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Under the influence of advanced abutment pressure, the tightness of a borehole is destroyed, so secondary borehole sealing is
needed; however, the opportune time for a secondary borehole sealing is unclear. In addition, current borehole-sealing devices
do not have a secondary borehole-sealing functionality. In this paper, an opportunity election model of secondary borehole
sealing was established, and a dynamic secondary borehole-sealing device was developed. In working face 3908 of the Kaiyuan
Coal Mine, an in situ dynamic secondary borehole-sealing test was conducted. The test results show that the tightness of the
boreholes sealed with high-water-expansion slurry is obviously better than that of the boreholes sealed with cement mortar and
polyurethane. When a borehole is destroyed by the peak of the advanced abutment pressure, the secondary borehole-sealing
measures can significantly improve borehole suction pressure, gas concentration, and gas drainage amount in the advanced
abutment pressure loading stage.

1. Introduction

Coalbed methane is a kind of nonconventional natural gas
associated with coal and adsorbed in coal seams, and coun-
tries all over the world exploit and utilize it as a substitutive
strategic new energy source [1, 2]. The increase in coal seam
mining depth in China means an increase in the pressure gra-
dient of coalbed methane, and coalbed methane emission
from mining increases accordingly [3, 4]. In China, gas
drainage from a coal seam is usually performed through
boreholes along the coal seam. Nevertheless, coal seams in
China are universally characterized by low permeability, so
the gas flow rate from boreholes along the coal seam is very
low. In addition, with the continuous enlargement of road-
way deformation, the tightness of the boreholes along the
coal seam weakens, and fresh air enters the drainage pipeline
via the drainage boreholes, so the gas concentration from the
mining seam decreases while the suction pressure loss
increases, which greatly increases the utilization cost of gas
from a mining seam [5]. Therefore, how to raise the gas flow
rate and concentration from a mining seam and reduce the

suction pressure loss in the pipeline have become key aspects
that need to be urgently addressed.

When coal is extracted, the coal masses experience an in
situ stress stage, an advanced abutment pressure loading
stage, and an unloading stage after the peak of the advanced
abutment pressure vertically in turn (Figure 1) [6]. At the
unloading stage after the peak of the advanced abutment
pressure, the permeability of coal masses increases gradually;
in particular, at the late unloading stage, coal masses near the
coal wall are destroyed owing to the decrease in horizontal
stress, and the permeability of coal masses might increase
by 2-3 orders of magnitude, exhibiting pressure relief and
permeability increase, so the gas flow rates from boreholes
in this range become an order of magnitude greater than
those from boreholes in the in situ stress area. However, at
the unloading stage after the peak of the advanced abutment
pressure, the permeability of the coal mass increases, while
the tightness of the borehole is destroyed, so a large amount
of fresh air enters the borehole, resulting in a sharp decrease
in both the suction pressure and gas drainage concentration
in the borehole, and the advantage of high permeability in

Hindawi
Geofluids
Volume 2018, Article ID 1723019, 11 pages
https://doi.org/10.1155/2018/1723019

http://orcid.org/0000-0002-3616-1354
http://orcid.org/0000-0001-6525-3023
https://doi.org/10.1155/2018/1723019


the advanced abutment pressure loading stage could not be
effectively exploited.

The damaged boreholes should be sealed again. Selecting
the right timing is the key to improve the tightness of the
borehole. Nevertheless, the opportune time for secondary
borehole sealing is unclear. In addition, with existing
borehole-sealing devices, one cannot take remedial measures
after the borehole tightness is destroyed by the advanced
abutment pressure, and the favourable opportunity for gas
drainage at the advanced pressure unloading stage is missed.
In this paper, an opportunity election model of secondary
borehole sealing was established, and the critical gas concen-
tration for secondary borehole sealing was obtained finally
through calculation. In addition, a dynamic secondary
borehole-sealing device was also developed in this paper.
The secondary borehole-sealing test was conducted by using
the high-water-expansion borehole-sealing material after the
borehole tightness was destroyed, and gas drainage after
secondary borehole sealing was investigated.

2. Opportunity Election Model of
Secondary Borehole-Sealing

It is crucial to choose the correct timing for secondary bore-
hole sealing. In order to obtain a reasonable timing, an
opportunity election model of secondary borehole sealing
was established in this paper.

2.1. Establishment of the Model. When coal is extracted, the
working face advances constantly and the coal masses in
front of the working face experience an elastic deformation
stage and a plastic deformation stage after the peak of the
advanced abutment pressure vertically, in turn, which corre-
spond to the elastic deformation area and the plastic defor-
mation area, respectively. To facilitate the development of
the model, a generalized process was devised by assuming
that n groups of boreholes were laid in the elastic defor-
mation area and only 1 group of boreholes were laid in the
plastic deformation area at a working face in the Kaiyuan

Coal Mine (Figure 2). The processes for both are presented
as follows:

(1) Gas flow rate from boreholes in the elastic deforma-
tion area: a field test was conducted for the gas flow
rate from boreholes in the elastic deformation area
of the intake airway for the 3710 working face, and
the curves of the gas flow rate from boreholes versus
suction pressure in the elastic deformation area were
obtained, as shown in Figure 3(a). As can be dis-
cerned from Figure 3(a), the correlation between
the gas flow rate from each borehole and the suction
pressure is not evident in the elastic deformation
area. The gas flow rate from boreholes attenuated
with drainage time according to an exponential law,
so the gas flow rate qti (in m

3/min) from the ith group
of drainage boreholes into the main pipeline can be
expressed as follows:

qti = k1i exp k2it , 1

where k1i is the initial gas flow rate from the ith group
of drainage boreholes inm3/min, k2i is the attenuation
coefficient of the gas flow rate from the ith group of
drainage boreholes, and t is the drainage time in days.

(2) Gas flow rate from boreholes in the plastic deforma-
tion area: in the plastic deformation area, the perme-
ability of the coal mass increased rapidly by 2-3
orders of magnitude, exhibiting a “pressure relief
and permeability increase” effect; the gas flow rate
from boreholes in this area was extremely sensitive
to the suction pressure. The test results showed that
the gas flow rate qs (in m3/min) from boreholes
increased with the suction pressure according to a
logarithmic function (Figure 3(b)), so

qs = k3 ln pc + k4, 2

where pc is the suction pressure in grouped boreholes
in the plastic deformation area in pascals, and k3 and
k4 are fitting coefficients.
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Figure 1: Variation of stress and suction pressure in front of the working face.
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The field test results showed that the gas flow rates from
boreholes in different areas had different sensitivities to the
suction pressure; the gas flow rate from boreholes in the elas-
tic deformation area was not sensitive to the suction pressure,
whereas that in the plastic deformation area was very sensi-
tive to the suction pressure. Therefore, in order to reduce
the pipeline friction resistance and raise the borehole suction
pressure in the plastic deformation area, the boreholes with
low-concentration gas should be sealed again at the right
time. Nevertheless, for a specific mine, the critical gas
concentration for secondary borehole sealing is unclear.

According to the Fanning equation, the friction resis-
tance R (in pascals) of gas flow in a round pipe under a
laminar flow state is given as

R = 32sμu
d2

, 3

where s is the pipeline length in meters, μ is the dynamic
viscosity of the gas in Pa ⋅ s, u is the gas flow speed in m/s,
and d is the pipeline diameter in meters.
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Figure 2: Schematic diagram of gas drainage characteristic zoning and distribution of drainage boreholes at the mining seam.
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Figure 3: Relations between the gas flow rate from a borehole versus suction pressure in the elastic deformation area and the plastic
deformation area. (a) Elastic deformation area. (b) Plastic deformation area.
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The pipeline friction resistance Ri (in pascals) caused by
the convergence of gas from the ith group of boreholes into
the main pipeline in the elastic deformation area can be
acquired through (1) and can be expressed as follows:

Ri =
32siμk1i exp k2iti

15πd4
, 4

where k1i and k2i are fitting coefficients and ti is the time
in days.

The suction pressure Pc (in pascals) in grouped boreholes
in the plastic deformation area can be expressed as follows:

Pc = P −
32μ
15πd4

〠
n

i=1
sik1i exp k2iti , 5

where P is the suction pressure (in pascals) in the main pipe-
line on the mining-stop-line side.

It was assumed that the gas concentration from the ith
group of boreholes in the elastic deformation area declined

to ci, so that the inleakage fresh air flow rate from this group
of boreholes can be expressed as follows:

qa =
k1i exp k2iti 1 − ci

ci
6

The suction pressure loss Ri′ (in pascals) in a borehole in
the plastic deformation area caused by air leakage through
the ith group of boreholes in the elastic deformation area
can be obtained by substituting (6) into (4):

Ri′ =
32μasik1i exp k2iti 1 − ci

15πd4ci
, 7

where μa is the dynamic viscosity of air in Pa ⋅ s.
According to the relationship between the gas flow rate

from boreholes in the plastic deformation area and the suc-
tion pressure, the decrease in gas flow rate QΔ (in m3/min)
in the plastic deformation area caused by air leakage through
the ith group of boreholes in the elastic deformation area can
be expressed as follows:

If qti >QΔ, then it was necessary to maintain drainage
from this group of boreholes, because the existence of this
group of boreholes has a positive effect on the increase in
total gas flow rate at the mining seam.

If qti <QΔ, then this group of boreholes should be
sealed again to raise the suction pressure in the plastic
deformation area, increasing the gas flow rate in the plastic
deformation area.

2.2. Example Verification and Application. To verify the
reliability of the opportunity election model for secondary
borehole sealing, the 3710 working face in the Kaiyuan Coal
Mine was used as an example for calculation in this study.
Gas drainage at the mining seam was conducted from 326
boreholes in 53 groups in the intake airway for the 3710
working face in the Kaiyuan Coal Mine on October 29, and
the total gas flow rate in the main pipeline in the intake
airway was 3.6m3/min on that day.

The values assigned to coefficients in the negative expo-
nential function and logarithmic function of the model can
be obtained according to the fitting results of field test data
of the gas flow rate from boreholes in various areas at the
3710 working face. The values assigned to all fluid properties
of the gas were obtained under normal temperature and
normal pressure. The model parameters are listed in Table 1.

The suction pressure loss caused by inleakage of fresh air
in the pipeline in the intake airway for the 3710 working face
on October 29 can be calculated by substituting the model
parameter values in Table 1 into (7), and then the attenuation

curve of the suction pressure in the intake airway for the 3710
working face can be calculated. The comparison curves
between field test results and model-calculated results are
shown in Figure 4. It can be seen from the test results that
the suction pressure in the 1st group of boreholes near the
mining stop line was 4 kPa, the suction pressure in the bore-
holes attenuated constantly with the extension of the pipe-
line, and the suction pressure in the 52nd group of
boreholes declined to 2.8 kPa, which was 30% lower than
the suction pressure in the 1st group of boreholes. The test
results basically agree with the model-calculated results.

The variation of the suction pressure loss caused by
inleakage of fresh air in the 52nd group of boreholes and
the gas flow rate in the plastic deformation area under differ-
ent concentrations can be calculated with (5) and (2), as
shown in Figure 5. As can be discerned from Figure 5, with
the decrease in gas concentration, the suction pressure loss
caused by the 52nd group of boreholes increased gradually;
in particular, the suction pressure loss increased sharply at
the low-concentration stage, which significantly influenced
the gas flow rate in the plastic deformation area.

The gas flow loss caused by air leakage through the 52nd
group of boreholes can be calculated with (8), as shown in
Figure 6. As can be discerned from Figure 6, when the gas
concentration in the 52nd group of boreholes was <15%,
the gas flow loss in the plastic deformation area caused by
air leakage through this group of boreholes was more than
the gas flow rate from this group of boreholes; at this
moment, this group of boreholes should be sealed again to

QΔ = k5 ln
P − 32μ/15πd4〠n

i=1sik1i exp k2iti
P − 32μ/15πd4〠n

i=1sik1i exp k2iti − 32μasik1i exp k2iti 1 − ci /15πd4ci
8
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raise the gas concentration in the pipeline at the mining
seam, with the total gas flow rate being guaranteed.

3. Experimental Study on Dynamic Secondary
Borehole Sealing

3.1. Secondary Borehole Sealing Experimental Device. Under
the influence of the advanced abutment pressure, the tight-
ness of the borehole is destroyed, so secondary borehole
sealing is needed. However, current borehole-sealing devices
do not have a secondary borehole-sealing functionality. To
solve the above problems, a secondary borehole-sealing
experimental device (Figure 7) was developed. This experi-
mental device uses an iron pipe to simulate the drainage
borehole. With a length of 6m and an inside diameter of
120mm, the iron pipe was divided into upper and lower
halves along the central axis and spliced with rectangular
flanges and sealing gaskets (Figures 7(a) and 7(c)). At the
time of the primary borehole sealing, the slurry fills the bag
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Figure 4: Comparison between field test results and model-
calculated results.

Table 1: Model parameters.

Parameter Parameter value Parameter Parameter value Parameter Parameter value Parameter Parameter value

t (days) 180.000 μa (Pa·s) 1.84× 10−5 k1 26 0.241 k2 26 −0.020

L (m) 1190 d (m) 0.180 k1 27 0.497 k2 27 −0.031

μ (Pa·s) 1.11× 10−5 P (Pa) 4000 k1 28 0.267 k2 28 −0.017
k1 1 0.360 k2 1 −0.007 k1 29 0.151 k2 29 −0.020
k1 2 0.346 k2 2 −0.015 k1 30 0.420 k2 30 −0.025
k1 3 0.176 k2 3 −0.012 k1 31 0.321 k2 31 −0.012
k1 4 0.228 k2 4 −0.124 k1 32 0.175 k2 32 −0.008
k1 5 0.326 k2 5 −0.077 k1 33 0.149 k2 33 −0.017
k1 6 0.150 k2 6 −0.007 k1 34 0.324 k2 34 −0.031
k1 7 0.245 k2 7 −0.014 k1 35 0.318 k2 35 −0.011
k1 8 0.140 k2 8 −0.015 k1 36 0.091 k2 36 −0.00049
k1 9 0.369 k2 9 −0.029 k1 37 0.370 k2 37 −0.012
k1 10 0.382 k2 10 −0.052 k1 38 0.185 k2 38 −0.082
k1 11 0.242 k2 11 0.000 k1 39 0.396 k2 39 −0.225
k1 12 0.140 k2 12 −0.062 k1 40 0.108 k2 40 −0.030
k1 13 0.503 k2 13 −0.028 k1 41 0.108 k2 41 −0.006
k1 14 0.129 k2 14 −0.006 k1 42 0.470 k2 42 −0.107
k1 15 0.213 k2 15 −0.089 k1 43 0.140 k2 43 −0.005
k1 16 0.129 k2 16 −0.007 k1 44 0.525 k2 44 −0.026
k1 17 0.182 k2 17 −0.011 k1 45 0.081 k2 45 −0.211
k1 18 0.154 k2 18 −0.008 k1 46 0.182 k2 46 −0.122
k119 0.279 k2 19 −0.037 k1 47 0.275 k2 47 −0.053
k1 20 0.393 k2 20 −0.022 k1 48 0.411 k2 48 −0.109
k1 21 0.131 k2 21 −0.009 k1 49 0.394 k2 49 −0.038
k1 22 0.398 k2 22 −0.090 k1 50 0.222 k2 50 −0.075
k1 23 0.267 k2 23 −0.017 k1 51 0.314 k2 51 −0.011
k1 24 0.189 k2 24 −0.165 k1 52 0.354 k2 52 −0.063
k1 25 0.065 k2 25 −0.010 k3 2.4 k4 −14.8
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in the inner section and the bag in the middle section first.
When the design pressure is reached, the explosion valve is
opened and the slurry fills the space between the two bags.
At the time of the secondary borehole sealing, the slurry fills
the outer bag close to the orifice. When the design pressure is
reached, the explosion valve is opened and the slurry fills the
outer sealing section. After filling the space outside the
borehole-sealing pipe, the slurry enters the additional devices
outside the iron pipe (Figures 7(b) and 7(d)). The flow condi-
tions of the slurry can be observed through these additional
devices. During the secondary borehole-sealing experiment,
the developed borehole-sealing device worked accurately,
providing secondary borehole-sealing functionality to guar-
antee repair of the failed borehole in the advanced abutment
pressure loading stage.

3.2. Borehole-Sealing Material. In the last few decades, some
sealing materials have been developed. Zhai et al. developed
a flexible paste sealing material [7]. Sun et al. studied the
influence of sodium hydroxide content in borehole-sealing
materials on the setting time and concluded that sodium
hydroxide can accelerate the crystallization of cement-type
borehole-sealing materials [8]. Ren et al. made cement-type
borehole-sealing materials that allowed simple operation at
low cost [9]. Stryczek et al. studied the rheological parameters
of fresh sealing slurries and ways of improving their liquidity
by using a properly selected third-generation superplasticizer
[10]. Pusch described a technique to delay hydration and
maturation of borehole seals of clay [11]. Van Geet et al.
studied the feasibility of sealing off a borehole in plastic
Boom clay by means of precompacted bentonite blocks
[12]. Akgun and Daemen studied the influence of elevated
temperature and degree of saturation on the borehole-
sealing performance of a cement grout and found that the
axial strength decreases with increasing curing and testing
temperature [13, 14]. However, dry shrinkage will occur for
sealing materials in the setting process, resulting in a contin-
uous decline in borehole tightness. In order to solve the above
problem, a high-water-expansion material was developed

[15]. The high-water-expansion slurry has a certain degree
of expandability after the final setting, overcoming the dry
shrinkage effect of the other borehole-sealing materials.

The high-water-expansion material is made by adding
material C (an expansion agent) into the high-water material
as an auxiliary material. The addition of material C enables
the high-water material slurry to expand during the curing
process, which enhances the sealing performance of the
slurry on the fractures of coal rock masses around the gas
drainage borehole. The hydrated product of the high-water-
expansion material is mainly ettringite, and its molecular
formula is (Ca6Al2(OH)12∙24H2O)∙(SO4)3∙2H2O. Ettringite
exhibits strong crystallization when it is dissolved in water.
After crystallization, it forms needle-like crystals, which are
interwoven into a network structure, as shown in Figure 8.
Studies have shown that the ettringite crystals can retain
water equivalent to 75% of their own mass even if they are
fully compressed under stress [16].

3.3. In Situ Experiment

3.3.1. Overview of Experimental Working Face. To investigate
the effects of applying different borehole-sealing materials
and borehole-sealing techniques, a comparative test of the
borehole-sealing effects of high-water-expansion materials,
cement mortar, and polyurethane and a dynamic secondary
borehole-sealing test were conducted in the return airway
of working face 3908 of the Kaiyuan Coal Mine. The average
thickness of the coal seam at working face 3908 is 2.34m. The
working face elevation is 702–749m, and the ground eleva-
tion is 1109–1172m. The strike length is ~1469m, the incli-
nation length is 220m, and the area is 323,180m2. The dip
angle of the coal seam averages 4°, the horizontal length of
the boreholes in the coal seam is 120m, and the borehole
diameter is 120mm.

3.3.2. Experimental Scheme. To compare the effects of differ-
ent borehole-sealing materials, an observation station was set
up at a distance of 100m from the cutting hole of working
face 3908, and six boreholes along the coal seam were drilled
in the observation station: boreholes HW-1 and HW-2 were
sealed with the high-water-expansion slurry, boreholes CM-1
and CM-2 were sealed with cement mortar, and boreholes
PU-1 and PU-2 were sealed with polyurethane, as shown in
Figure 9.

To investigate the secondary borehole-sealing effect,
secondary borehole sealing was performed on boreholes
HW-1 and HW-2 when their tightness was destroyed by
the advanced abutment pressure (sealing length of 8m), but
no secondary borehole sealing was performed on boreholes
CM-1, CM-2, PU-1, and PU-2. The comparative test scheme
for different borehole-sealing materials and techniques is
shown in Figure 10.

3.3.3. Analysis of Experimental Results. Borehole sealing was
performed immediately after the construction of boreholes,
and then the valve on the borehole pipeline was closed. As
the amount of gas emission from the borehole increases,
positive pressure begins to build up inside the borehole. To
investigate the air tightness of the test borehole, the internal
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pressure in the borehole was observed through a nozzle on
the pipeline, and the observational results are shown in
Figure 11(a). As can be seen from Figure 11(a), the positive
pressures in boreholes HW-1 and HW-2 are obviously
higher than those in boreholes CM-1, CM-2, PU-1, and
PU-2. The average positive pressures in boreholes HW-1
and HW-2 are 139.5 and 116mmHg, respectively, while
those in boreholes CM-1, CM-2, PU-1, and PU-2 are 31,
62.3, 2.3, and 1.0mmHg, respectively. The positive pressure
in the borehole sealedwith the high-water-expansionmaterial
was a factor of 100 greater than that in the borehole sealed
with polyurethane. Therefore, it can be seen that the high-
water-expansion material can better seal the gap between
the drainage pipeline and the borehole wall. The high-water-
expansion slurry has a certain degree of expandability after

the final setting, overcoming the dry shrinkage defects after
the setting of the cement mortar and better sealing the gap
around the borehole.

With the advance of the working face, the station contin-
uously approaches the working face. During this process, the
suction pressure, gas concentration, and gas drainage amount
in the test borehole were continuously observed. The observa-
tional results are shown in Figures 11(b)–11(d). After drain-
age under negative pressure, the suction pressures and gas
concentrations in boreholes HW-1 and HW-2 are obviously
higher than those in boreholes CM-1, CM-2, PU-1, and
PU-2, which fully demonstrates that the tightness of the bore-
hole sealed with the high-water-expansion slurry is relatively
good. However, because of the influence of the advanced
abutment pressure, the airtightness of test boreholes became

Figure 8: Network structure of ettringite crystals.

3908 return airway

3908 intake airway
100 m

Main pipeline

PU-2PU-1CM-2CM-1HW-2HW-1

Open-off cut

Figure 9: Borehole layout in the observation station.
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damaged to different extents, resulting in a decrease in the
suction pressure and the gas concentration in test boreholes,
but the decrease in the suction pressure and the gas concentra-
tion in test boreholes sealed with the high-water-expansion
slurry were relatively small (Figures 11(b) and 11(c)).

When the test hole was 32m away from the working face,
the gas concentration in the test boreholes decreased sud-
denly because of the peak of the working face advanced abut-
ment pressure, which indicates that the tightness of the test
borehole was destroyed (Figure 11(c)). The gas concentration
in boreholes HW-1 and HW-2 were <15%, and the gas
concentration is lower than the critical gas concentration
for secondary borehole-sealing. Therefore, secondary bore-
hole sealing was performed on boreholes HW-1 and HW-2
at this time, and the suction pressures and gas concentrations
in boreholes HW-1 and HW-2 increased significantly after
secondary borehole sealing. The suction pressure in borehole
HW-1 increased from 7.6 to 11.3 kPa, and the suction pres-
sure in borehole HW-2 increased from 8.5 to 13.2 kPa
(Figure 11(b)). The gas concentration in borehole HW-1
increased from 14% to 92%, and the gas concentration in
borehole HW-2 increased from 13% to 65% (Figure 11(c)).

As the working face continued to advance, the test bore-
hole entered the advanced abutment pressure loading stage,
the permeability of the coal rock masses around the borehole
increased, and the gas drainage amount began to increase
continuously (Figure 11(d)). The higher suction pressure
increases the amount of gas extracted from boreholes

HW-1 and HW-2 compared to that from the other boreholes
(CM-1, CM-2, PU-1, and PU-2). The average drainage
amount for boreholes HW-1 and HW-2 in the advanced
abutment pressure loading stage reached 1.3m3/min, a factor
of 3.61 higher than that (0.36m3/min) of comparison bore-
holes in the advanced abutment pressure loading stage.

In conclusion, owing to the good fluidity of the high-
water-expansion slurry and the high strength of the consoli-
dated body after setting, the tightness of the boreholes sealed
with the high-water-expansion slurry is obviously superior to
that of boreholes sealed with cement mortar and polyure-
thane. When a borehole is destroyed by the peak of the
advanced abutment pressure, secondary borehole sealing
can significantly improve borehole suction pressure, gas
concentration, and gas drainage amount in the advanced
abutment pressure loading stage and can fully utilize the
pressure relief and increased permeability of coal masses in
front of the working face to improve gas drainage from the
coal seam.

4. Conclusions

(1) In this paper, a field test was conducted to determine
how suction pressure affected gas drainage at the
mining seam, and the test results showed that the
influence of suction pressure on the gas flow rate
from boreholes in the elastic deformation area was
relatively minor, and the gas flow rate from boreholes

Explosion valve
One-way valve

Two-way connection
Three-way connection

High-water-expansion slurry

Primary grouting

Secondary grouting

Grouting opening

Grouting opening

High-water-
expansion material 

Cement mortar

Polyurethane

8 m

8 m

8 m

Cement mortar
Polyurethane

Figure 10: Comparative test scheme for different borehole-sealing materials and techniques.
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in the elastic deformation area attenuated constantly
with drainage time according to a negative exponen-
tial function; the influence of suction pressure on the
gas flow rate from boreholes in the plastic deforma-
tion area was relatively large, and the gas flow rate
from boreholes increased according to a logarithmic
function with increasing suction pressure.

(2) An opportunity electionmodel of secondary borehole-
sealing was established, and the model-calculated
results were verified with the test results from the
drainage pipeline in the intake airway for the 3710
working face in the Kaiyuan Coal Mine. The test
results agreed with the model-calculated results. The
critical gas concentration for secondary borehole-
sealing was obtained through model calculation. A
secondary borehole-sealing experimental device was
developed. The developed borehole-sealing device
worked accurately, providing secondary borehole-

sealing functionality to guarantee the repair of the
failed borehole in the advanced abutment pressure
loading stage.

(3) To compare the application effects of different
borehole-sealing materials and borehole-sealing
techniques, a comparative test of the borehole-
sealing effects of high-water-expansion materials,
cement mortar, and polyurethane and a dynamic
secondary borehole-sealing test were performed in
the return airway of working face 3908 of the
Kaiyuan Coal Mine. The test results showed that the
tightness of the boreholes sealed with high-water-
expansion material is obviously better than that of
boreholes sealed with cement mortar and polyure-
thane. When a borehole is destroyed by the peak of
the advanced abutment pressure, secondary borehole
sealing can significantly improve borehole suction
pressure in the advanced abutment pressure loading
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Figure 11: Tightness and gas drainage effect for boreholes under different borehole-sealing materials and borehole-sealing techniques.
(a) Positive pressure. (b) Suction pressure. (c) Gas concentration. (d) Gas flow rate.
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stage and can fully utilize the pressure relief and
permeability increase of the coal mass in front of
the working face to improve gas drainage from the
coal seam.
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