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In order to solve the problem of stress concentration and gas overrun in the process of uncovering high gas and thick coal seam,
combined with the occurrence characteristics of coal seams in Wuyang Coal Mine, the measures of “hydraulic and mechanical
cavity making + steel screen pipe + surrounding rock grouting” are adopted to establish a method for mutual verification of
multiple effect test indexes of residual stress, residual gas content, coal seam moisture content, and microseismic signal
characteristics, and the three-dimensional accurate analysis of the influence range of hydraulic cavitation is effectively realized. By
comparing and analyzing the gas extraction amount, the surrounding borehole stress change and the microseismic monitoring
signals before and after the application of hydraulic cavitation technology are studied. +e results show the following. (1) +e
pressure relief effect of the hydraulic cavity on surrounding coal decreases with the increase of distance, and the pressure relief
effect is most obvious at 1.0∼2.5m, in the range of 2.5–3.5m around the hydraulic drilling hole, the duration, rate, and amplitude
of pressure relief are reduced compared with those in the range of less than 2.5m, while in the range of more than 3.5m, the effect
of pressure relief is very weak. (2) During the period of hydraulic cavitation release hole, the radius of water supply to coal seam is
within 1.5m, which accounts for 79% of coal wall area. (3) It is also a process where the stress distribution in the coal and rock
body needs to be rebalanced before and after hydraulic caverning, which is often accompanied by microfracture of coal and rock
mass.+e analysis shows that, before hydraulic caverning, the waveform of coal and rock fracture signal has a short duration, large
amplitude, and obvious signal mutation, and the dominant frequency of the signal is about 250Hz, with large total energy. After
hydraulic caverning, the intensity of coal and rock fracture events is greatly reduced. +e research results can effectively identify
the influence range of hydraulic cavitation, improve the detection accuracy and efficiency of hydraulic cavitation range, effectively
predict and warn the hidden danger of mine safety, and provide a reference for the work of similar mines.

1. Introduction

At present, China’s coal mines have entered deep mining
areas, and the characteristics of high gas content, strong
adsorption, and poor air permeability of coal seams have
more obvious constraints on the efficient mining of the
mine, and because of the increase of the scale of coal mining,
the impact on the environment is bigger and bigger [1]. +e
key to efficient mining is to improve the permeability of coal
seam, realize the efficient predrainage of gas before mining,
and effectively reduce the content of gas in the coal seam. At

the moment, measures such as loose blasting [2–4], hy-
draulic slitting [5, 6], hydraulic punching [7, 8], and hy-
draulic fracturing [9–11] have been widely adopted to relieve
pressure and improve reflection of coal seams. But due to the
limitations of these measures, applicable conditions, such as
loose blasting and hydraulic slotting easily induced by coal
and gas outburst, stress, high hydraulic fracturing cracks
easily closed, and hydraulic punching limited by the rigidity
coefficient of coal, are susceptible to the limitation of geo-
logical structure and construction equipment; at the same
time, the effect evaluation of hydraulic hole forming is
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imminent. Microseismic monitoring technology is a geo-
physical real-time monitoring technology that studies and
evaluates the stability of coal and rock mass by using the
microseismic signals generated in the process of coal rock
failure under load [12, 13]. It can effectively identify different
coal and rock dynamic disaster signal types and charac-
teristics, evaluate the stability of coal internal structure, and
provide theoretical support for coal and rock dynamic di-
saster prevention in underground operation.

+e technology of hydraulic hole punching and cavi-
tation is to cut the coal around the drilling hole with a high-
pressure water jet under the condition of no one in the
working face to form a larger hole, increase the exposed area
of the coal body, relieve the pressure inside the coal seam,
and take the cut coal out of the hole with water flow. In the
process of hydraulic cavitation, a large number of coal bodies
are crushed and rushed out of the borehole under the impact
of high-pressure water flow, which can greatly reduce the in
situ stress of coal bodies. At the same time, cavitation causes
a large amount of coal caving to form several depressurized
caverns with a larger diameter, which increases the exposed
area of the coal seam, and forms a huge fracture network
around the caverns, which provides a large space for gas
migration and extraction and improves the permeability of
coal seam. In addition, hydraulic perforation and cavitation
make a large amount of water enter the coal body, improve
the desorption rate of gas in the coal body, and further
reduce the risk of coal and gas outburst [14]. Many scholars
have conducted in-depth research on this. Wang and Li [5]
and others conducted numerical simulation by using the
field measured data and found that after the implementation
of hydraulic extrusion measures in the heading face, the
stress of coal body in front of the heading face was redis-
tributed, the elasticity was reduced, the plasticity was in-
creased, and the permeability of coal body was enhanced.
+rough analysis, Li [6] concluded that water injection by
hydraulic extrusion can effectively reduce the gas content
and gas emission in coal, greatly reducing the risk of out-
burst; Yang andHu [7] and others pointed out that hydraulic
punching in high outburst coal seam can not only eliminate
the outburst risk of working face but also improve the
driving speed and working environment. Liu et al. [9] and
others elaborated the basic principle of hydraulic cavitation
technology based on the research background of Jiulishan
Mine with serious coal and gas outburst and pointed out that
hydraulic cavitation technology could effectively eliminate
the stress of excitation outburst, reduce the risk of coal seam
outburst, and increase the driving speed of roadway by 2-3
times. Lu and others [11] used 40∼60MPa high-pressure
water jet cutting measures for gas control in Rujigou coal
mine, effectively improved the coal seam permeability, in-
creased the gas drainage efficiency by 3∼6 times, and
eliminated the outburst risk in the process of mining. Zhang
[15] combined theoretical analysis with the field test, studied
the application effect of hydraulic hole making pressure
relief and permeability enhancement technology in coal
roadway bottom drainage, and showed that hydraulic hole
making drilling can have the effect of pressure relief and
permeability enhancement on coal body. Compared with

ordinary through-layer drilling, hydraulic hole making
technology increases the initial gas drainage concentration,
and the influence radius of drilling also increases by one
time. It can be seen that hydraulic cavitation has a good
improvement and promotion effect on coal seam gas release
and pressure relief, so it is extremely urgent to develop
hydraulic cavitation technology to prevent coal and gas
outbursts in the roadway.

+e coal mining depth of the Wuyang Coal Mine of
Shanxi Lu’an Group has reached more than 700 meters.
With the increase of mining depth, the permeability of the
coal seam itself and surrounding rock is reduced, and the
amount of gas is also increasing, and there are many times of
coal blasting in the excavation. In order to solve the
problems of stress concentration and gas overrun in the
process of uncovering high gassy thick coal seam, combined
with the occurrence characteristics of the coal seam in
Wuyang Coal Mine, by using the combination of “hydraulic
and mechanical cavity making + steel screen
pipe + surrounding rock grouting” outburst prevention
technology, the mutual verificationmethod of multiple effect
inspection indexes such as residual gas pressure, residual gas
content, K1 value, coal swelling deformation, coal seam
moisture content, and surrounding rock deformation is
established, which effectively realizes regional pressure relief,
water supplement, and surrounding rock stress control. In
this paper, by comparing the changes of gas drainage
amount and surrounding borehole stress before and after
hydraulic punching, the gas drainage effect after hydraulic
punching and the activated drainage radius after stress re-
lease are studied. Combined with the microseismic moni-
toring technology, the whole process monitoring and
comparative analysis of the spatial-temporal distribution
characteristics of microseismic events before and after the
measures and the dynamic response characteristics of the
signal waveform are carried out, and the activated extraction
radius after hydraulic cavity building is verified by contact
and noncontact means, which provides a theoretical basis for
preventing mine rock burst disaster.

2. Hydraulic Cavern Engineering Test

Wuyang Coal Mine mainly adopts 3# coal seam, and the gas
control measures are mainly prepumping coal seam gas by
drilling along the seam. In daily work, there are many
problems, such as a large amount of drilling engineering, the
easy collapse of drilling, and the low net quantity of single
hole, which directly lead to a long time of reaching the
standard of drainage and then cause a serious imbalance of
mining and drainage balance. +e attenuation coefficient of
borehole coalbed methane flow in 3# coal seam of Wuyang
Coal Mine is 0.0063 d−1, the permeability coefficient is
0.412∼0.88m2/MPa2•d, and the firmness coefficient is
f= 0.2∼0.5. According to the daily underground gas content
measurement results, the coal seam coalbed methane de-
sorption speed in this area is slow, and 60–70% of the
coalbed methane is comminuted desorption volume, which
directly leads to low single hole drainage volume of drainage
borehole. +e in situ stress in this area is large, complex, and
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changeable, and it is easy to collapse after drilling. It is
difficult to release the in situ stress in the drainage area and
then inhibit the coalbedmethane desorption, resulting in the
rapid attenuation of single hole drainage volume. In view of
this, it is urgent to adopt effective pressure relief and per-
meability enhancement technology to improve the gas
drainage effect.

2.1. Engineering Principle of Hydraulic Cavitation.
Assuming that the shape of the hole after hydraulic
punching is still circular, when the broken coal is discharged
from the hole, the diameter of the hole increases, and the
radius of the pressure relief zone is as follows:

Rx � Rx + x( exp
σr d/σci + s/mb( 

s/mb( 
 

1− a

·
σc − σcr( 

Q (2 − 2μ)σ0 − σr d (1 + μ)
+ 1 

− 1/(1+Np)

.

(1)

After hydraulic punching, the radius of the broken area
of the borehole increases, the pressure relief area increases,
the strain affects the stress change, and the stress around the
borehole obviously decreases. Based on the strain-softening
model of the H-B criterion, when the drilling hole is im-
pacted by a high-pressure water jet, the strength of coal
decreases. +e place where the coal is thus damaged and
displaced is called the crushing area. +e more distant it is,
the greater stress the coal body suffers, ending up going
beyond its own strength. +is happens in the plastic area.
When the stress of the coal body is less than its own strength,
the coal body will have elastic deformation within a certain
range, which is called the elastic area. +erefore, the stress-
strain curve of coal can be divided into an elastic stage,
softening stage, and residual stress stage, and the area of
corresponding coal around the drilling hole can also be
divided into an elastic zone, plastic zone, and crushing zone.
According to the distance from the hole, it can be divided
into pressure relief zone, stress concentration zone, and
original stress zone. And its distribution changes are shown
in Figure 1.

In the process of hydraulic pressure relief, the stress of
the coal body is released, the strength of the coal body is
destroyed, the permeability of the coal body in the pressure
relief area is increased, and the gas drainage rate is effectively
improved. +e stress around the hole drilling meets the
following equation:

dσr

dr
+
σr − σθ

r
� 0, (2)

where σr is the borehole stress, and σθ is the borehole
tangential stress.

To sum up, the evaluation of the scope and effect of
hydraulic cavity building should first examine whether it can
increase the pressure relief range of drilling along the coal
seam, whether it can concentrate the stress to move far away
and reduce the relative stress of the coal seam around the
cavity building area.+erefore, the borehole stress meter will

be used to test the change of relative stress at different
distances around the hole, and then, the influence range of
hydraulic cavitation can be analyzed.

2.2. Engineering Design of Hydraulic Cavity Making.
Combined with the actual situation of the Wuyang Coal
Mine, two types of test boreholes were constructed in this
study, which is hydraulic hole making boreholes and stress
test boreholes. +ey are divided into three groups, with 5
boreholes in each group, 3 hydraulic hole making boreholes
and 2 stress test boreholes. Now, 5 boreholes have been
tested in the 8006 air-return roadway. During the process of
drilling construction, high-pressure hydraulic punching is
carried out for hydraulic hole drilling; after the construction
of stress test drilling, the stress meter is installed, and the
stress meter is pressed to make the flexible detection unit
expand to the preset pressure of 5MPa and test the stress
condition during hydraulic hole drilling, and the drilling is
shown in Figure 2.

Drilling type: 2 stress test holes, Y1 and Y2, respectively;
3 hydraulic holes, S1, S2, and S3, respectively. Opening
height: the upper row of boreholes is hydraulic hole making
boreholes with an opening height of 1.8m; the lower row of
boreholes is stress testing boreholes with an opening height
of 1.6m. Opening spacing: nonequal spacing, as shown in
Figure 1. Drilling azimuth: all azimuth angles are 90° (0° for
the middle line of roadway). Borehole dip angle: coal seam
dip angle +1°. Drilling length: the hydraulic hole drilling is
the same as the daily construction, but it needs to be
conducted once in the 1m section of 15-16m; the stress test
drilling length is 16m. Drilling diameter: the hydraulic hole
drilling is the same as the daily construction; the stress test
drilling is Φ55mm.

3. Influence Range Analysis of
Hydraulic Cavitation

3.1. Stress Change Analysis of Surrounding Coal Body

3.1.1. Stress Data during Punching. Figure 3 shows the
relative stress drop values at different intervals during the
process of hydraulic cavitation, as shown in Figure 3:

① In the process of hydraulic cavitation, the relative
stress of the coal seam at the distance of 1.0m and
1.5m from the cavitation hole decreases significantly,
reaching 0.6MPa and 0.8MPa, respectively, indi-
cating that hydraulic cavitation at the above position
has played a relatively good pressure relief effect. As
the initial stress value at 1.0m is higher than 4.5MPa,
the pressure drop is more likely to occur when
subjected to coal seam strain. +erefore, the relative
stress drop at the distance of 1.5m is larger than that
at the distance of 1.0m.

② In the process of hydraulic cavitation, the relative
stress of the coal seam at the distance of 2.5m from
the cavitation hole has a certain decrease, which is
0.3MPa, indicating that the hydraulic cavitation can
still play a certain pressure relief role at this position,
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but it is weaker than that at the distance of 1.0m and
1.5m.

③ In the process of hydraulic cavitation, the relative
stress of the coal seam at the 3.5m interval of the
cavitation hole almost does not decrease, which is
only 0.1MPa, indicating that the pressure relief effect
caused by hydraulic cavitation at this position is very
weak.

3.1.2. Stress Data after Punching. After hydraulic cavitation,
the relative stress data at different distances were continu-
ously tracked, and the variation of the relative stress values
with time was analyzed, as shown in Figure 4.

① At 1.0m and 1.5m spacing between cavitation holes,
the relative stress of coal seam decreases obviously,
and the decrease speed is fast, the decrease duration is
long, and the decrease amount is large. +e decrease
amount at the distance of 1.0m and 1.5m from the
cavitation hole is 2.0MPa and 1.1MPa, respectively.
At a 1.0m interval, the decrease rate is 0.049MPa/h,
and the decrease rate is stable after 41 h. After a
continuous decrease for 31 h at a distance of 1.5m,
the decrease rate is 0.035MPa/h. It shows that the
pressure relief effect in the above area is very obvious.

② At the 2.5m spacing of cavitation holes, the relative
stress of coal seam drops relatively small, and the
amount of decrease is 0.3MPa. It remains stable after
a continuous decrease for 22 h, and the rate of decline
is 0.014MPa/h. +e decrease time is short and the
rate of decline is low, indicating that the pressure
relief effect here is weaker than that at the 1.0m and
1.5m spacing.

③ At the 3.5m spacing of cavitation holes, the relative
stress of coal seam drops less, with a decrease amount
of 0.2MPa, which remains stable after a continuous
decrease of 20 h and a decline rate of 0.010MPa/h,
indicating that the pressure relief effect here is weaker
than that at the 2.5m spacing.

According to relevant studies, the change rule of per-
meability coefficient of coal seam around hydraulic cavi-
tation drilling is as follows:

λ �

λ′, r � r0,

K

4μpn

+
λ′
2

e
− ar

, r0 < r<L,

λ0, r≥L.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(3)

λ′ is the permeability coefficient of the borehole wall, m2/
(MPa 2·d); λ0 is the permeability coefficient of the original
coal seam, m2/(MPa2·d); L is the stress distribution range of
borehole surrounding rock, m; r0 is the borehole radius of
line cavitation, m; pn is atmospheric pressure, 0.101325MPa;
K is the permeability of coal, m2; u is the dynamic viscosity
coefficient, μ� 1.08×10−5 Pa·s.

According to the above equation, hydraulic made hole
drilling hole wall of the coal seam permeability coefficient is
the largest, extending outward along the borehole diameter
direction of the broken zone, plastic zone of coal gas per-
meability coefficient of the original coal seam permeability is
obviously improved and made the hole stress, high coeffi-
cient of permeability of coal seam is the broken zone, and the
plastic zone is on the decline and gradually tends to be the
original coal seam permeability coefficient.

In conclusion, with the increase of the distance, the
pressure relief effect of hydraulic cavitation on the sur-
rounding coal decreases. +e pressure relief effect can be
obvious at 1.0∼2.5m, while the pressure relief effect is very
weak after 3.5m. +is is shown in Figure 5.

In order to ensure the safety and efficiency of roadway
excavation, the surrounding area of hydraulic hole drilling
>3.5m, the stress direction and gas content of roadway are
large, and the prevention and control measures of “hydraulic
and mechanical cavity making + steel screen
pipe + surrounding rock grouting” are adopted. +ere are 8
hole making boreholes in a single drilling field, with a depth
of 120m. +e adjacent boreholes start to make holes at 18m
and 15m, respectively, and the hole making spacing is 7m.
After verification, it is found that the effective gas fracturing
burst pressure to reduce the frequency of coal blasting is
more than 190MPa. In order to fully grasp the occurrence of
roof strata and bedding and fracture development, the
changes of bedding and fracture in borehole before and after
fracturing were compared. Before and after fracturing, the
borehole imager is used to peep the borehole. +e peep
image results are shown in Figure 6.

(1) Peep before fracturing: before fracturing, the bore-
hole wall is smooth, bedding and fracture are not
developed.

(2) Peep after fracturing:

① +e maximum peeping depth of the hole peeper
is 17m, and the part with the hole depth greater
than 17m cannot be observed temporarily.
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② +e number of microfractures, fracture expan-
sibility, and fracture number increase signifi-
cantly in the fracturing area.

③ On the seventh day after fracturing, the fractures
closed obviously and the dynamic events of
surrounding rock began to increase.

3.2. Spectrum Analysis of Microseismic Events in Hydraulic
Cavitation of Coal Roadway. Coal and rock dynamic di-
sasters occur in large intensity and are highly destructive.
Coal and gas outburst is one of the biggest coal and rock
dynamic disasters in mine production, which seriously
threatens the safe mining of the mine [16]. Underground

mining disturbance induces coal and rock to release a large
amount of elastic energy and high gas internal energy. Under
such conditions, the possibility of coal outburst is greater
and the probability of coal and rock dynamic disasters is also
greater [17]. In order to reveal the relationship between
thelaw of seismic activity and the change of stress before and
after hole making,the Canadian ESG microseismic moni-
toring system is used to monitor the wholeprocess of driving
roadway and summarize and analyze the data and the
temporal andspatial evolution process of microseismic
events before and after hole making, and the qualitative
analysis of roadway surrounding seismic dynamic response
waveform signal spectrum characteristics and
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Figure 6: Peep image (a) before fracturing, (b) after fracturing, and (c) 7 days after fracturing.
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implementation of rock burst signal remote, real-time,
dynamic, automatic monitoring identify each time the vi-
bration of the vibration types and judge the stress source of
microseismic events to face danger degree evaluation. Ta-
ble 1, for February 19–29 coal mine ring number and po-
sition, from February 19 to 24, shows the underground coal
and cannons, 44 noise cannons according to the noise source
and noise microseismic monitoring system for real-time
positioning from the roof and the ram position, monitoring
of more than 40 significantly coal YanWei burst incidents,
and calculation of wavelet packet energy 1.00 e+ 07 J above
26, February 21, which is thus around roadway roof where
microfracture occurs, the highest energy at 3.6 e+ 09 J. In
this case, the miner has successively adopted hydraulic
cavitation to relieve pressure on the coal seams from many
sources in the roadway. After the implementation, 21 sound
coal cannons were recorded from February 25 to 29, and
only 11 microseismic events with obvious power were sta-
tistically found, with small sound and energy. In addition, it
is found that the frequency of crosstalk is the most frequent
at 8 o’clock every day.+emain reason is that 8 o’clock is the
main driving time. During this time, the driving speed is
accelerated, the fault zone of the coal roadway is active, and
the coal gun is fired. As can be seen from Figure 7, after
adopting hydraulic cavitation to relieve the danger, both the
gas content and gas pressure in the coal seam are released,
and the number of underground sounding coal gunners and
microseismic events is significantly reduced. It can be seen
that this measure can keep the internal stress in the coal
seam in balance and has a good effect on maintaining the
stable state of the roadway and accelerating the driving
speed.

Research shows that coal and rock dynamic disasters
often occur in the axis of anticline and syncline, especially
near faults, coal seam dip angle change zone, coal seam fold,
and tectonic stress zone [18]. 8006 transport lane is located
in an active fault zone, the coal seam inclination of the
roadway is 4–14°, the tunneling face is close to the Eastern
Zhou anticline, the geological structure is complex, the
excavation activity caused by the increase of fault shear stress
and the decrease of normal stress is likely to induce mine
seismic activity, with the continuous advancement of tun-
neling work, and the roof activity is intense. According to the
dynamic event microseismic signal of coal and rock in the
roadway, the short-time Fourier transform and wavelet
packet transform are used to analyze the spectrum char-
acteristics. +e short-time Fourier transform (STFT) is
derived from the classical Fourier transform, on the basis of
which the time window function is added. STFT overcomes
the interference of cross term in nonstationary signal
analysis and is a powerful tool for nonstationary signal
analysis. +e expression is in the following form, including
t� τ:

STFT(τ, f) � 

∞

−∞

h(t)g(t − τ)e
(− 2iπf)

tdt, (4)

where f is the frequency, H(t) is the analyzed signal, g(t) is
the window function, and T is the time.

Figure 8 shows seismic signal spectrum analysis of coal
and rock burst. As shown in Figure 7 (February 21–24),
three times more large vibration signals, where, on Feb-
ruary 21, roadway roof fracture happens, analyze the ac-
quisition signal where the signal length is about 0.4–0.5
milliseconds, there is the short duration of the signal and
large amplitude (has reached the maximum amplitude of
sensor that can accept 4096mv), the signal total energy is
3.6 e + 09 J, the wavelet package signal energy is concen-
trated in the first band, since 2-band energy gradually
decreased, and 16-band wavelet packet energy almost re-
duced to 0 J. +erefore, it is ruled out that internal
microfracture signal occurs in coal and rock mass. For
further analysis, reasons of roof fracture to provide theo-
retical support for XieWei measures and the monitoring
signal Fourier transform to get the signal frequency of
250Hz satisfy large intensity spectrum characteristics of
vibration signals, and by the S transformation of its veri-
fication, it was found that the strength of large rupture
occurred ahead of the side of roadway roof rock mass, rock
burst, support, and pressure transfer to coal.

According to the analysis of coal and rock fracture that
occurred from 21 to 24 and formulate measures to relieve the
danger, hydraulic cavitation was adopted to relieve the
pressure in the roadway. After the measures were adopted,
three obvious coal and rock dynamic phenomena occurred
successively from 25 to 29 days. Figure 9 makes hydraulic
hole after microseismic signal spectrum analysis, discovered
by Figure 8 after the hydraulic hole builds microseismic
signal waveform amplitude slash, remaining within the
2000mv, of which 200–800mv, the signal frequency is
obtained by Fourier transform concentrated in about
200Hz, mostly in 200Hz, significantly lower than building
hole before the main frequency, and the frequency range is
also greatly narrowed; through the frequency domain
analysis of S-transform, it is found that the main frequency
points of surrounding rock dynamic events are low after
hydraulic cavern building; most of them are caused by small
coal rock falling, which will not affect the normal driving of
coal roadway. Visible XieWei measures after execution and
the coal and rock dynamic events are small rock failure or
tunneling roadway coal drop ahead and will not affect
drivage work, also not to endanger the safety of staff and
facilities of the safety of life.

3.3.MoistureChangeAnalysis of SurroundingCoal. After the
hydraulic measures, the surrounding coal mass moves to-
ward the borehole, causing the crack expansion, and at the
same time, the high-pressure water will also flow along with
the crack expansion to supplement the water of the coal
seam [19–21]. +erefore, the water replenishment range of
coal seam is approximately consistent with the crack ex-
pansion range. Since the crack extension range directly
measured in the coal wall of the working face is affected by
the visible width of the crack and the continuous expansion
of mining-induced stress [22, 23], the reliability of the
measured crack extension range is not high (as shown in
Figure 10, only obvious cracks can be observed and it is
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Figure 8: Continued.

Table 1: Statistics of noise coal gun in the roadway.

Date Frequency of
sound

Frequent noise
frequency

Sound
frequency Position

February 20th 12 8 o’clock 6 Middle of roof
February 21th 2 4 o’clock 1 Roof fracture
February 22th 2 8 o’clock 2 —
February 23th 13 8 o’clock 8 Wind tunnel gang
February 24th 15 8 o’clock 7 +ere are 4 air ducts and two pedestrians

February 25th 13 8 o’clock 9 Air duct, pedestrian, 10–15m from head to back 10-
15m

February 26th 2 8 o’clock 9 —
February 27th 6 4 o’clock — —
February 28-
29th 0 — — —
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Figure 7: Diagram of the daily number of microseismic events.
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Figure 9: Frequency spectrum characteristics of microseismic signals after hydrocavern building. (a) Fourier transform results of coal rock
fracture. (b) S-transform results of coal rock fracture.
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Figure 10: Fracture expansion range. (a) +e distance between the two hole making holes is 3m, and the cracks are completely connected.
(b) +e diameter of a single hole is 0.7m, and it has collapsed after coal cutting.

Original signal

Ti
m

e (
po

in
ts)

S transform Original signal S transform

200

400

600

800

1000

1200

1400

1600

1800

Original signal S transform

200

400

600

800

1000

1200

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

Ti
m

e (
po

in
ts)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

Ti
m

e (
po

in
ts)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

Ti
m

e (
po

in
ts)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

00

Ti
m

e (
po

in
ts)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

Ti
m

e (
po

in
ts)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

–4
00

0

–2
00

0

0 20
00

40
00

Amplitude (mV)

200

400

600

800

1000

1200

1400

1600

1800

0 12
50

25
00

37
50

50
00

Frequency (Hz)

–4
00

0

–2
00

0

0 20
00

40
00

Amplitude (mV)

0 12
50

25
00

37
50

50
00

Frequency (Hz)

–4
00

0

–2
00

0

0 20
00

40
00

Amplitude (mV)

0 12
50

25
00

37
50

50
00

Frequency (Hz)

(b)

Figure 8: Spectrum diagram of coal rock fracture signal from February 21 to 24. (a) Fourier transform results of coal rock fracture. (b) S-
transform results of coal rock fracture.
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difficult to determine the cause of the crack), so the water test
is used to calculate the coal seam water supply range.

According to the data in Figure 11, it can be seen that the
average moisture of coal seam within the test range increases
from 1.09% of raw coal to 3.16%, and the maximum reaches
5.15%. During the test, considering the influence of two
ordinary holes in themiddle of the roadway, the radius of the
test area was 1.1m, and the water content at the edge of the
test area was still far greater than that of the raw coal.
According to the variation law of each water test point, the
radius of the water replenishing range was 1.5m, so the
water replenishing range of the working face by the hy-
draulic cavitation release hole technology exceeded 79% of
the area of the coal wall.

On the one hand, hydraulic cavitation release drill plays
the role of pressure relief and reflection improvement,
speeding up the release of gas from the broken coal body,
and on the other hand, it also plays the role of water
replenishing and wetting the coal body around the cave and
inhibiting the desorption of gas from the wet coal body
[24–27]. After sampling at the opening of 8006 return air
roadway, the coal sample with 0.17–0.25mm, and the
particle size was obtained from No. 3 coal seam of Wuxiang
Coal Mine through grinding. Natural desorption experi-
ments of coal under different moisture and unified equi-
librium pressures were carried out. +e variation curve of
gas desorption velocity over time is shown in Figure 12.

+e following can be seen from the above experimental
results:

(1) +e desorption law of coal samples with different
water contents conforms to the power exponential function.
(2) +e coal sample with 1% moisture has the highest
coalbedmethane desorption rate, and the fitting coefficient B
value reaches 1.7233, which indicates that the methane
desorption of coal sample with 1% moisture has the char-
acteristics of high initial gas desorption rate and fast decay
rate. With the increase of water content, the B value of the
injected coal samples decreased from 1.7233 to 0.9342,
which indicated that water injection affected the desorption
rate of methane in the coal samples, making the initial
desorption rate smaller and the attenuation rate slower. +e
initial desorption velocity is reduced by water injection, and
the desorption process becomes more gentle, avoiding the
sudden release of a large amount of coalbed methane. (3)
With the increase of water content, the initial gas desorption
velocity B value decreases continuously. +e decrease of the
initial gas desorption rate in the water-injected coal sample
can effectively prevent the sudden and massive gas de-
sorption, which is beneficial to the prevention and control of
coal and gas outbursts. With the increase of moisture, the
attenuation rate slows down, and the desorption of methane
in coal becomes more uniform, and it is not easy to release a
large amount of methane in case of a slight disturbance.

+e above experimental results are the important reason
for the slow attenuation of the extraction pure volume of
hydraulic cavitation borehole and the fundamental reason
for the low gas concentration in the backflow during coal
cutting in the tunneling face under the action of hydraulic
cavitation release hole.

3.4. Analysis of Gas Change in Surrounding Coal.
+rough the statistical analysis of the content test results of
8006 air-return roadway and haulage roadway and the air-
return flow data of developing face, it is found that the
content is not the root cause affecting the air-return flow
concentration of developing face, but the root cause lies in
the desorption characteristics of coal in a short time. +e
coal breaking process during coal cutting is the direct reason
for the increase of gas concentration in return for air flow.
Generally, the whole coal cutting time lasts about
40minutes, and the coalbed methane sources include free
gas in the coal body, W1 +W2, and fresh head-on natural
release. Table 2 shows the comparison of gas content test
results after taking danger relief measures.

According to the calculation formula of coalbedmethane
content, various indexes of coal content and free gas in the
8006 air-return roadway and haulage roadway are obtained.

x �
abp

1 + bp
×
100 − Ad − Ma d

100
×

1
1 + 0.31Ma d

+
10πp

c
.

(5)

In the formula, x is the residual gas content of coal seam,
m3/t; a and b are the adsorption constant; p is the residual
gas pressure of coal seam, MPa; Ad is the ash content of coal,
%; Mad is the moisture of coal, %; π is the porosity of coal,
m3/m3; c is the bulk density of coal proportion (false), t/m3.

Among them (abp/(1 + bp)) × ((100 − Ad − Ma d)/
100) × (1/(1 + 0.31Ma d)). 10πp/c is adsorbed gas and free
gas.

As shown in Table 2, after the implementation of hy-
draulic hole making and hazard relief measures, the free gas
content, fresh head natural gas release content, gas pressure,
and total gas released by coal body during coal cutting have
been reduced. It can be seen that hydraulic hole punching
and hazard relief measures have a good effect on reducing
gas content.

4. Results and Analysis

Based on the test and research background of 8006 haulage
roadway in the Wuyang Coal Mine expansion area, this
paper analyzes the influence scope of hydraulic punching
and the stress transformation of surrounding coal body by
arranging stress test boreholes and hydraulic hole making
boreholes in different directions; it is found that the pressure
relief effect of hydraulic cavitation on surrounding coal
decreases with the increase of distance, and the pressure
relief effect is obvious at 1.0–2.5m, but it is very weak after
3.5m; meanwhile, the water content of coal seam is greatly
increased by hydraulic cavitation measures, the maximum
water content reaches 5.15%, and the radius of water sup-
plement for coal seam is 1.5m. Combined withmicroseismic
monitoring technology, the intensity change of coal rock
dynamic events before and after hydraulic cavern building
was analyzed. It was found that the amplitude of micro-
seismic signal waveform decreased greatly after hydraulic
cavern building, the frequency also decreased from above
250Hz to about 150Hz, and the intensity of coal rock

10 Advances in Civil Engineering



dynamic events was far less than that before hydraulic cavern
building and pressure relief. Based on the analysis of water
content and coalbed methane change of coal body around the
hydraulic cavern, it is found that hydraulic cavern can ef-
fectively prevent a sudden large amount of coalbed methane
desorption, which is very beneficial to the prevention and
control of coal and coalbed methane outburst. +e research
shows that the hydraulic cavity can release the pressure of coal

seam coalbed methane greatly, keep the roadway stable, and
improve the driving speed. However, the selection of test sites
is limited, the spatial analysis of coal and rock dynamic events
monitored by themicroseismicmonitoring system is not deep
enough, and the research on the relative position relationship
between coal and rock dynamic events and hydraulic cavern
formation is not specific enough. +is part should be em-
phasized in the follow-up research.
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Figure 11: Water supplement of coal seam around cavern forming a hole at (a) 20m, (b) 50m, and (c) 80m of cavern forming mileage.
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Figure 12: Gas desorption rate of coal sample under different moisture conditions (gas desorption speed when equilibrium pressure is
2.5MPa and water content is 1%, 3%, and 5%).

Table 2: Comparison of gas content test results after taking measures.

Test tunnel Before and after
the measures

Average
W1 +W2

Average
W

Average
W3 m3/t

Pressure
MPa

Free
gas

During coal cutting total
amount of gas released from

coal
(w1 +w2)/w

8006 air-
return

Before 4.06 14.33 7.60 1.56 0.38 4.06 0.29
After 2.61 12.14 7.17 1.02 0.25 2.61 0.21

8006
haulageway

Before 4.16 14.38 8.42 1.38 0.35 4.16 0.30
After 3.08 12.90 7.44 1.10 0.28 3.08<X< 3.36 0.24
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5. Conclusion

(1) +e paper makes a comparative analysis of the stress
variation of coal seam during and after hydraulic
cavitation and finds that the relative stress of coal
seam decreases gradually with the extension of time,
and the pressure relief effect gradually appears. In the
range of less than 2.5m around the hydraulic hole
drilling, the pressure relief duration is long, the
pressure relief rate is fast, and the pressure relief
amplitude is large. +e pressure relief effect of hy-
draulic hole drilling is the best. In the range of
2.5–3.5m around the hole, the duration, rate, and
amplitude of pressure relief are reduced. Although
the hydraulic cavity can produce a certain pressure
relief effect, it is relatively weak. Within the range of
above 3.5m around the hole, the available pressure
relief effect can hardly be observed.

(2) +rough the analysis of the moisture change of the
surrounding coal body during hydraulic cavitation,
the conclusions are as follows: during the process of
drilling, the coal body in the face of the working face
is basically communicated through the cavity mak-
ing fissures, and the free coalbed methane also
dissipates through these fissures in advance. How-
ever, the disturbance of the common hole to the coal
seam is far less than that of the hydraulic hole. +e
hydraulic hole making and releasing technology is of
great significance to the construction. +e head-on
water supply scope of the working face should exceed
79% of the coal wall area.

(3) +rough time-frequency analysis of tunnel micro-
seismic events before and after hydraulic cavitation
found that the main frequency of coal rock fracture
signal before hydraulic cavern building is about
250Hz, and the signal is continuous. Multiple groups
of signals are similar, with rapid attenuation, short
duration, high main frequency, large specific gravity
value, large signal duration, and released energy. It
shows that the impact of microseismic events will
cause the sudden increase of deformation energy of
surrounding rock of mine roadway and cause large-
scale damage events, which will cause the collapse of
coal rock. With the increase of coalbed methane
content and coalbed methane pressure, the intensity
of coal rock fracture dynamic event is greatly weak-
ened after the implementation of hydraulic cavity-
making measures, which shows that this measure has
a good effect on coal seam pressure relief.
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