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In this study, we analyzed the deformation and stress changes of an auxiliary transport gateway in Buertai coal mine 42106, which
is a fully mechanized coal face. We used the directional long drilling hydraulic fracturing technology to weaken the mine hard roof
clearance and investigated the overall pressure characteristics of the working face, mining, and two consecutive roadway
surrounding rock deformations. The analysis showed that the segmented hydraulic fracturing technology of directional long
drilling decreased the pressure in the area affected by the fracturing drilling on the working face after fracturing. The peak
pressure decreased by approximately 10.4%, average resistance of the stent was reduced by 2.6%, average resistance of the
support decreased by 6.8% under pressure, and dynamic load coefficient decreased by 4%. Furthermore, the roadway
deformation decreased, and the coal face was restrained. The stress monitoring value of the surrounding rock was weakened,
demonstrating the effectiveness of the fracturing weakening effect.

1. Introduction

Hydraulic fracturing technology was introduced in China in
the 1960s as an effective stimulation technique for oil and
gas wells. The technology has evolved into other industries,
such as in situ stress measurement, geothermal resource devel-
opment, and nuclear waste disposal [1-3]. Hydraulic fractur-
ing research was first conducted in the Datong mining area
and has been widely applied in aspects such gas permeability
improvement [4-7], roof cutting pressure relief [8-11], initial
mining and caving [12-15], and rock burst prevention
[16-19]. The study of hydraulic fracturing expansion in rock
mass has clarified fracture propagation characteristics
[20-22] and rock mass failure mechanism [23-25]. With the
wide application and development of directional drilling tech-
nology in coal mines, hydraulic fracturing and directional dril-
ling technologies have been combined and applied to improve
gas reflection on-site in some mining areas. This combination
has effectively improved the gas predrainage rate and extrac-
tion amount of coal seams [26-29].

The local buried depth of 42 coal seam Shendong Buertai
is over 400 m. A hard roof and overlying stress concentrated
at the coal pillars increase the dynamic loading pressure of
the working face [30, 31]. Mining processes have caused
serious mine pressure accidents, such as the crushing of
the working face support and bursting of hydraulic cylin-
ders. During secondary mining, the roof is fractured, side
and floor drums are severe in a 100 m advancement of the
working face roadway, and the roadway is difficult to main-
tain. Therefore, it is necessary to determine a safe and an
efficient way of mining 42 coal [32, 33]. In Buertai coal mine,
support strength and short drilling hydraulic fracturing are
increased to control strong ore pressure, but the method
has not completely solved the problem of a strong ore pres-
sure during mining [34].

As highlighted above, many studies have applied
hydraulic fracturing technology in coal mines, but only a
few have applied directional long drilling segmented hydrau-
lic fracturing technology in pressure relief and roadway pro-
tection. Therefore, we applied the directional long drilling


https://orcid.org/0000-0002-1061-1265
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9151766

segmented hydraulic fracturing technology on 42 coal of
Shendong Buertai coal mine. We compared and analyzed
the ore pressure appearance, stress change, working face
deformation, and two gateways before and after directional
long drilling fracturing. This work is expected to provide a
basis for applying the directional long drilling hydraulic
fracturing technology to pressure control in mining thick
coal seams.

2. Working Face Overview

Buertai coal mine 42106 is a fully mechanized caving work-
ing face, which is in the southeast of the main roadway in the
second panel of 42 coal mining area. For the second mining
face in the second panel of 42 coal mining area, the working
face strike length is 4485.24 m, working face dip length is
320 m, mining height is M, and mining area is 1.4353m
square meters. The southeast side is the 42106 and 42107
goafs, as shown in Figure 1.

42106 working face is affected by strong pressure. A large
area of roof pressure occurs at 140 m advance, serious floor
heave. (It was affected by a mining, and the secondary wall
has been pumped 0.5 m). In advance, 140 m large area roof
weighting serious floor heave (vice help has been affected
by a mining, drum 0.5 m), the dynamic load appears, mainly
for large shaking tail roof, roof fall slag, ahead of 100m
within the scope of return air along the trough bottom floor
heave is serious, cause the return air along the trough fore-
poling indiana is difficult. The dynamic load was severe.
The main performance was that the tail roof rattles and
the roof dropped slag. The bottom heave of the trough floor
of the return air within 100 m advance was serious, which
made it difficult to pull the lead support along the groove
of return air. The negative drum along the return air groove
is about 1.6 m, and the negative mesh package is crowded on
the working face support and the tail motor of the transport
plane, resulting in the difficulty of pushing and pulling,
which affects the normal production. The return air tunnel
is affected by the secondary mining and the concentrated
stress of the coal pillar in the overlying goaf (layer spacing
is 77 m). The surrounding rock deformation of the return
air tunnel is serious, and the dynamic pressure phenomenon
of the working face is obvious. The negative drum in the
return air duct is approximately 1.6 m, and the negative net
bag is crowded against the working face support and tail
motor of the transport plane, resulting in pushing and pull-
ing difficulty and affecting production. Under the influence
of secondary mining and coal pillar concentration stress in
the overlying goaf (layer spacing, 77 m), the surrounding
rock deformation of the return air roadway is severe, and
the working face dynamic pressure is obvious.

3. Design and Application of Directional Long
Hole Hydraulic Fracturing

Directional long drilling hydraulic fracturing technology is
mainly implemented through the thick roof of coal seams.
A step-by-step implementation of the directional long dril-
ling on a thick roof span effectively forms continuous sup-
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port, reduces the sudden release of energy in the roof, and
minimizes the internal stress of the roadway surrounding
rock, thereby reducing the strong pressure of the working
face caused by the frequency and intensity of mine disasters.

3.1. Hydraulic Fracturing Scheme. Working face mining and
overlying coal seam position, such as legacy protection of coal
seam position prone to strong position of mine pressure appear
problem, put forward the borehole layout, plan layout 3 drilling
field, accumulative total 9 drilling, design aperture of 96 mm,
the orifice opened 96 mm drilling to direct roof, two opening
pipe-expanding 153 mm, and 127 mm casing under 10 m across
the rocks. After the casing was completed, we drilled 96 mm
into the final hole according to the design track, and the drilling
and fracturing target layer was the basic top sandstone of the 42
coal seam. The scheme design is described below.

The scheme contained three drill yards. The first drill
yard was 550 m away from the cutting hole and was located
in 30 connected lanes of the transport passage of the 42106
working face. The second drill yard was 810 m away from
the cutting hole of the working face, and the yard contained
29 connected lanes for transporting materials in the 42106
working face. The third drill yard was 1,950 m away from
the working face, and the 42106 working face transport tun-
nel was located between 23 and 24 lanes.

Each drilling site was equipped with 3 holes (making a
total of 9 holes) and a single hole length of 300-530 m (making
a cumulative length of 4,015m). Holes 1-1, 2-1, and 3-1 were
located under the remaining protection coal seam of the 22202
working face, and the distance between the holes was 90 m
from the transport channel of the 42106 working face. The dis-
tance between adjacent holes in the drilling site was 80 m, and
the distance between holes 1-3, 2-3, and 3-3 was 70 m from the
return air channel of the 42106 working face.

The adjacent holes in the first and second drill yards
were designed to be 30 m apart when a single hole is frac-
tured in adjacent locations. When fracturing is required for
both boreholes, the spacing between the boreholes should
be 60 m. Figure 2 illustrates the initial intensive fracturing
conditions of the 42107 working face of the mine, fracturing
interval initial design of 30 m, fracturing interval length of
6.5m, single hole fracturing of 7 stages, total fracturing of
63 stages, and drilling design plan. Table 1 presents the dril-
ling construction parameters.

3.2. Fracturing Data Analysis. Nine fractures were
completely drilled in the working face, with 300-450 m® of
water injected into a single hole and over 2,800m’ of
injected water in total. The influence range of the fracturing
drilling covered the whole working face, with a hole diame-
ter of 96 mm and a length of 330-564 m. The transported
fracturing tool strings totaled 3,698.38 m; 74 stages of staged
fracturing were performed, with maximum and minimum
pressures of 33.1 MPa and 8.6 MPa, respectively. A maxi-
mum fracture pressure drop of 12.8 MPa and a pressure
drop of over 3 MPa were observed 593 times, forming effec-
tive three-dimensional fractures and reducing the overall
strength of the roof. Table 2 summarizes the fracturing con-
struction details.



Geofluids 3
42106 working face
42107 working face I
42108 working face
FIGURE 1: 42106 working face layout.
468m 580m 580m 580m
—
1 460m! X
| 470m 47108 working face
| 393m 360m 380m
Il
UEIL L I | AL )
| | _
TS T — 1 (T L 1 [ T
FIGURE 2: Design plan of fracturing drilling.
TaBLE 1: Drilling construction parameters.
Construction site  Boring number Drilling ﬁ?ld distance from Control horizon Aperture/ Drilling Frgcturmg
cutting hole/m mm long/m section/PCS
1-1 550 Packsand 96 390 7
No. 1 1-2 550 Packsand 96 445 7
1-3 550 Packsand 96 500 7
2-1 810 Packsand 96 320 7
No. 2 2-2 810 Packsand 96 410 7
2-3 810 Packsand 96 520 7
3-1 1950 Packsand 96 430 7
No. 3 3-2 1950 Packsand 96 470 7
3-3 1950 Packsand 96 530 7
Total 4015 63
TABLE 2: Summary of fracturing drilling data.
Job Drillin Drilling Tool string Fracturing Maximum Minimum Largest pressure Pressure drop
location & long/m installation depth/m  section/PCS  pressure/MPa  pressure/MPa drop/MPa number
SF1 426 424.87 8 25.1 14.1 8.2 74
N?‘ .30 SF2 476 468.07 8 25.9 10.9 9.8 56
drilling
SF3 516 502.25 10 29.2 10.6 7 71
SF1 330 318.79 6 30.7 14.7 9.2 47
N(.)' ,29 SF2 426 420.21 8 28 14.2 7.1 55
drilling
SF3 519 503.55 9 26.9 9.8 10 65
SF1 462 458.85 8 33.1 12.6 12.8 66
N‘?’ .22 SF2 513 504.32 9 31.3 12.6 8 87
drilling
SF3 564 556.32 8 28.8 8.6 11.8 72
Total 4196 74 593

4. Ore Pressure Characteristics

During the 42106 mining, a mine pressure monitoring
system was used for the dynamic monitoring of the roof
pressure bracket in the fracturing construction area. By

comparing the mine pressure before and after the overall
evaluation of the fracturing effect, we determined the main
contrast parameters to be the extraction compressive
strength, pressure interval, dynamic load coefficient, and
roadway roof deformation.
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FIGURE 3: Plane characteristics of ore pressure changes.

TaBLE 3: Analysis of ore pressure evaluation data.

Fracturing status  Pressure step/m Scope of stents

Hydraulic support at the end of cycle resistance/bar
To pressure before  To pressure mean value Dynamic factor

21 Periodic weighting 1~ 40-110
26 Periodic weighting 2 20-80
25 Periodic weighting 3 50-100
23 Periodic weighting 4  30-120
. 24 Periodic weighting 5 50-110
Not fracturing o A

26 Periodic weighting 6  60-130
20 Periodic weighting 7 20-155
22 Periodic weighting 8 ~ 25-110
23 Periodic weightingd  75-125
24 Periodic weightingl0  15-110

Mean value 234 Mean value
19 Periodic weighting 1~ 30-100
22 Periodic weighting 2 25-90
25 Periodic weighting 3 20-110
. 24 Periodic weighting4 ~ 35-90

Fracturing Lo .

21 Periodic weighting 5 15-130
22 Periodic weighting 6  70-120
22 Periodic weighting 7 15-100
24 Periodic weighting 8 ~ 70-120

Mean value 224 Mean value

291 422 1.45
311 429 1.38
285 417 1.46
288 421 1.46
294 425 1.45
281 406 1.44
299 405 1.35
302 423 1.40
300 426 1.42
297 429 1.44
294.8 420.3 1.43
273 385 1.41
277 375 1.35
286 377 1.32
295 390 1.32
291 395 1.36
288 398 1.38
304 406 1.34
281 405 1.44
286.9 391.4 1.37

4.1. Overall Pressure Characteristics. The results of the
downbhole tracking monitoring and support data collection
were used to plot the change in support resistance in the
working position, as shown in Figure 3.

Figure 3 shows that the working face stops at 66 m; the
first and average pressures are 588 bar and 301 bar, respec-
tively; and the pressure step is 66 m. Table 3 and Figure 4
show that before entering the frac stage (67-182m), the
maximum periodic pressure was 591 bar, with an average
of 344bar. The periodic pressure step was 44-46m, and
the pressure range was wide. At the frac stage (182-716 m),
the maximum periodic pressure was 501 bar, with an average
of 311 bar. The periodic pressure interval was 19-25m, and
the overall pressure range was considerably reduced. Beyond

the frac stage (716-960 m), the maximum periodic pressure
was 597 bar, with an average of 352bar, and the periodic
pressure step was 20-26 m.

4.2. Deformation Condition of Working Face and Two
Passageways. Roof movements generate support working
resistances and its associated changes. This phenomenon
can be used for describing the influence of roof movement
on the support working resistance. The dynamic load coeffi-
cient (Kd) is the average working resistance of the bracket
before pressing divide by the average working resistance of
the bracket after pressing. According to the comparison cal-
culation of the support resistance data before and after the
working face pressure, in the 182-716m fracturing area,
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The maximum pressure is 58.8MPa,
the average is 30.2 MPa, and the
pressure step distance is 66m.
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FIGURE 4: 3D variation characteristics of ore pressure.

the overall dynamic load coefficient was 1.32-1.44, with an
average of 1.37, and the overall dynamic load effect was rel-
atively small. During the subsequent pressure period, the
coal wall of the working face was relatively complete, the
wall was small, and the maximum depth of the wall was
0.5m. The roof of the aft goaf collapsed in a timely manner,
and no hanging roof phenomenon occurred. The auxiliary
drum phenomenon of the 42106 auxiliary transport passage
was not obvious. In the unfractured area of 716-960 m, the
overall dynamic load coeflicient was 1.35-1.46, with an aver-
age of 1.43, and the overall dynamic load effect was large.
The subsequent pressure period was accompanied by the
working face wall, and the maximum depth of the wall was
1.0m. The roof of the tail goaf did not collapse in time.

4.3. Deformation Observation of Roadway Surrounding Rock.
At 200m from the auxiliary roadway of the 42106 fully
mechanized caving face to the cutting eye, a measuring point
was set at every 100m, and a total of eight observation
points were set at a range of 200-900 m. The cross-point
method was adopted for observing section displacement,
where point A was in the middle of the roof, point B on
the front side, and point D on the secondary side. Points B
and D were at the same height. Point C was the intersection
with the bottom plate by leading a thin rope from point A in
the natural sagging state; points 1-8 corresponded to posi-
tions 200-900 m. The maximum relative displacements of
the roof, floor, and two sides at each point are plotted as bro-
ken line graphs in Figures 5 and 6.

Figures 5 and 6 show that the maximum displacement of
the two sides at points 1-6 (200-700 m away from the cut-
ting hole and in the fracturing area of the roof) was 150-
200 mm, the maximum displacement of the top and bottom
plates was 100-150 mm, and the maximum displacement at
points 7 and 8 (800-900 m away from the cutting hole) was
150-200 mm. The maximum displacement of the two sides
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FIGURE 5: Moving quantity of two sides of auxiliary transportation.
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Ficure 6: Top and bottom plate displacements of auxiliary
transportation.

was between 200 and 300 mm, and the maximum displace-
ment of the roof and floor was between 150 and -180 mm.
The weakening of the roof weakened the deformation of
the 42106 auxiliary roadway.
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FiGUre 7: Comparison of the ore pressure law during initial production of the working face with and without hydraulic fracturing. (a)
Mining pressure of 42106 working face during initial mining (no fracturing on the roof). (b) Mining pressure behavior of 42108 working

face during initial mining (the roof has been fractured).

4.4. Stress Research of Roadway Surrounding Rock. Accord-
ing to the mine pressure monitoring results and early warn-
ing platform, the pressure strength of the 42106 working
face was approximately 50 MPa without hydraulic fractur-
ing. Meanwhile, after hydraulic fracturing of the 42108
working face roof, the working face pressure strength was
reduced to approximately 35 MPa, and the periodic pressure
step distance was reduced to weaken the roof effectively.
Thus, the working face within the fracturing construction
range was safely recovered, as shown in Figure 7.

The Figure 8 illustrates the change behavior of the aver-
age support load during the initial mining of the 42106
working face (roof unfractured), 42107 working face (roof
fractured), and 42108 working face (roof fractured) in

Buertai coal mine. The figure shows that under the same
geological mining conditions, the average support load on
the 42107 and 42108 working faces was lower than that on
the 42106 working face: the average support load on the fully
mechanized caving face with directional long borehole seg-
mented hydraulic fracturing was lower than that without
directional long borehole segmented hydraulic fracturing.
The average load of the 42107 fully mechanized caving sur-
face was 36.7 bar lower than that of the support of the 42106
fully mechanized caving surface and 59.12bar lower than
that of the support of the 42106 fully mechanized caving sur-
face. The differences are equivalent to a decrease of 10.45%
and 17.31%, respectively. Thus, directional long drilling seg-
mented hydraulic fracturing can destroy the integrity of the
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FIGURE 10: Reduction in advance abutment pressure after fracturing.

hard roof, reduce the ore pressure strength, and reduce the
occurrence of strong ore pressure.

Figure 9 shows the variation in maximum support load
during initial mining of the Buertai coal mine 42106 work-
ing face (roof unfractured), 42107 working face (roof frac-
tured), and 42108 working face (fractured).

Figure 9 shows that under the same geological and min-
ing conditions, the maximum load of the 42107 and 42108
fully mechanized face stents was less than that of the
42106 fully mechanized face stent. The implementation of
the directional drilling long section of hydraulic fracturing
deformation-failure support maximum load that did not
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implement the directional drilling section of hydraulic frac-
turing deformation-failure stent is low; the average load,
during the preliminary extraction in the average maximum
support load on the 42106 fully mechanized caving face,
was 427.95bar; that on the 42107 fully mechanized caving
face was 389.56 bar; and that on the 42108 fully mechanized
caving face was 361.4 bar. The maximum load of the 42107
fully mechanized caving surface was 38.39 bar lower than
that of the support of the 42106 fully mechanized caving sur-
face, with a 15.56% decrease. The maximum load of the
42108 fully mechanized caving surface was 66.55bar lower
than that of the support of the 42106 fully mechanized cav-
ing surface, with a 8.97% decrease. It follows that the maxi-
mum load of the old top of the fully mechanized working
face support with directional long drilling is smaller than

that of the fully mechanized working face support without
hydraulic fracturing. To avoid the occurrence of strong ore
pressure, the hydraulic fracturing of the hard roof covered
by the fully mechanized working surface with directional
long borehole can reduce the ore pressure strength during
the initial pressure of the old roof.

After the directional long drilling hydraulic fracturing, the
basic roof (old roof) was completely weakened, and its strength
and integrity were considerably reduced. As the working face
advanced, the basic roof collapsed, preventing the generation
of a long suspended roof and reducing the concentration of
the advanced abutment pressure. The deformation of the road-
way surrounding rock was thus alleviated, and the working
resistance of the support was reduced and transferred to the
interior of the working face, as illustrated in Figure 10.
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4.5. Stress Monitoring and Analysis of Auxiliary
Transport Trough

4.5.1. Analysis of Stress Monitoring Data of Normal Wall
Rock. In 42108, several surrounding rock stress monitoring
equipment were installed on the side every 50m at the
400 m position of the auxiliary transport distance cut (two
monitoring equipment were placed at each monitoring
point: one deep base point (15m) and one shallow base
point (9m)). Figure 11 illustrates the layout.

In this study, the stress values from 182-716 m of the
fractured zone and 716-960 m of the unfractured zone were
selected as the research objects, and the corresponding
equipment points were from 1-12. The maximum stress
values of each point are plotted as broken line charts in
Figure 12.

The stress value of the deep hole from points 1-7 (400-
700 m away from the cutting hole position and in the frac-
turing area of the roof) was between 3.5 and 5.5 MPa, and
that of the shallow hole was between 4.5 and 5.3 MPa. The
stress value of the deep hole from points 8-12 (750-950 m
away from the cutting hole position in the roof unfractured
area) was between 4.5 and 6.5 MPa, and that of the shallow
hole was between 4.5 and 7.8 MPa. The weakening of the
roof weakened the surrounding rock stress of auxiliary road-
way 42108.

4.5.2. Stress Monitoring Analysis of Roof Side Anchor Cable/
Bolt. In 42108, several anchor cable/bolt monitoring equip-
ment were installed on the side every 50 m at the 400 m posi-
tion of the auxiliary transport distance cutting hole (two
monitoring equipment were placed at each monitoring
point: one roof anchor cable monitoring and one auxiliary
side anchor rod monitoring). For this analysis, stress values
in the 182-716 m fractured area and 716-960 m unfractured
area were selected as the research objects. The corresponding
equipment point numbers were 1-12. The maximum stress
value of each point is plotted as a broken line graph in
Figure 13.

The stress value of the anchor cable at points 1-7 (400-
700 m away from the cutting hole and in the fractured area of
the roof) was 15-45kN, the stress value of the anchor bolt
was 15-50 kN, and the stress value of the anchor cable at points
8-12 (750-950 m away from the cutting hole and in the unfrac-
tured area of the roof) was 15-20kN. The stress value of the
anchor bolt was between 18 and 50kN, and the stress value
of the anchor cable decreased considerably after passing
through the roof fracturing zone. However, the anchor bolt
fluctuation increased after passing through the roof fracturing
zone. The weakening of the roof weakened the surrounding
rock stress of the 42108 auxiliary transport roadway and dis-
persed the surrounding rock stress of the auxiliary wall.

5. Conclusion

We used a mine pressure monitoring system to dynamically
monitor roof support resistance and collect real-time sup-
port pressure data. Thus, we compared the data of the min-
ing pressure characteristic before and after mining of the
fracturing construction area and data of the surrounding
rock stress monitoring. The conclusions of the study are
summarized as follows:

(1) After fracturing, the overall pressure strength in the
area affected by fracturing drilling in the working
face was reduced, especially when the peak pressure
decreased considerably by approximately 10%; the
pressure step distance decreased by 4%, the support
average resistance before fracturing decreased by
2.6%, and the support average resistance during frac-
turing decreased by 6.8%.

(2) After fracturing, the dynamic load coefficient was 4%
lower than that of the unfractured area, the roadway
deformation reduced, and the coal wall was restrained

(3) After the directional long drilling hydraulic fracturing,
the basic roof (old roof) was completely weakened,
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and its strength and integrity were considerably
reduced. As the working face advanced, the basic roof
energy collapsed, preventing the generation of long
suspended roof and reducing the concentration of
advanced abutment pressure. The deformation of the
roadway surrounding rock was alleviated, and the sup-
port working resistance became low and transferred to
the inside of the working face

(4) Before and after fracturing, the maximum stress
value of the deep and shallow holes was reduced by
approximately 1MPa and 1.3MPa, respectively,
and the maximum stress value of the anchor cable
was reduced by approximately 25kN. The stress
value of the anchor bolt was weakened, showing

the effectiveness of the fracturing weakening effect
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included within the article.
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