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How to quickly eliminate outburst in long-distance through-coal seam tunnels is one of the major challenges faced by the tunnel
industry in mountainous areas. Compared with coal mine rock crosscut coal uncovering, the work surrounding the rock of
through-coal seam tunnels has a high degree of breakage, large cross-section of coal uncovering, and tight time and space. In
this paper, a method of networked slotting in long-distance through-coal seam tunnels for rapid pressure relief and outburst
elimination is proposed. Based on this method, the corresponding mathematical governing equations and numerical simulation
models have been established. The optimal borehole arrangement spacing and the slot arrangement spacing obtained by
numerical optimization are 2.85m and 3.1m, respectively. Field gas production data of through-coal seam tunnels show that
compared with the traditional dense-borehole gas extraction, the method of networked slotting in long-distance through-coal
seam tunnels for rapid pressure relief and outburst elimination can shorten the extraction time by about 66%, the net quantity
of peak extraction is increased by 3.55 times, and the total quantity of gas extraction when reaching the outburst prevention
index is increased by 1.26 times, which verifies the feasibility of this method and the reliability of numerical simulation results.
This study could be used as a valuable example for other coal deposits being mined under similar geological conditions.

1. Introduction

With the rapid development of the national economies of the
world, high-speed tunnels and railways have formed a
comprehensive transportation system for modern cities to
communicate and connect with each other. However, in some
countries with complex terrain, mountainous areas rich in
various lithologies will be encountered in the process of tunnel
construction, which makes tunnel construction particularly
difficult. As a representative of typical mountainous countries,
China’s mountainous area accounts for two-thirds of the
country’s total area. Especially in the face of the country’s
vigorous development of the central and western regions,
China will usher in a new upsurge in the construction of
large-scale projects of transport infrastructures such as high-
speed railways and expressways. In addition to the complexity
of mountainous terrain, there are many strata with developed
coal measures in western China, which make gas tunnels an

unavoidable challenge in the construction of transport infra-
structures. According to incomplete statistics, in the recent
20 years, more than 70 gas tunnels have been built in China,
penetrating more than 300 coal seams [1]. The critical techni-
cal problems brought by unfavorable geological conditions of
coal measure strata in mountainous areas are one of the
challenges that we need to solve urgently.

Due to the complexity of the geological structures of coal
measure strata, weak and broken rockmass, and high gas pres-
sure, large deformation or even instability and collapse of sur-
rounding rocks and various gas disasters are likely to occur. In
the process of tunnel coal seam uncovering, the instable failure
of coal rock mass in the original high geostress field and high
gas pressure field induces coal and gas outburst accidents,
which is a kind of disaster with the highest intensity and the
greatest danger. Gas tunnel construction in China started
fairly late, and there is no complete set of technical systems
of tunnel coal uncovering and outburst prevention formed.
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The research on tunnel gas disaster mainly focuses on risk
assessment, construction safety management, and monitoring
of surrounding rock deformation, while the research on
outburst prevention technology is little. As a result, the tech-
nology of coal uncovering and outburst prevention measures
in through-coal seam tunnels lags far behind the development
of on-site production practice [2, 3].

The existing design and construction of through-coal
seam tunnels are mainly based on the relevant theories and
experiences of coal mine underground rock crosscut coal
uncovering or coal roadway driving. Through-coal seam
tunnels and underground coal mine roadway driving have
some similarities in excavation and construction, but there
are also obvious differences, especially the characteristics of
large tunnel section and tight time and space for implement-
ing outburst prevention measures, which make the difficulty
and risk of coal uncovering much higher than that of coal
mine rock crosscut coal uncovering. Therefore, it is unscien-
tific to directly use the outburst prevention technology of coal
mine rock crosscut coal uncovering to guide the construction
of gas tunnels, and it is badly in need of research on the
outburst prevention technology regarding the characteristics
of gas tunnels. Li et al. [4], Jiang et al. [5], Wang and Li. [6],
etc. have carried out researches on tunnel coal uncovering
technologies from the aspects of exploration, prediction,
and prevention and control and have achieved fruitful
results. However, due to the extremely low gas permeability
coefficient (as low as 0.01mD) of most coal seams in
Southwest China, the effect of conventional permeability-
enhancing technologies is poor, and it takes a long time to
eliminate outburst and reach the standard. Cheng et al. [7–
9], Lu et al. [10], Feng and Kang [11]Wang et al. [12], etc. have
studied preextraction coal seam permeability enhancement
after coal mine underground hydraulic slotting, and practices
have shown that this technology can quickly and extensively
enhance the coal seam permeability and the preextraction
effect, laying a foundation for quickly eliminating the danger
of gas outburst [13, 14].

By analyzing the characteristics of gas disaster prevention
in long-distance through-coal seam tunnels, this paper puts
forward the method of networked slotting in long-distance
through-coal seam tunnels for rapid pressure relief and
outburst elimination, carries out theoretical and numerical
analysis on the arrangement parameters of boreholes and
hydraulic slots for long-distance through-coal seam tunnels,
and verifies the reliability of this method through field tests
of a gas tunnel in Qinghai, China, thus providing technical
support for the technical system of rapid coal uncovering
and outburst elimination in long-distance through-coal seam
tunnels.

2. Analysis on Technical Challenges of Outburst
Elimination in Through-Coal Seam Tunnels

Long-distance excavation of tunnels along the coal seam
strike and through-coal seams actually has something in
common with coal mine roadway driving, but also has its
particularity. To sum up, the main differences are the
following:

(1) The buried depth of gas tunnels is generally not more
than 300m, and the surrounding rocks have high
degree of breakage affected due to weathering.
Compared with the buried depth up to nearly one
kilometer of coal mines, gas tunnels are more affected
by excavation disturbance, and the possibility of
instability of tunnel-surrounding rocks is higher

(2) Before mining, coal mines generally have detailed
geological survey data, but the geological survey of
gas tunnels is affected by many factors, which leads
to a low degree of geological survey. Therefore, the
formulated outburst prevention measures may not
meet the needs of actual geological conditions

(3) The cross-section of through-coal seam tunnels is
larger than that of coal mine roadway driving. The
cross-section of coal mine roadways is small, gener-
ally not more than 20m2, while the cross-section of
gas tunnels is large. At present, the excavation section
of double-line highway tunnels has exceeded 110m2,
and the excavation section of double-line railway
tunnels is even close to 150m2

(4) For through-coal seam tunnels, outburst prevention is
difficult and the time is tight, which is because the
advanced mining deployment of coal mines leaves
plenty of time and space for the implementation of out-
burst prevention measures, while a gas tunnel has only
a single working face, making it impossible to imple-
ment outburst prevention measures ahead of time

(5) The cross-section excavation of tunnels causes
frequent disturbance to the coal seam, while coal mine
roadways generally adopt the method of full cross-
section uncovering of coal seam at one time. In order
to reduce the energy released during uncovering of
coal and reduce the outburst danger, large-section
tunnels often adopt the method of multiple-section
partitioned coal uncovering, which is disturbed fre-
quently by external forces and has more complex
dynamic response characteristics

(6) Through-coal seam tunnels have higher requirement
for roadway support. The service life of roadways in
a coal mining area will be abandoned after coal min-
ing, and large deformation of roadway is allowed,
while the service period of tunnels is long, generally
ranging from several decades to one hundred years,
and large deformation or large amount of gas emission
is not allowed during the service period

(7) Compared with the available circulating space in coal
mines, gas tunnels’ single-roadway ventilation with a
length of up to one kilometer makes it more difficult
to exhaust smoke and dilute gas

In summary, when excavating and uncovering coal in gas
tunnels, it is necessary to consider the similarities and differ-
ences between long-distance through-coal seam tunnels and
coal mine roadway driving according to specific engineering
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conditions, take targeted outburst prevention measures with
low damage to surrounding rocks on the premise of
accurately predicting outburst dangers, and make timely
adjustment according to the characteristics of dynamic behav-
iors to ensure safe and rapid uncovering of coal seams. This
requires that the preextraction of gas in gas tunnels before
mining needs the characteristics of less disturbance to the
surrounding rocks of roadways, short gas emission period,
high efficiency, etc.

According to the method of networked slotting in long-
distance through-coal seam tunnels for rapid pressure relief
and outburst elimination proposed in this paper, it is necessary
to use as few boreholes and slots as possible to achieve the
highest extraction efficiency, so as to meet the requirements of
outburst prevention in gas roadways or tunnels. In this paper,
through numerical analysis and field test verification on key
parameters of borehole arrangement spacing and hydraulic slot
arrangement spacing for preextraction of gas tunnels, it is
intended to obtain the optimal borehole arrangement spacing
and slotting that meets the gas preextraction index.

3. Mathematical Model Equations

3.1. Coal Mass Deformation Equation. Assuming that thermal
expansion/contraction and matrix expansion/contraction are
isotropic, the constitutive relation of a nonisothermal
deformed coal seam can be written as (compression negative)
[15, 16]

εij =
1
2Gσij −

1
6G −

1
9k

� �
σkkδij +

α

3K pmδij

+ β

3K pf δij +
αT
3 Tδij +

εs
3 δij,

ð1Þ

where σij and δij, respectively, represent total stress tensor and

total strain tensor. G =D/2ð1 + υÞ, D = ½1/E + 1/aKn�−1, K =
D/3ð1 − 2υÞ, α = 1 − K/Ks, and β = 1 − K/a ⋅ Kn, and K is the
bulk modulus of coal, Ks is the bulk modulus of the coal
matrix, Kn is the normal stiffness of a single fissure, E is
Young’s modulus of coal, G is the shear modulus, υ is Pois-
son’s ratio, α and β are coefficients of consolidation, δij is
the Kronecker symbol, and p is pore pressure. In the following
tables, f and m represent matrix and fracture parameters,
respectively; T is the coal reservoir temperature; and αT is
the thermal expansion coefficient of the coal matrix. Based
on Equation (1), the volumetric strain εv is

εv = −
1
K

�σ − αpm − βpf
� �

+ αTT + εs, ð2Þ

where εv = ε11 + ε22 + ε33 is the volumetric strain of coal mass;
�σ = −σkk/3 is mean compressive stress. The volumetric strain
εs generated by adsorption satisfies Langmuir-type curves,
which can be calculated by Langmuir-type equations:

εs = εL
pm

pm + pL
, ð3Þ

where εL is the Langmuir volumetric strain constant, repre-
senting the maximum volumetric strain caused by adsorption,
and PL is the Langmuir pressure constant.

The stress balance equation and geometric equation of
coal containing gas can be expressed as

σij,j + f i = 0, ð4Þ

εij =
1
2 ui,j + uj,i
� �

, ð5Þ

where f i is the body force component and ui is the deforma-
tion displacement in the i direction. Combining Equations
(1)–(5) and sorting them out, the Navier-type coal mass
deformation equation can be obtained:

Gui,jj +
G

1 − 2ν uj,ii − βmpm,i − βf pf ,i − KαTT ,i

− KεL
PL

pm + PL
pm,i + f i = 0:

ð6Þ

3.2. Coal Seam Gas Flow Equation. The gas flow in coal seams
follows the mass balance equation:

∂m
∂t

+∇ ⋅ ρgq
� �

=QS, ð7Þ

wherem is the gas mass per unit volume of coal, ρg is the gas
density in coal mass, q is the velocity vector of Darcy’s law,
and QS is the source item or sink item of gas. Assuming that
gas adsorption only occurs in the coal matrix, the gas occur-
rence mass per unit volume of coal matrix mm and the gas
occurrence mass in fissures mk can be expressed as

mm = ϕmρgm + ρnρc
VLpm
pm + PL

, ð8Þ

mf = ϕf ρgf , ð9Þ
where ρgm and ρgf , respectively, represent the gas density in
coal matrix and coal mass fissures; ϕm and ϕf , respectively,
represent the coal matrix porosity and coal fissure porosity;
ρn is the gas density under the standard condition; and ρc is
the density of coal. According to the equation of the state of
ideal gas, the relationship between gas density and pressure
can be expressed as

ρg =
Mg

RT
p, ð10Þ

whereMg is the molar mass of gas and R is the universal gas
constant.

The mass exchange rate of gas between matrix and fis-
sures is determined by the difference of gas content, which
is directly proportional to gas pressure [17]:

QS =
ρgmkmψ

μ
pm − pf

� �
, ð11Þ
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where ψ = 4ð1/a2x + 1/a2yÞ is the shape factor of coal and ax
and ay are the lengths of the coal matrix.

Because the gaseous mass of gas is very small, ignoring
the influence of gravity on the flow and diffusion process of
gas in the coal seam and assuming that methane migration
in coal seams is laminar, the velocity vector of gas can be
obtained according to Darcy’s law as follows:

qg = −
k
μ
∇p: ð12Þ

Substituting Equations (8)–(11) into Equation (7) and
sorting it out, the governing equation of coal matrix gas pres-
sure changing with time can be obtained. The governing
equation of gas migration in a dual-porosity media model is

∂mm

∂t
+∇ −

km
μ
ρgm∇pm

� �
= −

ρmkmψ
μ

pm − pf
� �

,

ϕf

∂ρf g

∂t
+ ρgf

∂ϕf

∂t
+∇ −

kf
μ
ρgf∇pf

� �
= ρmkmψ

μ
pm − pf

� �
:

ð13Þ

The porosity change in the coal matrix can be expressed
by the following equation [18]:

ϕm = 1
1 + S

1 + S0ð Þϕm0 + α S − S0ð Þ½ �, ð14Þ

where

S = εv +
pm
Ks

− εs − αTT ,

S0 = εv0 −
pm0
Ks

− εL
pm0

pm0 + PL
− αTT0:

ð15Þ

The permeability and porosity of the coal matrix meet the
following relationship [19]:

k
k0

= ϕ

ϕ0

� �3
: ð16Þ

Bring Equation (14) into Equation (16), and coal matrix
permeability

km = km0
1

1 + S
1 + S0ð Þ + α

ϕm0
S − S0ð Þ

� 	� �3
: ð17Þ

Considering the anisotropy of the permeability of coal
mass fissures, for a 2D model, the porosity and permeability
in coal mass fissures can be calculated by the following
equations [20]:

ϕf

ϕf 0
= 1 + 2 1 − Rmð Þ Δεv − αTΔT − Δεsð Þ,

kf i
kf 0

= 1 + 2 1 − Rmð Þ
ϕf 0

Δεj −
1
3 αTΔT −

1
3Δεs

� �" #3

, i ≠ j:

ð18Þ

3.3. Heat Conduction Equation. Assuming that the constitu-
tive equation of heat conduction satisfies Fourier’s law,
ignoring the interchangeability of thermal energy and
mechanical energy, and considering that the temperature
field in a binary medium is unitary, the heat transfer equation
in the coal seam of a dual porosity model can be expressed as
[21, 22]

pCð ÞM
∂T
∂t

+ TKgαg ∇qgm+∇qgf
� �

+ TKαT
∂εv
∂t

= λm∇
2T − ρgmqgmCg∇T − ρgf qgfCg∇T ,

ð19Þ

where λM = ðϕm + ϕf Þλg + ð1 − ϕm − ϕf Þλs and λg and λs are
the thermal conductivity coefficients of solid and fluid
components, respectively. ðpCÞM = ϕmðρgmCgÞ + ϕf ðρgf CgÞ
+ ð1 − ϕm − ϕf ÞðρcCsÞ is the heat capacity of porous media
containing fluid; Cg and Cs are the specific heat capacities
of a fluid and solid under constant volume, respectively; Kg

is the volume modulus of pore gas; and αg = 1/T is the
thermal expansion coefficient of gas.

4. Project Overview and Calculation Model

A highway tunnel in Qinghai is 6024m long with a buried
depth of 116–452m. The surrounding rock of the tunnel is
an interbedding of strongly-moderately weathered macker,
coal seams, and sandstone, and the rock mass has an argilla-
ceous texture and thin-lamellar structure, which is fairly
broken. The main mineral is argillaceous mineral. Due to the
influence of stratum engineering geological conditions, the
joints and fissures in this section are developed, the rock mass
is broken, and the stability of the surrounding rock is poor,
showing a cataclastic texture. According to the detection
result, the left and right tunnels of this tunnel have more than
1,400m or even longer sections passing through the coal seam
gas area. The average thickness of the coal seam is 1.98m, and
the measured gas content and pressure are 11.5m3/t and
1.2MPa, respectively, which has an extremely high risk of coal
and gas outburst. In order to improve the tunneling efficiency
and quickly eliminate the danger of coal and gas outburst in
the exposed coal seam, the water jet slotting technology was
used to achieve permeability enhancement and gas extraction
from the coal seam efficiently [23–25]. To optimize the slot
arrangement in boreholes, a numerical model was established
(as shown in Figure 1) to study the gas distribution in the coal
seam and along the monitoring line under different slot
arrangement modes. An unstructured triangular mesh
domain in the numerical model is created. All the results
obtained in this study are independent of mesh size and time
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step. Considering the construction efficiency onsite, the
designed extraction period was 15 days. The slot length of
the slotted borehole was 1.5m and the width was 0.165m,
the slot spacing in the same along-seam borehole was d1
(Figure 1(a)), and the slot spacing in the same plane of differ-
ent along-seam boreholes was d2 (Figure 1(b)). Parameters of
the simulated coal seam are shown in Table 1.

4.1. Reasonable Slot Spacing in the Same Along-Seam
Borehole d1. Figure 2 is a nephogram of gas distribution in
coal matrix under different slot spacing d1 after 15-day
extraction. It can be seen from Figure 2 that, under the influ-
ence of negative pressure of extraction from the slotted
borehole, the closer to the slotted borehole, the faster the
gas pressure in the coal seam decreased. With the decrease
of the number of slots in the borehole along the seam, the
high gas pressure areas in the coal seam gradually increased.
So, there is an optimal slot spacing arrangement. In China,
the coal seam gas pressure below 0.74MPa is taken as an
index to judge whether the preextraction effect reaches the
standard or not. Therefore, the optimal slot spacing d1 was

determined by detecting the gas pressure on the boundary
monitoring line of the model under different slot spacing d1.

It can be seen from Figure 3 that, when the slot spacing
was 2m, the maximum coal matrix gas pressure between
slots was 0.57MPa, which was far lower than the index of
0.74MPa, but the number of slots was too much, and it
required cutting 9 slots within the 19m long borehole along
the seam, greatly increasing the construction cost. When
the slot spacing was 4m or 5m, the maximum coal matrix
gas pressure between slots exceeded 0.74MPa, which was
easy to bring the risk of outburst to later coal uncovering.
In the end, through simulation, it was found that, when the
slot spacing was 3.1m, the gas pressure between slots was just
less than the index value. Therefore, it was suggested that, in
this study, the slot spacing in the same along-seam borehole
in the coal seam should be designed to be 3.1m, so as to
optimize gas extraction of the coal seam within the extraction
area before tunneling.

4.2. Reasonable Slot Spacing between Different Along-Seam
Borehole d2. Figure 4 is a nephogram of gas distribution in
the coal matrix under different slot spacing d2 after 15-day
extraction. Under the joint extraction of multiple slots, the
gas pressure in the coal seam decreased, especially in the area
between slots. With the increase of slot spacing between
different along-seam boreholes, the residual gas pressure of
the coal seam between slots gradually increased and gradu-
ally exceeded the index value from less than 0.74MPa, which
indicates that there is also an optimal slot spacing arrange-
ment between different along-seam boreholes. By extracting
the gas pressure of coal matrix on the monitoring line 2
(Figure 5), it was found that, when the slot spacing d2 was
2.5m, the maximum gas pressure in the coal seam between
slots was 0.55MPa, which reached the preextraction index.
However, this arrangement is too dense, which will increase
the construction amount. When the slot spacing d2 was

Line 1
d1d1d1

(a)

Line 2
d2d2

(b)

Figure 1: Schematic diagram of numerical simulation and corresponding boundary conditions.

Table 1: Main parameters for numerical simulation.

Model parameter Parameter value

Model size (m) 20 × 1:98
Simulated buried depth (m) 200m

Young’s modulus of coal E (MPa) 1900

Young’s modulus of coal matrix Es (MPa) 8469

Poisson’s ratio of coal υ 0.23

Apparent density of coal ρc (kg/m
3) 1400

CH4 Langmuir volume constant VL (m
3/t) 17.1

CH4 Langmuir pressure constant PL (MPa) 1.729

CH4 dynamic viscosity μ (Pa·s) 1:84 × 10−5

Borehole temperature (k) 293.15

Initial coal mass fissure permeability kf 0 (m
2) 5:9 × 10−17

Initial coal matrix permeability km0 (m
3) 1 × 10−18

Initial matrix porosity ϕm 0.07

Initial coal seam temperature T (K) 303

Maximum adsorption deformation of coal εL 0.025

Coefficient of thermal expansion of
coal matrix αT (K-1)

2:4 × 10−5

Specific heat capacity of coal Cs (J/kg·K) 1:25 × 103

Specific heat capacity of gas Cg (J/kg·K) 1:625 × 103

Coefficient of heat conduction λs (J/kg·K) 0.2

d1=2m

MPa
1.2

1

0.8

0.6

0.4

0.2

d1=3m

d1=4m

d1=5m

d1=3.1m

Figure 2: Gas pressure distribution in coal matrix under different
slot spacing d1 after 15-day extraction.
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2.85m, the residual gas pressure between slots was 0.72MPa,
just reaching the preextraction index. However, when the slot
spacing d2 exceeded 2.85m, reaching 3m or 3.5m, the
residual gas pressure between slots reached 0.79MPa and
0.95MPa, respectively, which exceeded the preextraction
index value of 0.74MPa, and the gas extraction effect failed
to reach the standard. In conclusion, it will be more reason-
able to arrange the slot spacing d2 between different along-
seam boreholes in this coal seam as 2.85m.

5. Analysis and Discussion of
Application Results

In order to verify the correctness of the numerical analysis
results, hydraulic slotting extraction was carried out at the
optimized 2.85m along-seam borehole spacing and 3.1m slot
spacing for the 60m pretunneled through-coal seam tunnel.
For another section of tunnel with the same length, a
single-borehole extraction method was used as a blank
controller for analysis, and the borehole spacing of this
method was 2m. A schematic diagram of the borehole design
of the two methods is shown in Figure 6.

In order to compare the gas extraction effects of the two
methods, we carried out statistical analysis on the field gas
extraction, as shown in Figures 7 and 8, which are, respec-
tively, the variations of gas extraction concentration, the net
quantity of gas extraction, and the cumulative quantity of
gas extraction quantity over time. It can be seen from the
statistical data of gas extraction that it took 44 days to meet
the outburst prevention requirements with the single-
borehole extraction method, while it took only 15 days with
the method of extraction after hydraulic slotting, which
shortens the extraction period by 2/3 and greatly improves
the efficiency. Figure 7 shows that the gas extraction concen-
tration reached the peak concentration of 65% on the 43rd
day by the single-borehole extraction method, while the gas
concentration rose rapidly after hydraulic slotting, reaching
the peak concentration of 61% only on the 8th day. In
Figure 7, the net quantity of gas extraction of single-
borehole extraction kept a relatively gentle trend during the
first 35 days, all of which were below 0.2m3/min, and after
the 35th day, the net quantity of extraction slowly increased
to the peak value of 0.31m3/min. On the other hand, in the
case with hydraulic slotting extraction method, it reached
0.4m3/min on the 2nd day and quickly increased to the peak
value on the 6th day, about 1.1m3/min, which was 3.55 times
of the peak value of the net quantity of extraction with the
single-borehole extraction method. According to the total
quantity of extraction shown in Figure 8, the total quantity
of gas extracted with the single-borehole extraction method
was 10,011m3 after the gas pressure was lower than
0.74MPa, while it reached this value on the 11th day with
the method of extraction after hydraulic slotting, and after
the gas pressure reached the standard, the total quantity of
extraction reached 12,585.6m3, which was about 1.26 times
that of the unslotted extraction method. The data in
Figures 7 and 8 show that, compared with the traditional
single-borehole extraction method, the long-distance
through-coal seam tunnel adopting the method of hydraulic
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slotting for quick pressure relief and gas extraction can
quickly shorten the construction period, save the workload,
and achieve the extraction outburst prevention index.

The residual gas quantity and residual gas pressure
obtained with the two extraction methods are shown in
Table 2. Both of the cases can meet the outburst prevention

index, but the method of hydraulic slotting for quick pressure
relief, because of the larger pressure relief area and higher
extraction efficiency, can make the residual gas quantity
and residual gas pressure even lower.

6. Conclusions

(1) The differences between long-distance through-coal
seam tunnels and underground coal mine roadway
driving are analyzed. Compared with coal mine road-
way driving, the work of long-distance through-coal
seam tunnels generally has the characteristics of high
degree of surrounding rock breakage, low degree of
geological exploration, large cross-section of coal
uncovering, tight time and space for implementing
outburst prevention measures, strict control of
surrounding rock deformation, etc. According to
the outburst prevention characteristics needed for
long-distance through-coal seam tunnels, this paper
puts forward the method of networked slotting in
long-distance through-coal seam tunnels for rapid
pressure relief and outburst elimination

(2) The mathematical governing equation and gas
extraction numerical model of the method of
networked slotting in long-distance through-coal
seam tunnels for rapid pressure relief and outburst
elimination has been established. The extraction
simulation optimization analysis has been carried
out on the arrangement of borehole spacing and slot
spacing arrangement in this method, and the results
that have been obtained are the following: the
optimal borehole arrangement spacing is 2.85m
and the optimal slot arrangement spacing is 3.1m

(3) The efficiency of gas extraction of the method of
networked slotting in long-distance through-coal
seam tunnels for rapid pressure relief and outburst
elimination and the method of dense-borehole gas
extraction have been compared and analyzed, and
the reliability of the method of networked slotting
in long-distance through-coal seam tunnels for rapid
pressure relief and outburst eliminations has been
verified. The field experimental data of two kinds of
gas extraction methods in the through-coal seam
tunnel show that compared with the single-borehole
extraction method, the method of networked slotting
in long-distance through-coal seam tunnels for rapid
pressure relief and outburst elimination can shorten
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Figure 6: Schematic diagram of borehole arrangement for single-
borehole extraction and hydraulic slotting extraction.
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Figure 8: Total quantity of gas extraction vs. time.

Table 2: Outburst prevention index after extraction.

S/N Extraction method
Residual gas
content (m3/t)

Residual gas
pressure (MPa)

1
Single-borehole

extraction
7.2 0.71

2
Hydraulic slotting

extraction
6.5 0.68
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the extraction period by about 66%, increase the net
quantity of peak extraction by 3.55 times, and
increase the total quantity of gas extraction by 1.26
times when the outburst prevention index is reached.
Due to the larger pressure relief area and higher
extraction efficiency, the residual content and resid-
ual pressure of gas with this method are even lower.
The experimental results has verified the correctness
of the numerical analysis results as well as the reliabil-
ity of this method

Data Availability

The numerical simulation data used to support the findings
of this study are available from the corresponding author
upon request.
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