It is determined that the coal seam’s right-
most opening in the calculation model is the stopping line
position, and the whole model develops the X3 syncline, B1
anticline, F10 normal fault, and F11 normal fault from the
cutting hole to the stopping line direction, respectively,
involving a total of three geological formations: anticline,
normal fault, and syncline (Table 3).

The surface elevation of the 1302 coal mining working
face is +1232~1440m, the working face elevation is
+730~810m, the length is 1285m on average on strike direc-
tion, the length is 270m on dip direction, and the working
face temperature is 293K. In consideration of the above
working face geological conditions and mining conditions,

the numerical model was designed with a length of 1285m,
a height of 110m, and corresponding stratigraphic elevations
of +700m to +810m. The geological section of the working
face was divided into planes according to the tectonic
features and then imported into the COMSOL software
platform for 3D model construction and triangular meshing
(see Figure 4).

3.3. Basic Model Parameters. The model calculation bound-
ary conditions are mainly based on the actual measured tem-
perature of the working face combined with the research
results on temperature boundary conditions in related stud-
ies [35, 38–40]. The initial temperature of the working face
(T1) is 293K, the initial temperature of the fault hanging wall
(T2) is 293K, the initial temperature of the fault footwall (T3)
is 293K, the initial boundary temperature of the coal seam
(T4) is 294K, and the initial boundary temperature of the
coal seam roof position (Troof ) is 293K. The initial boundary
temperature of the coal seam floor boundary (T floor) is 293K.
Based on the measured coal seam gas pressure of 1.70MPa in
the extraction borehole at the working face, the overlying
rock layer load f of the 1302 working face is 11.4MPa calcu-
lated according to the vertical principal stress equation.
According to Guojiahe mine rock and gas basic parameter
report, physical parameters such as density, elastic modulus,
Poisson’s ratio of coal, and those of CBM (density, gas pres-
sure in a standard state, and molar volume) were determined,
as listed in Table 4. A triangular mesh dissects the model with
a calculation error of 0.0001, and the time is set to 150 d.

4. Analysis of Gas Content and Permeability of
Coal Reservoirs in Different
Tectonic Positions

4.1. Simulation Analysis of CBM Distribution Controlled by
Tectonism. As shown in Figure 5, the multiphysical field
characteristics of the geological structure within the scale of
the 1302 working face are calculated according to the
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Figure 3: Geological section of the 1302 coal mining face.
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thermal-hydraulic-mechanical coupling model, and it can be
learned that (1) the overall CBM content q is greater than
1m3/t and the CBM content in the syncline hinge zone is
higher while the CBM content near the fault plane of the nor-
mal fault is low. With the advancement of mining, the CBM
content at the fault plane decreases and causes the gas con-
tent near it to decrease gradually, and the influence range
gradually increases, and the change tends to be stable after
100 d (Figure 5(a)). (2) The overall coal reservoir pressure
shows the distribution characteristics to be high in the syn-
cline hinge zone and low near the fault plane. With the
advancement of mining, the pressure difference between
the syncline hinge zone, fault plane, and surrounding coal
reservoir is more significant, and the influence range of coal
reservoir pressure change near the fault plane gradually
increases (Figure 5(b)). (3) The temperature difference of

the coal reservoir is larger in different structural parts. The
syncline hinge zone is the high-temperature zone of the coal
reservoir, the temperature of the syncline limb gradually
decreases, the temperature near the fault plane is lower, and
the range of low-temperature zone near the fault plane grad-
ually increases as the mining advances (Figure 5(c)). (4) The
overall coal reservoir permeability is low, about 1:88 × 10−5
μm2, the syncline hinge zone reservoir permeability is small,
and the permeability near the fault plane is large. With the
advance of mining, the coal reservoir permeability near the
fault is higher and tends to increase with the change of time
(Figure 5(d)).

In order to further study the control effect of folds and
faults on the CBM content, the X3 gentle dip syncline, B1
anticline, F10 normal fault, and F11 normal fault were
selected in the numerical calculation model of the 1302 coal

Table 3: Main parameters of the geological structure of the 1302 coal mining working face.

Structure type Axis extension direction (°) Dip angle (°) Drop (m) Extension length (m)

X3 syncline 100°~110° 10° on the west limb, 17° on the east limb N/A 283

B1 anticline 110°~120° West limb 9°, east limb 10° N/A 300

F10 fault 160° 26~60° 6 429

X2 syncline 110°~120° West limb 10°, east limb 9° N/A 303

F11 fault 25° 55~70° 2.2 50

Table 4: Main parameters of 1302 coal mining face modeling.

Parameter name Variables Numerical value Unit

Coalbed gas dynamic viscosity coefficient μ 1:087 × 10−5 Pa-s

Initial porosity of the coal seam φ0 0.0792 /

Rock modulus of elasticity Er 30,000 MPa

Modulus of elasticity of the coal matrix Ec 14000 MPa

Coal Poisson’s ratio υ 0.27 /

Coefficient of volumetric thermal expansion of coal αT 0:116 × 10−3 m3/(m3-K)

Working surface gas pressure P0 0.1 MPa

Working surface boundary temperature T0 293 K

Langmuir pressure constants PL 3.87 MPa

Langmuir volume constants VL 6.73 cm3/g

Density of coal ρc 1400 kg/m3

Rock density ρr 2300 kg/m3

Normal gas constants αT 8.3143 J/(mol-K)

Molar volume of coalbed methane Vm 0.0224 m3/mol

Initial penetration rate k0 0:02 × 10−15 m2

Ash A 0.1622 /

Moisture M 0.0835 /

Coal seam gas pressure at standard condition Pg 0.10 MPa

Coalbed gas density at standard condition ρg 0.717 kg/m3

The bulk modulus of solid particles Ks 5:22 × 1010 Pa

Pore fractal dimension Dp 2.776 /
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mining face to monitor the evolution law of the tempera-
ture field, seepage field, and stress field by using a two-
dimensional cut-off line. The length of the monitoring line
near the structure is 180m (direction: limb→hinge
zone→limb or hanging wall→fault plane→footwall)
according to the development and characteristics of the
structure. Since the coal seam deposits at the B1 anticline
is thin, the F10 normal fault is generated near the hinge
zone of the anticline under tensile stress, so monitoring

lines are arranged every 60m from the B1 anticline limb
to the hinge zone, F10 fault plane, and fault plane to the
anticline limb, respectively (Figure 6).

Figures 7–Figure 8 show the characteristics of the
changes of CBM content, coal reservoir pressure, tempera-
ture, and permeability from the 1st d to the 150th d of differ-
ent structure types. The CBM content and coal reservoir
pressure in the syncline area gradually increase as the work-
ing face advances, and the values stabilize after about 100 d,
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1 day

25 days

50 days

100 days

200m0m
3210–1–2–3

150 days

(a)

200m0m
1.510.50–0.5–11 day
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150days

Reservoir pressure/Mpa

(b)

1 day
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200m0m 308306304300298294 302296

�ermo/K
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(c)

1 day

25 days
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100 days

Reservoir permeability /10–5 μm2

1.981.961.921.9 1.941.88
200m0m

150 days

(d)

Figure 5: Variation of multiphysical fields in different tectonic positions: (a) CBM content; (b) coal reservoir pressure; (c) coal reservoir
temperature; (d) coal reservoir permeability.
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and the hinge zone shows obvious advantage of pressure-
holding reservoir formation (Figures 7(a), 8(a), and 9(a)).
The coal reservoir temperature in the syncline hinge zone is
higher and the permeability is lower, and the range of the
high-temperature zone and low-permeability zone in the
hinge zone gradually decreases with time change, and the

change range tends to be stable around 100 d. Near the tec-
tonic combination of the B1 anticline and F10 normal fault,
the characteristics of coal reservoir pressure and coalbed
gas content changes are consistent and synchronous, and
the pressure and gas content of the anticline hinge zone are
lower (Figure 8). The coal reservoir pressure is low due to

180m

Observation line

Synclinal limb Synclinal limbHinge zone

(a)

Observation line 1

180m

Fault plane

60m 60m 60m

Anticlinal limb

Observation line 2 Observation line 3

Anticlinal limb
Hinge zone

(b)

180m

Fault planeUpper side Lower side

Observation line

(c)

Figure 6: Location of monitoring lines near different structural sites: (a) X3 syncline monitoring line; (b) B1 anticline and F10 fault
monitoring lines; (c) F11 fault monitoring line.
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Figure 7: Multifield evolutionary characteristics of THM near the X3 syncline structure.
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Figure 8: Multifield evolutionary characteristics of THM near B1 anticline and F10 normal fault structures.
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Figure 9: Multifield evolutionary characteristics of THM near the F11 normal fault structure.
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the development of fractures near the two fault planes of the
F10 normal fault, and the coal reservoir permeability
increases while the coalbed gas is dispersed. With the change
of time, the range of change of coalbed methane content, coal
reservoir pressure, temperature, and permeability near the
fault plane gradually expands and stabilizes after about
100 d (Figure 9). Near the F11 normal fault, the CBM con-
tent, coal reservoir pressure, temperature, and permeability
change in value and influence range with the advance of the
working face and stabilize after about 100 d. Near the fault
plane, the coal seam gas content and coal reservoir pressure
are lower under tensile stress, while the coal matrix is more

continuous near the upper and footwall of the fault, which
gradually has the advantage of gas richness into the reservoir
with time. The coal reservoir temperature varies relatively
large in different parts, and the change trend is consistent
with the coal reservoir pressure as a whole. Due to the devel-
opment of fault plane fractures, the permeability of the coal
reservoir is significantly increased, and the range of the
high-permeability zone near the fault plane gradually
expands with the change of time and stabilizes after 100 d.

In order to further analyze the change process of CBM
content near the syncline, anticline, and fault in different tec-
tonic parts, the data statistics of interpolation value selected
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Figure 10: Variation of CBM content near different tectonic types: (a) variation of CBM content near the X3 syncline structure; (b) variation
of CBM content near the B1 anticline and F10 normal fault structure; (c) variation of methane content near the F11 normal fault structure.
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starting from the 1st d, interval 25 d, and end point 100 d
were statistically obtained to plot the results of CBM
thermal-hydraulic-mechanical coupling evolution near dif-
ferent types of tectonics in the 1302 working face from 1 to
100 d time (as Figure 10 shows).

According to the change of gas content of the no. 3 coal
reservoir in working face 1302 shown in Figure 10, it can be
seen that the change of CBM content in different structural
parts is different and the CBM content in the limb of the
X3 gentle dip syncline is lower, but the hinge zone has the
advantage of holding pressure and the CBM content is higher
(Figure 10(a)). In the process of changing from limb-hinge
zone-limb part, the CBM content shows a wide and slow

arc-shaped trend of increasing and then decreasing, and the
change of CBM content near the B1 anticline and F10 normal
fault is relatively complicated. The CBM content in the direc-
tion of the hinge zone from the limb of the anticline gradually
decreases, and the CBM content gradually decreases and falls
below 0.5m3/t at each of the two fault planes of the F10 nor-
mal fault and then gradually increases along the hinge zone
of the anticline to form a near funnel-shaped curve with the
east limb of the anticline (Figure 10(b)). Along the monitor-
ing line of the F11 fault, from hanging wall-fault, the CBM
content of the F11 fault is funnel-shaped along the monitor-
ing line from hanging wall-fault plate-footwall and decreases
significantly at the normal fault plane (Figure 10(c)).
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Figure 11: Variation of gas content and permeability of coal reservoirs near different tectonic positions: (a) variation of coalbed gas content
near the B1 anticline and F10 normal fault; (b) variation of coalbed gas content near the F11 normal fault; (c) variation of permeability of the
coal reservoir near the B1 anticline and F10 normal fault; (d) change in permeability of the coal reservoir near the F11 normal fault.
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Comprehensive analysis of the data in Figures 7–10
shows that the gas content, reservoir pressure, temperature,
and permeability vary nonlinearly in different tectonic sites.
In the anticline hinge zone, the coal seam is thin and prone
to fracture under tension force, and the internal fractures of
the coal matrix is more developed, resulting in lower pressure
and temperature of the coal reservoir, lower gas content, and
higher permeability of the corresponding coal reservoir. The
changes of coal seam gas content, reservoir pressure, and
temperature in the thick coal seam part of the syncline hinge
zone show the advantages of reservoir formation of pressure
maintenance, heat preservation, and gas enrichment. There-
fore, the gas-rich advantage of the syncline hinge zone and
the gas-poor characteristic of the anticline hinge zone are
mainly characterized by the wide and slow arc-shaped
change of coalbed gas content. The CBM content near the
normal fault shows a funnel-shaped trend, with the fault
plane being the lowest point and the hanging wall and
footwall decreasing toward the fault plane, respectively. In
summary, the gentle dip syncline hinge zone is rich in gas
with heat preservation and low permeability, while the gentle
dip anticline hinge zone is poor in gas with low temperature
and low pressure and high permeability, and the small nor-
mal fault within the layer shows the funnel-type gas control
characteristics. The syncline hinge zone is a gas accumulation
zone, and the fault plane of the normal fault is a high-
permeability area of the reservoir.

4.2. Variation Distance of Gas Content and Reservoir
Permeability Controlled by Tectonism. Statistical analysis of
the changes in gas content and permeability of coal reservoirs
near different tectonic sites is shown in Figure 11. The coal
seam gas content and coal reservoir permeability changes
are complicated near the normal fault because the coal seam
forms fissures under the condition of the tensional tectonic
stress field. The normal fault developed within the coal seam
has a small drop and does not extend to the top and bottom
plates. The coal seam at the fault plane is misfractured or
generates a fracture plane causing CBM dissipation while
increasing the permeability of the coal reservoir.

In Figure 11(a), the CBM content of B1 anticline and F10
normal fault parts reached the minimal value at two fault
planes with coordinates of (82.67, 0.29) and (94.46, 0.05),
respectively, and the CBM content tends to be stable in A
(46.65, 3.07) and B (137.05, 3.07) toward the anticline limbs,
respectively. The fault plane is 36.02m and 42.59m from
points A and B, respectively, and the gas content decreases
by 90.5% and 98.4%, respectively, indicating that the tectonic
combination of the B1 anticline and F10 normal fault, whose
gas control range is 36.02m~42.59m from the fault plane.
The CBM content of the F11 normal fault reaches a very
small value at the fault plane (94.50, 0.41), which is 86.6%
lower than the stable point of CBM content A and B, and
the distance is 36.69m and 37.23m, respectively, indicating
that the gas control range of the F11 normal fault is 37m
(Figure 11(b)). The above analysis shows that the CBM con-
tent in different parts of the small normal fault developed in
the layer shows a funnel-shaped trend of first decreasing and
then increasing, the CBM content reaches a minimal value at

the fault plane, and the CBM content significantly decreases
within 37m of the two disks of the fault plane, with a
decrease of 86%. The CBM content gradually tends to level
off after moving away from the influence range of the fault
plane.

The continuity of the coal matrix near the fault plane of
the normal fault is destroyed, and the coalbed gas content is
reduced while a large number of fractures are developed,
which makes the permeability of the coal reservoir increase.
According to Figure 11(c), the permeability near the F10 nor-
mal fault is affected by the B1 anticline tectonics, and the
overall trend of slow decline-sharp increase-small
fluctuation-sharp decline-slow increase is shown. At the
two fault plane locations, the permeability reaches a great
value of 1:988 × 10−5 μm2 with an increase of 2.8% and
2.5%, respectively, and the distance minima are 49.23m
and 57.23m, respectively. The permeability of the F11 nor-
mal fault shows a trend of slowly decreasing-sharply
increasing-sharply decreasing-slowly increasing in different
structural parts. At the fault plane, the permeability reaches
a great value of 1:988 × 10−5 μm2, and the permeability
increases by 2.6%, and the distance minima are 54.6m and
54.17m, respectively (Figure 11(d)). From the above analysis,
the permeability of the small normal fault developed in the
layer is characterized by single-peak variation, the highest
increase in permeability near the fault plane is about 2.6%,
and the influence range is about 54m for both walls of the
fault plane.

5. Conclusion

In this study, the actual geological structure of the Guojiahe
wellfield in the Yonglong mining area was used as the back-
ground, and the THM coupling model was used to analyze
the variation law of CBM content and permeability in anti-
cline, syncline, and normal fault tectonic sites and to reveal
the variation distance of gas content and reservoir permeabil-
ity controlled by tectonism in different tectonic positions.
The main findings are as follows.

(1) The CBM content changes in different tectonic parts
are different. The CBM content in the X3 gentle dip
syncline limb is low, but the hinge zone has the
advantage of pressure maintenance, and the CBM
content is high. In the process of changing from the
limb-hinge zone to the limb, the CBM content shows
a wide and slow arc-shaped trend of increasing and
then decreasing, and the CBM content changes near
the B1 anticline and F10 normal fault are relatively
complicated

(2) The methane content of the anticline limb gradually
decreases toward the hinge zone and drops below
0.5m3/t at each of the two fault planes of the F10 nor-
mal fault, and then, the methane content gradually
increases along the anticline hinge zone to form a
near funnel-shaped curve with the east limb of the
anticline. The CBM content of the F11 fault gradually
increases along the anticline hinge zone and forms a
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near funnel-shaped curve with the east limb of the
anticline; along the monitoring line from hanging
wall-fault plane-footwall, the overall CBM content
shows a funnel-shaped trend and decreases signifi-
cantly at the normal fault plane

(3) The hinge zone of the gentle dip syncline is gas-rich
with low permeability, pressure maintenance, and
thermal insulation, while the hinge zone of the gentle
dip anticline is gas-poor with low temperature, low
pressure, and high permeability. The gas accumula-
tion zone is in the thick coal seam zone of the syn-
cline, and the fault plane of the normal fault is near
the high-permeability area of CBM. Within the Guo-
jiahe wellfield, the variation distance of gas content
and reservoir permeability controlled by tectonism
is 37m and 54m from the fault plane, respectively
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