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Gas extraction is a major technique for regional gas regulation and coal and gas comining in China. Assuring effective gas
extraction operations is a crucial step in ensuring the supply of energy. The effect range of extraction drilling, pressure relief
degree, and standard period of gas extraction are all constrained because of the geological constraints affecting coal gas perme-
ability and occurrence. Combined with the advantages of directional drilling and high-efficiency pumping technology and
antireflection enhanced pumping technology of hydraulic fracturing, directional long-drilling hydraulic fracturing can effectively
improve the efficiency of gas control and expand the scale of gas control. The present study focuses on the exploration of
directional long-hole hydraulic fracturing technique in thick coal seams with high gas content using Dafosi Mine as a case study.
The research findings demonstrate that hydraulic fracturing contributes to the enlargement of pore size, pore density, and pore
connectivity in coal seams. In-depth research was conducted on the expansion of coal seam fractures during the hydraulic
fracturing process using the RFPA3D-flow numerical simulation program. Additionally, a comprehensive analysis of stress
distribution around the fractures under the flow-solid coupling condition was performed. To further improve the effectiveness
of hydraulic fracturing technique, the research team optimized the fracturing tools and construction processes in the four coal
seams of Dafosi Mine. The impact of segmented hydraulic fracturing in coal seam bare hole drilling was also studied. Furthermore,
an investigation method specific to the coal seam bare hole segmented hydraulic fracturing effects applicable to Dafosi Mine was
developed. The maximum fracture extension pressure, minimum fracture closure pressure, and fracture morphology change
characteristics during drilling and fracturing were measured, and the fracturing influence radius of coal seam was determined
to be 46−58m, the gas extraction concentration after fracturing increased by 2.20–4.22 times, and the 100-m extraction flow
increased by 4.93–11.03 times. It gives other mines technical assistance so they can keep advocating and utilizing the horizontal
directional long-drilling stage hydraulic fracturing technique.

1. Introduction

To manage regional gas levels and sustain China’s comining
of coal and gas, gas extraction is crucial [1–3]. It has several
advantages, including reducing gas emissions during mining,
preventing gas from building up and beyond safe limits,
preventing gas explosions, and putting an end to coal and
gas outburst accidents. Furthermore, it can convert waste
into a protective resource and make use of gas as a valuable
coal-related resource [4–7]. The progress made by China in
gas extraction technology has many benefits, including envi-
ronmental protection, efficient resource utilization, and safe
production. Additionally, this technology can improve

energy effectiveness and guarantee the safety of mines and
miners [8–11]. Many coal seams in China have limited per-
meability, which has a negative impact on direct gas extrac-
tion efficiency and raises production costs. To raise the
permeability of coal seams and increase the effectiveness of
gas extraction, artificial approaches must be used [12–16].
Hydraulic fracturing is a technology for extracting gas. It
involves injecting high-pressure water or liquid into coal
seam rock to cause it to fracture and expand, thereby increas-
ing the efficiency of gas release and collection [17–20].

Considerable research has been carried out by experts
and scholars worldwide on the utilization of hydraulic
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fracturing methods for increasing gas extraction efficiency in
underground mining. Wang et al. [21], following an investi-
gation into the detrimental effects of high-pressure water jets
on coal and the technology of inducing stress relief and
permeability enhancement through hydraulic flushing cavi-
ties, introduced the concept of floor rock roadways equipped
with hydraulic flushing cavities. Based on the numerical simu-
lation results, modifying the cavity structure can effectively
alleviate stress concentration between cavities, thereby allowing
for extensive stress relief and permeability enhancement. Song
et al. [22] performed numerical simulation experiments to
assess the impact of natural fractures on hydraulic fracture
propagation. They investigated the effects of various factors,
including the approaching angle, differential principal stress,
length and strength of natural fractures, reservoir elastic mod-
ulus, and Poisson’s ratio. Furthermore, they conducted a semi-
analytical exploration and optimization of stress-related
permeability models for coalbed methane (CBM) reservoirs.
Nainar and Govindarajan [23] created a novel pressure-
dependent model that is adaptable to variations in reservoir
temperature and adsorption strain. Wang et al. [21] conducted
a study on the technology to reduce reflections in high-pressure
water jet drilling for expanding coal seams. Their objective was
to address the challenges posed by severe outbursts and gas
emissions in hazardous coal seams under complex geological
conditions. To achieve this, they employed an integrated water
jet drilling and expansion device and implemented high-
pressure expansion measures at the working face, aiming to
improve the efficiency of coal seam gas extraction. Mou et al.
[24] conducted a study on the influence of hydraulic fracturing
on high-rank coal microfractures under different stress condi-
tions. The researchers noted that stronger heterogeneity and
larger differences in horizontal stress would hinder the expan-
sion of microfractures. Conversely, smaller differences in hori-
zontal stress would promote more uniform expansion of
microfractures during hydraulic fracturing, thereby facilitating
their connectivity. Lu et al. [25] conducted a comprehensive
exploration of the dynamic variations in coal fracture and pore
structure during the hydraulic fracturing process. Their find-
ings are of paramount significance for precise permeability
prediction, successful advancement of hydraulic fracturing
technology, and improved productivity of CBM. Thus, it is vital
to prioritize and leverage their research achievements to foster
industry development.

To increase CBM’s permeability and increase extraction
effectiveness under geophysical circumstances such as coal
seam fluctuation and ground stress, these researchers con-
ducted in-depth research on hydraulic fracturing. The tradi-
tional hydraulic fracturing approach has a restricted impact
area on drainage boreholes, leading to inadequate pressure
release, and prolonged attainment of gas extraction compli-
ance. Such limitations unfavorably affect the sequential
operations of mining, extraction, and excavation. This article
recommends the use of directional long-drilling hydraulic
fracturing to shatter high gas thick coal seams. To widen
the fracture and connect the coal seam, this technique entails
drilling into the target layer below the earth and injecting
high-pressure liquid. As a result, the coal seam’s gas

permeability and release rise. Directional long-drilling
hydraulic fracturing is more accurate and controllable than
conventional hydraulic fracturing, enabling the extraction of
gas from certain areas and coal seams. Applying this method
can efficiently improve gas treatment efficiency, expand the
scale of gas treatment, and achieve higher gas recovery
benefits.

2. Overview of Mine and Work Expand

The Dafosi Mine is a modern and large mine developed and
constructed by Binchang Company. It is situated about 160
km from Xi’an at the southern boundary of the Binchang
Mining region, near the intersection of Binzhou City and
Changwu County. There are uncommon and basic structural
faults in the mining area. The Xiagou Coal Mine, Shuilan-
dong Coal Mine, Jiangjiahe Coal Mine, Yangjiaping Mine
Field, Tingnan Coal Mine, and Xiaozhuang Coal Mine are
all close by to the east, south, west, north, and northeast,
respectively, of the Dafosi Mine. Figure 1 shows the traffic
flow diagram for the coal mine. With an absolute emission of
160.69m3/min and a relative emission of 12.93m3/t, the
mine emits a lot of gas. The coal seam gas characteristics
were measured during the production process, and 4# coal
had a gas content ranging from 3.5 to 5.9m3/t. The gas
permeability coefficient is 0.25m2/MPa2.

The working face located in Figure 2 has a strike length of
1,918m and a dip length of 200m. The coal seam’s floor
elevation ranges between 610 and 680m. With higher eleva-
tions in the east and north and lower elevations in the west
and south, the seam often runs approximately east–west and
north–south. The coal seam has an average underground
depth of 408m and a maximum depth of 483m. The coal
seam has an average thickness of 15m and is considered
stable and extra thick. The structure of the seam is simple,
with some containing 0–2 layers of dirt, mostly composed of
carbonaceous mudstone. The coal seam has an average dip
angle between 3° and 11° and is thickest in the east and
thinnest in the west. Each channel’s absolute gas output dur-
ing the mining process ranges from 8 to 12m3/min, for a
total gas emission of 74.25m³/min.

3. Feasibility of Hydraulic Fracturing of
Coal Seam

High-pressure water can cause cracks, voids, and cavities to
form within the coal seam. This results in the movement of
the coal mass and enlargement of existing fissures, thereby
increasing the porosity of the coal in the fractured boreholes.
Consequently, this alters the permeability and pore structure
characteristics of the coal, ultimately enhancing gas extrac-
tion efficiency [26–31]. Simulated experiments were run on
coal samples to see how hydraulic fracturing altered their
pore structure to study these alterations [32–36]. Scanning
electron microscopy was used to compare and analyze the
characteristics of coal pore structure before and after fractur-
ing under different magnifications.
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3.1. Hydraulic Fracturing Experiment Test

3.1.1. Coal Sample Hydraulic Fracturing Test. Coal samples
for testing were provided from the 4# coal seam of the Dafosi
Coal Mine in Binchang District, Shaanxi Province. Prior to
conducting the tests, larger coal samples are fragmented into

smaller chunks to accommodate the volume of the cylindri-
cal container. The smaller coal fragments were then placed
into the fracturing cylinder, and the cylinder cover was
secured. The valve was opened to allow for water injection
and pressure monitoring when the pipeline was connected.
The pressure gauge was used to observe any changes in water
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pressure. Once the water pressure reached the desired level of
15MPa, the valve was closed to stop water injection, and the
pressure was maintained for 48 hr. The indoor hydraulic
fracturing machinery utilized in the procedure is shown in
Figure 3.

Figure 4 shows the micromorphology traits that were
discovered using a high-resolution electron microscope, the
JSM-6460LV. Using conductive adhesive, the test coal sam-
ple is firmly fixed to the sample table after which the surface
is painstakingly cleaned with a washing ear ball. A conduc-
tive material (gold) is then sprayed onto the sample surface.
The acceleration voltage, probe diameter, probe current, and
magnification are all adjusted based on the working distance
and angle of the sample. Finally, by imaging the top obser-
vation plane of the coal sample, the surface morphology of
the observation section is acquired at various magnifications.

3.1.2. Test Results of Coal Seam Hydraulic Fracturing. The
test results showed that when exposed to high-pressure water,
the coal sample broke into two smaller pieces. Figure 5 shows
the sample’s appearance both before and after fracture.

The coal sample was further crushed and sorted using a
200-mesh sieve with a 200-mesh diameter before being
scanned with an electron microscope. The sample was then
dried at 105°C before being tested. Figure 6 shows high-
resolution electron microscope images of the sample both
before and after fracturing.

Due to bedding, fracture fissures, and primary microfis-
sures, coal contains numerous dense pores and fissures that
are dispersed throughout its mass. There are three different
varieties of these pores and fissures: those that are mutually
connected, partially connected, and not connected [37–40].
Figure 6 demonstrates that following fracturing, the pores in

coal samples grow and pore connection is strengthened.
Hydraulic fracturing can increase the porosity and perme-
ability of tight coal by enlarging the pores and fissures, mak-
ing the extraction of coal seam gas more effective.

Using high-pressure water and hydraulic fracturing, weak
areas within a coal seam are opened, expanded, and length-
ened [41, 42]. By dividing the coal seam’s structure, the action
also increases the spatial volume of the cracks and creates a
network of interlocking multicrack connectivity [43, 44]. The
coal seam’s permeability is significantly improved as a result.
Coal samples had more holes and fractures, higher pore sizes,
and a much better connection between pores and fractures
after hydraulic fracturing. The microstructure and pore prop-
erties of coal have been improved because of the hydraulic
fracturing of the Dafosi coal seam.

3.2. Numerical Simulation of Hydraulic Fracturing. Based on
the geological parameters of the mining area, hydraulic frac-
turing during the drilling process was modeled using RFPA
software. A 2D plane stress model was employed to generate
a model with a longitudinal length of 200m, transverse width
of 120m, and vertical height of 100m. The complete model
was partitioned into 2.4 million individual elements, measur-
ing 200× 120× 100 in size. The model configuration is
depicted in Figure 7.

The mechanical parameters of coal seam adopted by the
model are shown in Table 1.

In this simulation, a uniformity coefficient is used to eval-
uate the physical property uniformity in coal and rock materi-
als. The actual mechanical properties of coal and rockmaterials
are connected to uniformity, and these values are used to input
the micromechanical parameter values for the numerical sim-
ulation [45–47]. The Weibull distribution is used to assign
properties to the coal and rock materials, while the damage
constitutive relationship is based on the Mohr–Coulomb crite-
rion [48, 49].

We can determine the characteristics of fissure expansion
that take place throughout the ensuing fracturing process by
analyzing the various stages shown in Figure 8.

Step 1: The excavation process is initiated by the model,
and boundary loads are applied resulting in the borehole
filling up with water.
Step 55: The coal seams on either side of the drilling and
fracturing section started to break and expand at an
injection pressure of 8MPa. More fractures were present

FIGURE 3: Indoor fracturing equipment.

FIGURE 4: JSM-6460LV high-resolution electron microscope.
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on the left side than on the right, and as they spread out
in a fan-like pattern, numerous microfracture networks
were created.
Step 58: The crack kept growing and a network of micro-
fractures was formed at a water injection pressure of
8.6MPa. There are two ways to categorize the direction
of the fracture extension: perpendicular to the drilling
direction, with the left crack expanding by about 10m
and the right crack by about 13m; and parallel to the

drilling direction, with an expansion range of roughly
16.5m.
Step 63: As the fractured rock undergoes further expan-
sion, it forms three primary fissures. The first one is
located parallel to and on the left side of the borehole.
The second one connects the left and right sides of the
borehole by a vertical fissure and intersects it perpendic-
ularly. In relation to the borehole, the third fissure is
positioned at an angle. Numerous microcracks that
help to create a more complex microfracture network
can be found close to these three primary cracks.
Step 65: The fracture continues to expand in the original
direction when the water pressure that was injected
approaches 10.0MPa, leading to a significant increase
in the length and width of the fracture. The major frac-
ture is roughly 50m long on both sides of the drilling,
whereas the fracture that runs perpendicular to the dril-
ling path is around 46m long.
Step 68: The crack widened in the direction of the maxi-
mum primary stress as the water injection pressure
reached 10.6MPa. In addition to being noticeably wider,
the fracture on the drilling hole’s left side had a range
that was noticeably greater than the one on the right. The
crack spanned ∼58m vertically and 75m horizontally.

Figure 9 shows the cloud map of pore water pressure
during hydraulic fracturing. According to Step 1, when water

ðaÞ ðbÞ
FIGURE 5: Comparison of coal samples before and after fracturing: (a) coal sample before fracturing and (b) coal sample after fracturing.
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ðbÞ
FIGURE 6: Comparison of surface structures of coal samples before and after fracturing: (a) coal sample before fracturing and (b) coal sample
after fracturing.
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FIGURE 7: Numerical model of hydraulic fracturing.
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pressure is loaded under the influence of stress and water
pressure, stress concentration takes place in the fracture sec-
tion. With 6.6MPa of water injection pressure in Step 48,
there is a discernible concentration of water pressure. The
coal seam is still intact at this point, and the impact of the
pore water pressure is minimal. When water injection frac-
turing is increased to 8.6MPa in Step 58, cracks start to
appear and propagate in the direction of the maximum pri-
mary stress. As cracks emerge in the upward direction of the
vertical seam thickness, pore water pressure relief occurs in

the direction of seam thickness, showing the expansion of the
pore water pressure’s influence range. The fracture continues
upward along the seam thickness direction to the coal–rock
interface when fracturing is complete, and after deflection, it
expands along the maximum primary stress direction. The
influence range of pore water fracturing is roughly 80m.

Numerous layers of broad fracture networks can be pro-
duced by hydraulic fracturing in deep boreholes along coal
seams, according to studies. This implies that hydraulic
fracturing-induced fractures may also grow vertically in

TABLE 1: Mechanical parameters of coal seam adopted by the model.

Type Coal seam Type Coal seam

Degree of uniformity 6 Permeability coefficient (md) 0.1
Elastic modulus (MPa) 1,298 Void pressure coefficient 0.4
Poisson’s ratio, μ 0.23 Compressive strength (MPa) 6.5
Friction angle (degree) 28 Coupling coefficient 0.3
Pressed rabi 10 Bulk weight (kg/m3) 1,390
Initial porosity of coal seam (%) 5.84 Adsorption constant, a (MPa−1) 29.70
Adsorption constant, b (MPa−1) 0.184 — —

ðaÞ ðbÞ

ðcÞ ðdÞ

ðeÞ ðfÞ
FIGURE 8: Characteristics of fracture growth during hydraulic fracturing: (a) Step 1, (b) Step 55, (c) Step 58, (d) Step 63, (e) Step 65, and (f )
Step 68.
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addition to horizontally. Hydraulic fracturing can increase the
volume of thick coal seams when seen in three dimensions.

4. Hydraulic Fracturing Drilling Construction
Technology and Equipment

4.1. Hydraulic Fracturing Drilling Construction

4.1.1. Design Principles of Hydraulic Fracturing Boreholes.
The drilling and fracturing process must be optimized to
ensure efficient and effective operation based on the present
state of hydraulic fracturing technology, coal mining equip-
ment, and the geological features of the construction site.

(1) It is essential to take surface CBM extraction wells
into account while developing the drilling layout. A
minimum plane spacing of at least 40m is required
to prevent string holes.

(2) To ensure successful drilling and fracturing construc-
tion, it is crucial to steer clear of fault structures and
minimize the impact of geological conditions.

(3) It is essential that the construction location is the actual
coal deposit and that no previous boreholes have been
dug to ensure successful drilling and fracturing.

(4) To ensure optimal results, it is imperative that the
drilling design track meticulously follows the move-
ment of each drill pipe in both vertical and horizontal
directions without exceeding an angle of 0.6°. The
smoothness of the drilling track is key to achieving
this goal.

4.1.2. Drilling Process of Hydraulic Fracturing. The following
describes the directional long-drilling hydraulic fracturing
process:

(1) A drilling hydraulic fracturing design should be cre-
ated based on the results of the drilling track and coal
dust sample. Determining the fracturing procedure
and the construction pressure, displacement, fractur-
ing fluid volume, and other necessary elements
should be included in this design.
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FIGURE 9: Cloud image of pore pressure during fracturing: (a) Step 1, (b) Step 48, (c) Step 58, (d) Step 63, (e) Step 65, and (f ) Step 68.
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(2) The precise positioning of the design, installation,
and sampling drill for hydraulic fracturing tools at
the designated location is absolutely crucial.

(3) Turn on the pump to start the fracturing process and
pay particular attention to the injection pressure and
flow curve. Before continuing, make sure the packer
is firmly sealed.

(4) Once the packer seat is secured, the gear position and
displacement are elevated to execute the fracturing
process and achieve the intended injection volume of
liquid.

(5) Move the tool string to the next fracturing stage for
building when the pump has been stopped and the
packer has been opened. Up until the point at which
the fracturing process is finished, repeat Steps 1
through 4.

Before starting the pumping procedure for performing
hydraulic fracturing, the operator on-site must control the
injection pressure and perform a pressure test. The high-
pressure valve at the port needs to be closed once the pres-
sure gauge reaches the predetermined level in order to main-
tain that pressure. After stopping the pump, the pressure
should not drop for at least 20min. The pump pressure
will significantly increase as the injection volume grows dur-
ing the initial stage of the fracturing process. This will go on
until the coal body fracture pressure threshold is reached by
the fluid pressure in the hole. The coal body will crack at this
moment, causing the injection pressure to peak before
sharply dropping. To avoid unexpected pump stoppage
and pressure decreases during the fracturing process, it is
crucial to moderately manage the injection pressure. Field
employees are required to keep meticulous records of the
fracturing parameters, such as the water injection duration,
pressure, and instantaneous flow rate. The gear must be
adjusted in accordance with the circumstances in the hole
while closely monitoring variations in pump injection pres-
sure during fracturing. Operators should refrain from fre-
quently shifting shifts that could cause unexpected pressure
reductions or spikes.

4.2. Equipment Required for Drilling Yard Construction

4.2.1. Directional Drilling Rig. A completely hydraulic direc-
tional drilling rig known as ZDY6000LD (B) has been devel-
oped and constructed with success by the China Coal Science
and Industry Group’s Xi’an Research Institute Co., Ltd. It has
been selected for deployment (as shown in Figure 10). The
drilling machine possesses several advantages such as easy
portability, wide range of speed adjustment, high torque,
rational structure, advanced technical performance, strong
process adaptability, effortless operation, and reliable safety.
It is generally employed for the creation of highly precise
directional drilling holes, such as those used for coal mine
water injection, gas extraction, and geological exploration.

4.2.2. Directional Drill Pipe. The first is a Φ73mm central
cable drill pipe, as shown in Figure 11(a), which has the
following characteristics:

(1) The drill pipe junction is joined to the drill pipe using
friction welding and uses the internal thickening
technique to locally enhance wall thickness. The drill
pipe, which has an outer diameter ofΦ73mm, boasts
great strength.

(2) The cable drill pipe and the YHD2-1000 (A) type
MWD system can be utilized in conjunction during
the drilling path measurement process to accurately
assess the drilling parameters at the bottom of the
borehole.

(3) The drill pipe has strong bending and torsion resis-
tance, good rigidity, and a design strength that can
withstand the demands of both hole bottom motor
drilling and hole dynamic rotary drilling.

The second type isΦ73mm nonmagnetic drill pipe made
of nonmagnetic beryllium copper, as shown in Figure 11(b).
To eliminate interference from regular steel drill pipe while
measuring Azimuth angle and assure accurate measurement
data, it is primarily used to position measuring instruments
when drilling and measuring inclination. The three different
types of nonmagnetic drill pipes are upper nonmagnetic drill
pipe, outer probe pipe, and lower nonmagnetic drill pipe.
The upper nonmagnetic drill pipe and the cable drill pipe
share a central cable, and the outer probe pipe is used to
install and fix the “probe pipe+ probe tube battery cylinder.

4.2.3. Screw Motor. A screw motor with a curved angle was
used to drill in one direction. A screw motor is a positive
displacement energy converter that transforms liquid pressure
energy into mechanical energy. By-pass valve assembly, screw
motor (stator and rotor) assembly, universal shaft assembly,
and driving shaft assembly make up the majority of its four
pieces. Figure 12 shows a diagram of its construction.

There is no need to rotate the drill pipe when using a
screw motor for near-horizontal directional drilling in a coal
mine. Instead, the flushing liquid from the mud pump enters
the motor through a bypass valve (or substitute joint), creat-
ing a pressure difference at the motor’s entrance and exit that
causes the motor rotor to rotate and transmit speed and
torque to the drill through a universal shaft and drive shaft.
By choosing or altering a different orienting tube by 0°−3°,
different orienting effects can be obtained. The tool-facing
angle of the outer pipe is changed by the data of inclination
measurement while drilling, according to the intended dril-
ling track, so that the inclination and orientation of the dril-
ling can essentially approach the predetermined target.

FIGURE 10: ZDY6000LD (B) type drilling rig and pump truck.
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4.2.4. Directional Drill. Directional drilling two kinds of drill
bits for drilling construction, respectively.

The first is a fetal PDC bit that measures 94mm, as shown
in Figure 13(a). The drill has a high wear resistance and is
built of skeleton material and alloy that has been impregnated
by sintering. Seven reinforced composite parts are welded into
the flat-bottomed frame that serves as the drill’s crown to
provide it sufficient strength and longevity. To maintain the
outer diameter of the bit body, polycrystals are placed around
it. To ensure smooth water and slag discharge, a sizable aper-
ture is placed in the center of the drill’s top. The drill also has a
significant capacity for breaking rock and can satisfy the
demands of lengthy directional drilling in coal mines.

The second type is reaming drill bits (machining cus-
tom), which come in two sizes: Φ193mm/153mm (as indi-
cated in Figure 13(b)) and Φ153mm/113mm. The hole

device must be inserted while drilling in order to assist gas
drainage when drilling. The Φ153mm/113mm reaming bit
is mostly used for reaming drilling when opening holes.

4.2.5. In-Hole Fracturing Tool
(1) Packer. According to the drilling aperture and fracturing
process, the packer was selected as a drag-type coal seam
fracturing packer with a length of 1.62m, a maximum outer
diameter of 0.085m, and a pass diameter of 0.05m, as shown
in Figure 14(a). The maximum pressure is 70MPa, and the
maximum temperature is 120°C.

(2) Differential Pressure Sleeve. According to Figure 14(b),
the differential pressure slide sleeve has a length of 0.46m, a
maximum outer diameter of 0.085m, and a pass diameter of
0.042m. The maximum temperature is 120°C, and the max-
imum pressure is 70MPa.

ðaÞ ðbÞ
FIGURE 11: Hydraulic fracturing drill pipe: (a) Φ73mm central cable drill pipe and (b) Φ73mm nonmagnetic drill pipe.

1—Screw motor assembly

2—Cardan shaft assembly

3—Drive shaft assembly

4—Steel tube

5—Rubber bushing

A—A

6
5
4

A

A1 2 3

FIGURE 12: Schematic diagram of screw motor structure.

ðaÞ ðbÞ
FIGURE 13: Combined bit (PDC): (a) Φ94mm tire PDC bit and (b) Φ193mm reaming drill bit.

Advances in Civil Engineering 9



(3) Single Flow Valve. The length of the single flow valve
is 0.17m, the maximum outer diameter is 0.085m, and the
pass diameter is 0.040m, as shown in Figure 14(c).

According to Figure 14(c), the guiding shoe has a length
of 0.18m, a maximum outer diameter of 0. 085m, and a
maximum pressure of 70MPa.

5. Investigation of Hydraulic Fracturing Effect

5.1. Fracturing Curve Analysis. As shown in Figure 15, dur-
ing the first phase of fracturing, the pumping pressure for
fracturing quickly surpasses the reservoir’s extension pres-
sure and begins to fracture coal, frequently concurrently with
the biggest reservoir fracture extending cracks. The coal
body’s tightness coefficient ( f ) lies between 1.0 and 1.2.
Because of the intricate geological formations and multiple
faults in area 40103’s working face, fractured area 4 has
significantly developed macrocracks and separation systems,
which lowers the coal body’s compressive and tensile
strengths.

A periodic “sawtooth” pattern can be seen on the pres-
sure monitoring curve. Due to the combined filtration coef-
ficient of the fracturing fluid, the hydraulic fracture fills and
expands existing cracks as it advances during the rising stage
of the curve to the anticipated depth of the coal seam.

Complete communication between hydraulic and natural
fractures takes place in the descending period of the curve,
which causes a considerable rise in fracture volume and a
subsequent loss of fracturing fluid by filtration. Minimal
changes in maximum fracture extension pressure and mini-
mum fracture closure pressure are seen during the intermedi-
ate stage of fracturing, indicating that pumping displacement
is roughly equal to or close to the fluid loss from fractures into
the coal seamwithin design parameters for fracture height. As
anisotropic porous media with built-in pore cracks, coal
seams only undergo the creation of fracture cracks when
pore pressure exceeds fracture pressure thresholds. As a
result, within the appropriate ranges and intervals, there are
slight variations in the maximum fracture extension pressure
as well as the minimum fracture closure pressure.

5.2. Transient Electromagnetic Monitoring. The newly cre-
ated drilling transient electromagnetic detector by Xi’an
Institute based on drilling push is meant to be employed,
as shown in Figure 16(a). The excitation of the electromag-
netic field and the data interaction and storage recording are
completed in the drilling hole, and the three-component
transient signal is measured.

The final hole distance, which is the geophysical explora-
tion engineering design’s maximum push distance, includes

ðaÞ ðbÞ

ðcÞ
FIGURE 14: In-hole fracturing tool: (a) drag type coal seam fracturing packer, (b) differential pressure slide sleeve, and (c) single flow valve and
guide shoe.

0 20 40 60 80 100 120 140 160 180 200
0

2

4

6

8

10

12

Pu
m

pi
ng

 p
re

ss
ur

e (
M

Pa
)

Duration (MPa)

Pumping pressure
Pumping rate

0
2
4
6
8
10
12
14
16
18
20
22
24

Pu
m

pi
ng

 ra
te

 (M
Pa

)

FIGURE 15: Typical fracturing curve.
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a metal casing from 0 to 80m in it that interferes strongly
with transient electromagnetic detection. The drill pipe’s
length is 3m during construction of the measuring point
distance, and three components of data collection are per-
formed at each measuring point. However, due to the actual
construction project, the drilling rig pushed the geophysical
instruments and drill pipe to more than 380m, the drilling
rig’s pushing pressure display was abnormal, so the actual
detection distance was 105−380m inside the hole.

A thorough investigation determined the drilling and frac-
turing influence range to be between 38 and 46m based on the
findings of the transient electromagnetic test (Figure 16(b)). The
extension and communication range of fracturing fractures can
be determined based on changes in water flow by real-time
monitoring of water seepage in the construction area during
fracturing. For borehole 3#, the fracturing range is between 54
and 61m, while for borehole 4, it is between 47 and 60m.

5.3. Analysis of Gas Extraction Effect of Fracturing Borehole.
In the 100-m borehole, the average extraction purity of gas

was 0.320m3/min·hm during the monitoring period, and the
average extraction concentration of pressure holes was
67.48%. In a 100-m well, the concentration of extracted gas
is increased by 2.20–4.22 times compared to a conventional
borehole, and the quantity of extracted pure gas is increased
by 4.93–11.03 times. Figure 17 shows a comparison of pump-
ing parameters.

Figure 17 illustrates the relationship between gas extrac-
tion concentration and purity of the fracturing borehole with
extraction time. This relationship curve exhibits a general
“rising-flattening-falling” trend, and its change process can
be roughly divided into three stages: the initial extraction
stage, the stable extraction stage, and the extraction decay
stage. Because there is water in the fracturing borehole in the
early stage of extraction and gas is difficult to flow under the
impact of the water lock effect, the concentration and purity
of gas are relatively lower than they are in the stable stage of
extraction. The water lock effect decreases as pumping time
increases, and the process moves into a steady pumping stage
where the quantity and concentration of gas are higher. The
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FIGURE 16: Transient electromagnetic test equipment and results: (a) transient electromagnetic testing instruments and (b) results of transient
electromagnetic probe fracturing radius.
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FIGURE 17: Gas extraction parameter curve of pressure hole.
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extraction decay period begins after a protracted period of
extraction when the gas pressure and coal body’s gas content
start to decline.

The borehole’s initial extraction stage has an average gas
concentration of 40.38% and an average extraction purity of
1.23m3/min. The average extraction purity and gas concen-
tration were 1.89m3/min and 73.01%, respectively. The typi-
cal gas concentration and extraction purity were, respectively,
63.63% and 1.51m3/min. In addition to causing existing
cracks to widen and extend, high-pressure water can also
cause main and secondary cracks to intertwine and constantly
develop.

6. Conclusion

Tomeet the features of high ground stress and large gas emission
in some coal seams, segmented hydraulic fracturing for gas
extraction along directed long boreholes is proposed, using the
Dafosi Mine as an example. Laboratory testing, numerical mod-
els, and field experiments were used to simulate crack expansion
patterns and range by analyzing the coal seam’smicropore struc-
ture. The following conclusions are reached:

(1) Coal seams’ pore diameter, density, and connected-
ness can all be increased with hydraulic fracturing.
The propagation of cracks during hydraulic fractur-
ing in the 4# coal seam at Dafosi Mine was investi-
gated using RFPA3D-flow numerical simulation
software to examine the stress distribution around
the crack under fluid-structure coupling and predict
the radius of crack propagation.

(2) Directional long drilling in medium and hard coal
seams along the coal seam was established using a
segmented hydraulic fracturing technique. To find
the best setting pressure levels, the stress and defor-
mation properties of the rubber cylinder of the coal
seam fracturing packer during setting and fracturing
were examined. While perfecting hydraulic fracturing
technology for long boreholes through strata of 4 coal
seam at the Dafosi coal mine, advancements were
made in construction and fracturing equipment.

(3) Open-hole drilling was investigated as a potential
approach to examining the impacts of segmented
hydraulic fracturing at the Dafosi mine. The influ-
ence radius of 46–58m on coal seams after fracking
was found by measuring the maximum fracture
extension pressure and minimum fracture closure
pressure during drilling and fracturing. Due to
improved permeability properties from hydraulic
fracturing, extraction concentration of gas increased
by 2.20–4.22 times after fracking compared to pre-
pumping boreholes without fracking and extraction
volume increased by 4.93–11.03 times per 100m.
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