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Abstract: To study the influence of different drainage methods on the production performance of coal
measure gas wells, the interbedded reservoir composed of coal and shale in the Longtan Formation of
the Dahebian block was used as the research object. Considering the influence of coal and shale matrix
shrinkage, effective stress, and interlayer fluid flow on reservoir properties such as fluid migration
behavior and permeability, a fluid–solid coupling mathematical model of coal measure superimposed
gas reservoirs was established. Numerical simulations of coal measure gas production under different
drainage and production modes were conducted to analyze the evolution of reservoir pressure, gas
content in the matrix, permeability, and other characteristic parameters of the superimposed reservoir,
as well as differences in interlayer flow. The results showed that, compared to single-layer drainage,
cumulative gas production increased by 33% under multi-layer drainage. Both drainage methods
involve interlayer energy and substance transfer. Due to the influence of permeability, porosity, and
mechanical properties, significant differences exist in reservoir pressure distribution, preferential
flow direction, gas content in the matrix, and permeability ratio between coal and shale reservoirs
under different drainage and production modes. Multi-layer drainage effectively alleviates the
influence of vertical reservoir pressure differences between reservoir layers, facilitates reservoir
pressure transmission in shale reservoirs, enhances methane desorption in shale matrices, promotes
matrix shrinkage, and induces the rebound of shale reservoir permeability, thus improving overall
gas production.

Keywords: coal measures gas; drainage method; interlayer fluid flow low; reservoir pressure

1. Introduction

Coal measure gas refers to all kinds of natural gas (i.e., coalbed methane, coal mea-
sure shale gas, and coal measure sandstone gas) in a coal measure reservoir, which is
an important part of unconventional natural gas [1,2]. Western Guizhou is rich in coal
measure gas resources and is a key area for coal measure gas development [3–6]. Due
to the difference in physical properties of superimposed reservoirs, the gas production
law is more complicated than that for single reservoirs, and the development is more
difficult [7,8]. Therefore, studying the gas production effect of coal measure reservoirs
under different drainage methods is helpful to understand the fluid migration law in coal
measure superimposed reservoirs.

With the maturation of computer technology, the research method for coal measure
gas development has changed in the direction of numerical simulation [9,10]. Models

Processes 2023, 11, 3424. https://doi.org/10.3390/pr11123424 https://www.mdpi.com/journal/processes

https://doi.org/10.3390/pr11123424
https://doi.org/10.3390/pr11123424
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/processes
https://www.mdpi.com
https://orcid.org/0000-0003-1443-2675
https://orcid.org/0000-0001-6246-6728
https://doi.org/10.3390/pr11123424
https://www.mdpi.com/journal/processes
https://www.mdpi.com/article/10.3390/pr11123424?type=check_update&version=1


Processes 2023, 11, 3424 2 of 13

such as CMG, Eclipse, COMSOL Multiphysics, and so on are widely used [11–14] for the
numerical simulation of coal measure gas development. Some scholars have developed
gas and water seepage numerical models for coalbed methane and tight gas reservoirs
and have studied the influence of pressure, saturation, and reservoir permeability on
combined production [15–18]. Some scholars have also developed mathematical models for
coal measure gas seepage in coal–sandstone composite reservoirs that consider interlayer
channeling, have analyzed the variation law of reservoir pressure and gas production, and
have discussed the gas seepage mechanism in coal–sandstone composite reservoirs [15,19].
In summary, the above models are mainly based on a combination of coal and sandstone
reservoirs. There are relatively few studies on the combination of coal and shale reservoirs
in coal measure reservoirs and the effect of coal measure gas production under different
drainage methods. Research in this area is still in its infancy and needs further exploration.

In this paper, the C409 coal and its shale roof and floor in the Dahebian block of the
Liupanshui Coalfield in western Guizhou are used as the research objects. Considering the
influence of stress on the adsorption, diffusion, and seepage of CH4 in coal and shale and
the dynamic change characteristics of coal and shale permeability, a fluid–solid coupling
mathematical model of coal measure superimposed gas reservoirs was developed. Numer-
ical simulations of coal measure gas output are carried out, and the gas production effect
of coal measure gas wells under different drainage modes is discussed, which provides a
scientific basis for the development of coal measure gas in the Dahebian block.

2. Coal Measure Superimposed Gas Reservoir Drainage Mathematical Model
2.1. Basic Assumptions

According to the differences in occurrence state and migration mechanism of coal
measure gas in different reservoirs and previous studies [20–22], this study puts forward
the following assumptions: (1) The reservoir is a ‘double pore‘ medium and homogeneous
in all directions. (2) The seepage of CH4 and water in different reservoirs follows Darcy’s
law, and water and CH4 are saturated in the fractures of coal and shale reservoirs. (3) The
adsorption and desorption of CH4 mainly occur in the pores of the coal and shale matrix,
and the diffusion process of CH4 in the matrix follows Fick’s first diffusion law. (4) The
deformation of rock mass conforms to the assumption of small deformation, while the
adsorption, desorption, and effective stress of CH4 will change the volume of the coal and
shale matrix. (5) The reservoir temperature change is not considered in the process of coal
measure gas drainage.

2.2. Governing Equations of Mechanical Field

According to assumption (4), considering the effective stress and the strain caused by
the shrinkage effect of the coal and shale matrix, the governing equation for the stress field
of coal and shale can be expressed as follows [23,24]:

G(1, 2)ui,jj +
G(1, 2)

1− 2v(1, 2)
uj,ji + Fi = αm(1, 2)Pm(1, 2),i + α f (1, 2)Pf (1, 2),i + K(1, 2)εa(1, 2),i (1)

where 
αm = 1− K

Ks
α f = 1− K

(aKn)

εa = asgVsg

(2)

where (1, 2) is coal and shale, respectively; G is the shear modulus (Pa); ui (i = x,y,z) is the
displacement in the i direction; v is the Poisson’s ratio; K is the bulk modulus (Pa); Fi is the
force in the i direction; αm and αf are Biot effective pressure coefficients; Kn is the stiffness
of fracture (Pa); Pf and Pm are the fluid pressure in the fracture and the gas pressure in the
matrix (Pa); εa is the matrix desorption shrinkage strain; Vsg is the adsorbed gas content
(m3/kg); and asg is the adsorption strain coefficient (kg/m3).
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The fluid pressure (Pf) in the fracture can be expressed as follows [25–27]:

Pf (1, 2) = Sw(1, 2)Pf w(1, 2) + Sg(1, 2)Pf g(1, 2) (3)

where Pfw and Pfg are the water pressure and gas pressure in the fracture (Pa), respectively,
while Sw and Sg are water saturation and gas saturation, respectively.

The content of adsorbed gas in coal and shale reservoirs can be expressed by the
Langmuir volume equation as follows [9,27,28]:

Vsg(1, 2) =
VL(1, 2)Pm(1, 2)

PL(1, 2) + Pm(1, 2)
(4)

where VL is the Langmuir volume constant (m3/kg), and PL is the Langmuir pressure
constant (Pa).

2.3. Governing Equation of Hydraulic Field

Before drainage, CH4 in the superimposed reservoir is in a dynamic equilibrium state,
and the CH4 pressure in the matrix is equal to the CH4 pressure in the fracture. After
the beginning of drainage, CH4 in the matrix begins to desorb. According to the Fick‘s
diffusion law and the mass conservation equation of CH4 in the coal and shale matrix,
the CH4 migration equation in the coal and shale reservoir matrix can be expressed as
follows [29]:

∂mm(1, 2)

∂t
= −

Mg

τ(1, 2)RT

(
Pm(1, 2) − Pf g(1, 2)

)
(5)

where (1, 2) is coal and shale, respectively; mm is the methane content in the matrix (kg/m3);
τ is the methane desorption time (s); and Mg is the CH4 molar mass (kg/mol).

mm(1, 2) =

(
VL(1, 2)Pm(1, 2)

PL(1, 2) + Pm(1, 2)
ρs(1, 2)

Mg

RTs
Ps + φm(1, 2)

Mg

RT
Pm(1, 2)

)
(6)

where ρs is the coal skeleton density (kg/m3), and φm is the porosity in the matrix system.
During the exploitation of coal measure gas, the coal and shale matrix continuously

provides CH4 to the fracture. The coal and shale matrix can be considered the mass source
of CH4 in the fracture. The mass conservation equation of CH4 in the fracture of coal and
shale can be expressed as follows [27,28]:

∂
∂t

(
Sg(1, 2)φ f (1, 2)

MgPf g(1, 2)
RT(1, 2)

)
+∇

[
−Mg(Pf g(1, 2) + b1)

RT(1, 2)

krgk(1, 2)
µg
∇Pf g(1, 2)

]
= Qg

∂
∂t

(
Sw(1, 2)φ f (1, 2)ρw

)
+∇

[
− ρwkrwk(1, 2)

µw
∇Pf w(1, 2)

]
= Qw

(7)

where {
Qg =

(
1− φ f (1, 2)

)
Mg

τRT(1, 2)

(
Pm(1, 2) − Pf g(1, 2)

)
Qw = 0

(8)

where φf is the porosity in the fracture; ug and uw are the velocities of gas and water (Pa·s);
Qg and Qw are gas and water sources or sinks, respectively; and krg and krw are the relative
permeabilities of gas and water, respectively, which are given as follows [9,30,31]:

krg =
(

1− Sw − Swr
1 − Swr − Sgr

)2
[

1−
(

Sw − Swr
1 − Swr

)2
]

krw =
(

Sw − Swr
1 − Swr

)4 (9)

where Swr is the irreducible water saturation, and Sgr is the residual gas saturation.
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Under the influence of the vertical pressure difference, the fluid migrates to the
reservoir with better permeability through interlayer flow. According to Darcy’s law, the
interlayer fluid flow equation can be expressed as follows [32]:

∂

∂t

(
ρgφcPf

)
+

∂

∂z
(
ρguz

)
= 0 (10)

where uz is the velocity of interlayer flow, which can be expressed as follows [32]:

uz =
kc(Pf )

µg
div(Pz) (11)

where kc is interlayer permeability, and div(Pz) is the pressure gradient.

2.4. Porosity and Permeability Equations in Reservoirs

Considering the influence of effective stress and adsorption strain on porosity, the
porosity of coal and shale reservoirs can be expressed as follows [27,33]:

φ(1, 2) =
[(1 + s0(1, 2))φ0(1, 2) + α f (s(1, 2) − s0(1, 2))]

(1 + s(1, 2))φ0(1, 2)

s(1, 2) = εv(1, 2) +
Pf

Ks(1, 2)
+ εa(1, 2)

(12)

where s0 is the initial value of the variable, εa is the deformation of the coal and shale matrix
caused by gas adsorption, εv is the volumetric strain, and Ks is the bulk modulus (Pa).

Based on the cubic law, the relationship between permeability and porosity can be
derived. Specifically, the fracture permeability of the reservoir can be expressed as fol-
lows: [27,34,35]:

k(1, 2) = k0(1, 2)

(
φ(1, 2)

φ0(1, 2)

)3

(13)

where k0 is the initial absolute permeability (m2).

3. Model Validation
3.1. Simulation Case

Liupanshui Coalfield is located in the west of Guizhou Province (Figure 1a). It is an
important coal industry base in China and an important CBM exploration and development
zone in China [36–39]. The Dahebian block is located in the Liupanshui coalfield (Figure 1b),
which is rich in coalbed methane resources and has good development potential for coalbed
methane resources [37,38]. The C409 coal seam is the main coal seam with a relatively
stable distribution in this area, with a thickness of 1.17~13.8 m and an average thickness
of 4.6 m. According to logging data, the gas content of the C409 coal seam in the W1 well
is as high as 25.27 m3/t, and each coal seam in the well field is a methane-rich coal seam
(Figure 2). The C409 coal and its roof and floor generally contain gas, and the gas content
of the coal seam is much higher than that of other lithologic reservoirs. The peak values of
gas logging are generally 5~20 times those of non-coal seams (Figure 1c).

Before the production of coal measure gas wells in the Dahebian block, sand hydraulic
fracturing was first carried out. Taking the W1 well as an example, fracture simulation was
carried out using Fracpro PT fracturing software. The results of the fracture simulation
showed that the half-length of the fracture, the total height of the fracture, and the total
height of the supporting fractures were far greater than the thickness of the C409 coal seam
and that the fracture extended to the roof and floor of the coal seam (Table 1).
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Table 1. Fracture simulation results.

Parameter Value Parameter Value

Fracture half-length (m) 157.9/165.9 Support crack half-length (m) 147.3/160.4
Total crack height (m) 24.2/38.8 Total height of support cracks (m) 22.6/35.1

Vertical depth at the top of the crack (m) 903.2/889.9 Vertical depth of supporting crack top (m) 904.6/893.4
The bottom of the crack is deep (m) 927.4/928.7 The bottom of the support crack is deep (m) 927.2/928.5

In this study, the C409 coal and its roof and the floor coal reservoir of the W1 well
in the Dahebian block of the Liupanshui mining area were selected as the objects to carry
out numerical simulation. The buried depth of the reservoir is 903 m, the thickness of
the C409 coal seam is 13.5 m, and the thickness of the roof shale is 10.5 m. The bottom
mud shale is 2 m thick. According to the formation structure of the production well and
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taking into account the computer memory and running speed, 1/4 of the area was selected
according to symmetry to construct the physical model (Figure 3). The length and width
were 250 m × 250 m, the height was the actual reservoir thickness of 26 m, and the radius
of the gas well was 0.12 m. In order to observe the simulation effect of gas drainage in coal
measures, the XZ plane was selected as the observation surface, and A (1,1,21), B (1,1,8), C
(1,1,1), A′ (10,10,21), B′ (10,10,8), and C′ (10,10,1) were the spatial position coordinates (m)
of the observation points (Figure 3c).
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3.2. Numerical Parameters and Their Schemes

Experimental findings or the relevant literature were the sources for the parameters
utilized in the numerical simulation of coal measure gas drainage (Table 2) [27,32,34,40].

Table 2. Key parameters for numerical simulation.

Variable Parameter Value Unit

φm10 Initial porosity for coal matrix 4.50 %
φf10 Initial porosity for coal fracture 2.30 %
φm20 Initial porosity for shale matrix 3.20 %
φf20 Initial porosity for shale fracture 1.12 %
k10 Initial reservoir permeability (Coal) 0.550 10−3 µm2

k20 Initial reservoir permeability (Shale) 0.197 10−3 µm2

K1 Bulk modulus (Coal) 3.0 GPa
K2 Bulk modulus (Shale) 6.550 GPa
υ1 Poisson’s ratio of coal 0.350 -
υ2 Poisson’s ratio of shale 0.280 -
Ks Skeleton bulk modulus 7.340 GPa
ρs1 Density of coal skeleton 1470 kg m−3

ρs2 Density of shale 2660 kg m−3

µw Gas dynamic viscosity 1 × 10−3 Pa·s
µg Water dynamic viscosity 1.84 × 10−5 Pa·s

PL1 Langmuir pressure constant (Coal) 2.07 MPa
VL1 Langmuir volume constant (Coal) 0.0256 m3·kg−1

PL2 Langmuir pressure constant (Shale) 1.01 MPa
VL2 Langmuir volume constant (Shale) 0.02 m3·kg−1

b1 Klinkenberg factor 0.76 MPa
R Gas molar constant 8.314 J·mol−1·K−1

Ps Standard atmospheric pressure 101 kPa
Ts Standard temperature 273.5 K

The accuracy of the mathematical model was verified by comparing it to the actual
production history of coal measure gas wells. Combined with the actual production
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characteristics of gas wells, the variation law of reservoir characteristic parameters and
differences in interlayer flow during the production process of coal measure gas under
different drainage modes were studied. According to the conditions mentioned above, the
simulations were divided into two categories: multi-layer drainage (full-stage perforation)
and single-layer drainage (coal seam perforation) (Table 3).

Table 3. Schemes for numerical simulation.

Schemes Drainage Pressure/MPa Simulation Duration/d

Production history fitting Actual bottom hole flowing pressure 500
Single-layer drainage (coal seam perforation) 0.16 2000
Multi-layer drainage (full-stage perforation) 0.16 2000

3.3. Boundary Conditions

The initial coal measure reservoir pressure was set as the initial condition (the coal
seam and its roof and floor are in the same pressure system under the initial condition),
Pfg0 = 9.203 MPa; the actual bottom hole flow pressure of the gas well was set as the internal
boundary condition, and the other boundaries were designated non-flow boundaries. For
the physical model, the upper boundary was designated a vertical downward boundary
load, the lower boundary was designated a fixed constraint, and the surrounding area was
designated a slip boundary.

3.4. History Fitting

By comparing the measured daily gas production of CH4 in the production well with
the numerical simulation results, it can be seen that the simulated daily gas production
is in good agreement with the measured daily gas production, with an error of 10.7%.
The applicability and accuracy of the mathematical model are verified, which provides a
basis for estimating dynamic changes in reservoir parameters in subsequent research and
development (Figure 4).
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4. Results

Compared with single-layer drainage, the cumulative gas production of full-layer
drainage is increased by 33% (Figure 5a). Among them, coal seam gas production con-
tributed the most, accounting for 75%; the shale roof was second, accounting for 21%; and
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the shale floor was the smallest, accounting for 4% (Figure 5b). It can be seen from Figure 5c
that the cumulative gas production of the coal seam under single-layer drainage is slightly
larger than that of the coal seam under full-layer drainage. This is because, during the
single-layer drainage process, the methane in the roof and floor (shale) migrates to the
coal seam under the influence of the vertical pore pressure difference and permeability
difference among reservoirs and flows to the wellbore under the influence of the radial
pore pressure difference of the reservoir. The rebound of the radial pore pressure difference
and permeability of the roof and floor (shale) in the full-layer drainage process weakens
the influence of the vertical pore pressure difference between reservoirs on the methane
migration, so that the methane in the roof and floor (shale) flows radially to the wellbore,
resulting in the cumulative gas production under single-layer drainage being slightly larger
than the cumulative gas production of the coal seam under full-layer drainage.
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5. Discussion
5.1. Influencing Factors of Gas Production Effect of Coal Measure Gas Wells under Different
Drainage Methods
5.1.1. Influence of Pressure Conduction Mode on Gas Production Effect

With the development of coal measure gas drainage, the reservoir pressure in each
reservoir changes continuously. Affected by the difference in drainage methods and
physical properties of different reservoirs, the reservoir pressure changes and conduction
directions of coal and shale reservoirs are significantly different.

On the 30th day of drainage, the decreased range of reservoir pressure in the coal
reservoir is larger than that in the shale reservoir under both drainage modes, which leads
to the formation of a vertical reservoir pressure difference between the coal reservoir and the
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shale reservoir, and the reservoir pressure is transmitted from the high-reservoir-pressure
area of the shale reservoir to the low-reservoir-pressure area of the coal reservoir (Figure 6).
The pressure gradient is the main driving force for the migration of coal measure gas.
Under the influence of the reservoir pressure difference between reservoirs, the migration
direction of coal measures gas is also from the high-reservoir-pressure area of the shale
reservoir to the low-reservoir-pressure area of the coal reservoir.
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Figure 6. Direction of reservoir pressure conduction in the 30th day under different drainage modes:
(a) single-layer drainage and (b) multi-layer drainage.

The pressure drop range of coal and shale reservoirs under single-layer drainage
and multi-layer drainage increases gradually with the increase in drainage time. The
decreased range of pore pressure in the shale reservoir near the coal seam is greater than
that further away from the coal seam. Taking the reservoir pressure drop to the range
of 7 MPa as an example, after 500 d, 1000 d, and 2000 d of drainage, the pressure drop
range of the coal reservoir under multi-layer drainage increased by 1.5 m, 2.1 m, and 7.1 m,
respectively, compared with single-layer drainage, and increased gradually with drainage
time (Figure 7).
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Combined with Figures 6 and 7, it can be seen that, compared with single-layer
drainage, multi-layer drainage can effectively reduce the vertical reservoir pressure differ-
ence between layers, slow down the vertical pressure conduction between reservoirs, and
promote the expansion of the radial reservoir pressure drop range of the overall reservoir.

5.1.2. The Influence of Gas Content Change on Gas Production Effect

Figure 8 shows the changes in matrix gas content with drainage time under different
drainage modes at 1.4 m and 14 m from the wellbore.
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Under the two drainage methods, the gas content of the matrix at 1.4 m and 14 m
from the wellbore showed a trend of gradual decrease with the extension of production
time. Due to the differences in gas content, porosity, and permeability between coal and
shale reservoirs, there are significant differences in the reduction in gas content between
the two reservoirs.

At the end of single-layer drainage, the gas content of the coal reservoir decreases by
6.98 m3/t, the gas content of the shale roof decreases by 0.15 m3/t, and the gas content of
the shale floor decreases by 0.25 m3/t (Figure 8a); at 14 m from the wellbore, the gas content
of the coal reservoir decreases by 2.31 m3/t, the gas content of the shale roof decreases by
0.08 m3/t, and the gas content of the shale floor decreases by 0.09 m3/t. With the increase
in distance, the drop in reservoir pressure decreases, and the desorption amount of the
reservoir matrix decreases gradually (Figure 8b).

At the end of multi-layer drainage, the gas content of the coal reservoir at 1.4 m
from the wellbore is reduced by 7.04 m3/t, the gas content of the shale roof is reduced by
0.28 m3/t, and the gas content of the shale floor is reduced by 0.30 m3/t (Figure 8a); at
a distance of 14 m from the wellbore, the gas content of the coal reservoir is reduced by
2.39 m3/t, the gas content of the shale roof is reduced by 0.09 m3/t, and the gas content
of the shale floor is reduced by 0.09 m3/t (Figure 8b). In addition, at a distance of 1.4 m
from the wellbore, there is a significant difference in the reduction in gas content in the
shale roof and floor under single-layer drainage. This is mainly due to the difference in
reservoir pressure between the shale roof and floor reservoirs. The floor is thinner than the
roof, and the reservoir pressure is more susceptible to the change in coal seam reservoir
pressure. Under multi-layer drainage, the reservoir pressure conduction efficiency of the
shale roof is improved, facilitating the desorption and diffusion of methane in the shale
matrix. Compared with single-layer drainage, the reduction in gas content in each reservoir
has increased, which is more conducive to the increase in production.

5.1.3. The Influence of Permeability on Gas Production Effect

Figure 9 shows the change in permeability ratio of each reservoir with drainage time
under different drainage modes at different distances from the wellbore. At a distance
of 1.4 m from the wellbore, under single-layer drainage, the proportion of coal seam
permeability decreases first and then increases. Due to the rapid decrease in reservoir
pressure of the coal reservoir at the initial stage of drainage, the amount of matrix desorption
is small, and the effective stress effect is greater than the matrix shrinkage effect, resulting
in an initial coal reservoir permeability decrease to the lowest value of 0.978 after 90 days
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(Figure 9a). As the desorption amount of the coal matrix increases, matrix shrinkage
increases, and permeability begins to increase (max = 1.153). Combined with Figure 7, it
can be seen that after 500 days, the decrease in gas content of the coal matrix slows down,
the shrinkage of the matrix weakens, and the increase in coal seam permeability ratio
slows down.
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The permeability ratio of the shale roof shows a decreasing trend with the extension
of production time. The changing trend for shale floor permeability ratio is similar to that
for coal seam permeability ratio. This is mainly because the shale floor is thin, and the
reservoir pressure of the reservoir is more susceptible to the influence of the coal seam,
and then the shale floor matrix is more prone to desorption shrinkage, so the permeability
ratio has a slight rebound. Compared with single-layer drainage, the effect of multi-layer
drainage on coal reservoir permeability is relatively small, and the permeability ratio only
increases by about 0.003. For the shale roof and floor, the maximum permeability ratio
increases by 0.034 and 0.013, respectively.

At 14 m away from the wellbore, the permeability of each reservoir shows a decreasing
trend under the two drainage methods; the permeability ratio of the coal reservoir has a
slight rebound after 500 days (Figure 9b). This is mainly due to the permeability change
away from the wellbore being dominated by the effective stress, resulting in a decrease in
the permeability ratio.

5.2. Enlightenment of Coal Measure Gas Development Project

The simulation results show that multi-layer drainage helps increase production.
Under multi-layer drainage, the shale reservoir obtains a better seepage channel, thereby
improving the overall reservoir pressure transfer efficiency of the superimposed reservoir,
promoting matrix desorption and permeability rebound, and achieving the purpose of
increasing production. However, due to the large differences in permeability, porosity, and
mechanical properties of different lithologic reservoirs, the selection of perforation and
perforation intervals and the selection of fracturing technology for non-coal seam sections
in multi-layer drainage need to be further studied.

6. Conclusions

A fluid–solid coupling mathematical model for typical coal-series superimposed gas
reservoirs was developed and solved by the finite element method. The simulation results
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show that the actual gas production and the simulated gas production fit well, which
verifies the accuracy of the mathematical model.

Based on the numerical simulation results, the effects of different drainage methods on
the production effect were discussed from three perspectives: reservoir pressure, matrix gas
content, and the permeability of superimposed reservoirs. The results show that, compared
with single-layer drainage, cumulative gas production under multi-layer drainage increases
by 33%; both drainage methods exhibit interlayer energy and material transfer; affected by
permeability, porosity, and mechanical properties, there are obvious differences in reservoir
pressure and conduction direction, matrix gas content, and permeability ratio between
coal and shale reservoirs under different drainage methods. Multi-layer drainage is more
conducive to the reservoir pressure conduction of shale reservoirs, promotes the desorption
of shale matrix methane, enhances matrix shrinkage, promotes an increase in shale reservoir
permeability, and thus increases gas production.
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