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The depth of shale oil of Fengcheng Formation in Mahu of Junggar Basin, China, is 4500-5000m. The horizontal principal stress
difference of deep shale reservoir is high, which makes it difficult to form complex fractures during fracturing reconstruction. In
order to fully understand the law of hydraulic fracture propagation in the formation during fracturing construction, the
anisotropy characteristics and basic reservoir physical parameters (mineral composition and rock strength parameters) of rock
were obtained through mineral composition test and indoor rock mechanics test (Brazil splitting test), and it was found that
the heterogeneity was strong. The true triaxial fracturing simulation experimental system is used to carry out experimental
research on full-diameter core rock samples, and the propagation patterns of hydraulic fractures under the influence of
different geological factors (in situ stress difference and natural fractures) and engineering factors (pumping rate and fracturing
fluid viscosity) are compared and analyzed. The results show that the in situ stress is the most important factor affecting
fracture propagation, which determines the direction and shape of fracture propagation. The natural weak surface (lamina/
bedding and natural fractures, etc.) in shale reservoir is an important reason for complex fractures. The nature of the weak
plane, occurrence, and in situ stress jointly determine whether the fracture can extend through the weak plane. With the
increase of pumping rate (18mL/min to 30mL/min), the ability of hydraulic fractures to penetrate layers is continuously
enhanced. The horizontal principal stress difference of deep shale reservoir is high, and the low viscosity fracturing fluid
(10mPa·s) tends to activate the horizontal bedding, while the high viscosity fracturing fluid (80mPa·s) tends to directly
penetrate the bedding to form the vertical main fracture. Therefore, the fracturing technology of alternating injection of
prehigh viscosity fracturing fluid and postlow viscosity fracturing fluid can be adopted to maximize the complexity of
fracturing fractures in deep shale reservoirs. The research results are designed to provide theoretical guidance for prediction of
hydraulic fracturing fracture propagation in shale reservoir and have certain reference significance for field construction.

1. Introduction

Shale oil has become a new hot spot of unconventional oil and
gas exploration and development after shale gas [1–3]. China is
rich in shale oil resources [1], but most of them need to be
effectively developed through large-scale volume transforma-
tion [4, 5]. Mahu shale oil is a major exploration area of uncon-
ventional oil and gas resources in Junggar Basin. The deep shale
reservoir has a large stress difference and it is difficult to form
complex fractures [6]. This leads to insufficient volume of res-

ervoir reconstruction [7–11]. In addition, natural fractures,
lamina/bedding, and other discontinuous structures in shale
have a significant impact on effective reservoir reconstruction
volume of hydraulic fracturing. Under high in situ stress differ-
ence, effective communication of these discontinuous struc-
tural planes during hydraulic fracturing has become the key
to the success of deep shale oil reservoir reconstruction. There-
fore, the study of fracture propagation characteristics through
physical simulation experiment plays an important role in the
formulation and implementation of fracturing scheme.
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Many scholars have studied the fracture propagation law
of hydraulic fracturing through experiments. Warpinski and
Teufel [12] have proved that geological discontinuities (natu-
ral fractures, laminas, bedding planes, etc.) significantly affect
the geometric shape of hydraulic fractures, which can restrict
the extension of fractures, increase fluid filtration, hinder
proppant migration, and increase the possibility of forming
complex fractures. Hydraulic fractures tend to penetrate natu-
ral fractures when intersecting with a high angle (>45deg) and
tend to be captured or turned when encountering natural frac-
tures with low angle (>45deg). Blanton [13] summarized the
interaction criterion between hydraulic fractures and natural
fractures through laboratory tests and theoretical analysis
and put forward the conditions for hydraulic fractures to pen-
etrate natural fractures. Xu et al. [14–16] found that different

pore size distributions lead to various transport efficiencies
of shale matrix. Effect of nanoscale pore size distribution
(PSD) on shale gas production is important. Inject gas can
pressurize a thief zone and a less complex and more discrete
pore network better benefits the gas injectivity index. Gipson
[17] studied the relationship between burial depth, porosity,
clay orientation, clay mineral composition, and mineral parti-
cle size of the Pennsylvanian shale in western Kentucky and
found that with the increase in depth, shale illite content
increased and porosity decreased. T. Lo et al. [18] found that
shale still has a certain degree of anisotropy under high confin-
ing pressure. The factors influencing the fracture height are
summarized by Smith et al. [19] as follows: (1) the minimum
horizontal principal stress difference between the production
layer and the interlayer is the main factor affecting the fracture

Table 1: Comparison of true triaxial hydraulic fracturing experimental fracture monitoring methods.

Monitoring method Advantages Disadvantages

Open samples directly [26]
Hydrofracture plane morphology can be

directly observed with tracer

It is difficult to obtain three-dimensional fracture
morphology of samples; it is difficult to distinguish

hydraulic fractures from natural fractures

CT scanning [27]
The distribution of three-dimensional fracture

network can be reconstructed without
destroying the sample

Poor application effect for large size samples; it is expensive
and economical

(a) (b)

(c)

Figure 1: Different cores of Permian Fengcheng Formation in Well Maye X1. (a) Core with laminas. (b) Core with beddings. (c) Core with
three natural fractures.
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height of hydraulic fracturing. (2) The characteristics of the
interlayer interface have a great influence on the fracture height
of hydraulic fracturing. (3) The difference of rock physical
properties and pore pressure in the production interval are
the secondary factors affecting the fracture height. (4) Treat-
ment parameters, such as fracturing fluid density and viscosity,
proppant concentration, construction pumping rate, and per-
foration distribution, have great impacts on the geometry of
fractures. Through the field and laboratory simulation experi-
ments, the influence of different factors on fracture propaga-
tion is analyzed. Sun et al. [20] studied the influence of shale
reservoir bedding direction on fracture propagation through
large-scale shale hydraulic fracturing simulation test. Shicheng
et al. [21] studied hydraulic fracturing fractures of shale out-
crop through laboratory fracturing simulation test and found
that pumping rate and fracturing fluid viscosity were conducive
to the formation of complex fractures within a certain range.
When the local stress difference was low, hydraulic fractures
were easy to propagate directly along natural fractures. The
effect of high local stress difference was favorable for more nat-
ural fractures to communicate and form relatively complex
fracture network. Kao et al. [22] simulated the fracture propa-
gation of deep shale fracturing and analyzed themorphology of
hydraulic fractures under high horizontal stress difference. Xin-
fang et al. [23] used Longmaxi Formation shale with weak bed-
ding cementation strength to carry out true triaxial fracturing
simulation test and found that hydraulic fractures are easy to
turn and propagate along the bedding plane, and the vertical
propagation of fractures is limited. True triaxial physical simu-
lation experiment is a reliable means to study the law of frac-
ture propagation [24, 25], but the experimental results are not
easy to observe, and this problem can be solved by many mon-
itoring methods, as shown in Table 1.

Most of the previous work is aimed at the middle and
lower strata (<3500m), and whether it can strengthen the for-
mation of fracture network under high horizontal stress differ-
ence in deep layer remains to be demonstrated. The previous
experimental samples mostly used outcrops and concrete,
and the experimental simulation was different from the actual

downhole results to some extent [25]. Based on this, a set of
small-size true triaxial experiment system was adopted in this
paper to conduct fracture propagation simulation experiments
on full-diameter core samples with different characteristics.
The internal morphology of shale before and after fracturing
was observed by CT scanning. The morphology of fracture
propagation during hydraulic fracturing in Mahu shale reser-
voir is discussed.

2. Simulation Test of Hydraulic
Fracture Propagation

2.1. Test Basic Physical Parameters. The samples were taken
from the full-diameter core of Mahu in the Junggar Basin
and from adjacent locations of the same well, as shown in
Figure 1. There are no natural fractures in core in Figure 1(a);
only thin gray strip interlayers with thickness of 2–3mm exist.
Core in Figure 1(b) has obvious bedding planes and weak inter-
layer cementation. There is a set of high-angle fractures in core
in Figure 1(c) with a width of about 0.5mm. Before the fractur-
ing experiment, the basic physical parameters such as mineral
composition, permeability, and elastic modulus of rock sam-
ples were tested.

Mineral composition test results show that the mineral
composition of reservoir core presents obvious zoning phe-
nomenon. The main mineral composition are quartz and car-
bonate; the relative content of which are between 20% and
90%. The clay minerals are mostly less than 10%. After further
testing, the clayminerals aremainly composed of two elements,
S (smectite) and It (illite). Permeability test results range from
0.06 to 1:05 × 10−3 μD. It is found that with the increase of
depth, the content of clay minerals in the formation gradually
decreases, while the content of nonclay minerals gradually
increases, but the data fluctuates greatly with the increase of
depth without obvious regularity.

The Brazilian test determines the tensile strength of rock by
measuring the failure load in the direction of diameter and cal-
culating the size of sample. Brazilian splitting is one of the best
methods to analyze the influence of bedding orientation on

Table 2: Diagram of experimental fractures in Brazilian splitting.

Core number
Tensile
strength
(MPa)

Pictures before test Pictures after test Fracture morphology of hydraulic fracturing

Parallel to bedding 14.6

The fracture starts and extends along the layer until the
sample is completely broken. The propagation path is
bedding, and the fracture surface is bedding surface,

which is smooth and flat without turning.

Perpendicular to bedding 23

Both the fracture self-loading jaw and the center of the
disc can fracture, but the local small-scale bedding
fracture around the fracture only occurs when the

fracture path is offset. The incomplete penetration of the
fracture bedding indicates that the fracture of the bedding

is caused by the tensile stress induced by eccentric
compression after the fracture of the sample.
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fracture propagation under tension. The size of the Brazilian
test was 25mm × 13mm (diameter × thickness). In the Brazil-
ian test, the open fracture extends perpendicular to the bedding
plane, which is similar to the hydraulic fracture propagation
model. Table 2 shows two typical fracture morphologies of dif-
ferent bedding orientation in Brazilian test results. The anisot-
ropy of tensile strength is defined as

R = σmax
σmin

, ð1Þ

in which R is the anisotropy of tensile strength, σmax is the
maximum tensile strength, and σmin is the minimum tensile
strength.

The maximum difference of tensile strength is 20MPa.
The anisotropy of elastic modulus is calculated to be 1.7.
The reason for the high heterogeneity is that when the bed-
ding angle is small, the shale splits along the bedding direc-
tion. At this time, the tensile strength mainly depends on the
tensile strength of the weak surface of bedding, so the tensile
strength is low. If the bedding angle is 90°, the shale is frac-
tured through the bedding plane. At this time, the tensile
strength is influenced by the weak surface of shale and shale
matrix, so the tensile strength becomes larger.

2.2. Experimental Device and Sample Preparation. This sim-
ulation adopts a set of small-scale true triaxial fracturing
simulation experimental system independently developed
by the Reservoir Reconstruction Research Office of China
University of Petroleum (Beijing) [28]. The system is mainly
composed of stress loading system, core chamber, constant
speed and constant pressure pump, temperature control sys-
tem, intermediate container, data acquisition system, auxil-
iary devices, and other parts [29]. The physical diagram is
shown in Figure 2. The three-way stress loading can be step-
less adjusted, and the injection pump is a constant speed and
pressure pump, which is precisely controlled by a computer
to monitor and record the wellhead injection pressure and
temperature in real time.

As the cores have been dissected, high strength epoxy
resin glue and20/40 mesh quartz sand was used to fill the
missing parts of edges and corners before processing the
rock samples, as shown in Figure 3(a). Then, the CNC sand
line cutting machine was used to process the rock cubes into
8 cm × 8 cm × 10 cm fracturing samples [30], as shown in
Figure 3(b). In the center of the 8 cm × 8 cm cross-section
of the rock sample, a drill with an outer diameter of 1.5 cm
was used to drill a hole with a depth of 5.3 cm. Finally, the
steel pipe (simulated wellbore) with an outer diameter of
1.3 cm, an inner diameter of 0.6 cm, and a length of 5.8 cm
was sealed in the hole with high strength epoxy resin glue,
and a 1 cm long open hole section was formed at the bottom
of the well, as shown in Figure 3(c).

Figure 4 shows the CT scanning results of the open-hole
section of the sample, which shows the differences in charac-
teristics of different cores. The experiment was divided into
three groups: sample 1# and sample 2#, and sample 3# were
used to simulate the influence of weak face on artificial frac-
ture propagation morphology; samples 4# and 5# were used

to simulate and analyze the effect of pumping rate on artifi-
cial fracture propagation morphology; samples 2# and 6#
were used to simulate and analyze the influence of viscosity
on artificial fracture propagation morphology. The sampling
depth of rock samples is shown in Table 3. The five rock
samples are subjected to similar in situ stresses. Therefore,
the same stress conditions are used to simulate the experi-
ment. This paper mainly studies the fracture propagation
law under deep conditions.

2.3. Experimental Method and Scheme. Due to the limitation
of laboratory conditions, it is difficult to obtain the field scale
parameters of hydraulic fracturing application. Therefore,
according to the performance of laboratory equipment and
referring to the theoretical research of Liu et al. [31], the
design is based on similarity criteria, including similar
energy, similar injection rate, and similar geometric size. In
order to meet the conditions, the fracture toughness and
permeability of samples need to be very low. At the same
time, high viscosity fluid or injection pumping rate should
be used to reduce the impact of rock toughness. However,
it is difficult to strictly meet this standard in laboratory prac-
tice. Therefore, the dimensionless toughness parameter pro-
posed by Savitski and Detournay [32] is used to explain the
similarity of fracture propagation. When κ ≥ 4, the hydraulic
fracture propagation mode is dominated by rock toughness.
When κ ≤ 1, the expansion mode is dominated by viscous
dissipation of fracturing fluid flow. When 1 < κ < 4, the
extended mode belongs to the transition mode. Field
hydraulic fracturing is generally at the viscosity dominated
stage. Therefore, in order to reflect the hydraulic fracture
propagation under field conditions, reasonable injection
parameters (Formula (2)–Formula (5)) are set for indoor
experiments: the pumping rate is 18mL/min (corresponding
to pumping rate of 3m3/min) and 30mL/min (correspond-
ing to pumping rate of 5m3/min). There are two kinds of
fracturing fluid viscosity: low viscosity (10mPa·s) fracturing
fluid and high viscosity (80mPa·s) fracturing fluid.

κ = K ′ t2

μ′5Q3E′13

� �1/18
, ð2Þ

Pressure monitor

Pressure sensor

Stress loading
system

Intermediate vessel

Syringe pump

Control system
𝜎v

𝜎H

𝜎h

Figure 2: Real picture of small size true triaxial fracturing simulation
experimental system.
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K ′ = 4 2
π

� �1/2
KIC , ð3Þ

E′ = E
1 − ν2

, ð4Þ

μ′ = 12μ, ð5Þ

in which κ is the dimensionless toughness parameter (Pa·m1/2),
Q is pumping rate (mL/min)KIc is the fracture toughness of the
rock (Pa·m1/2), E is Young’s modulus (Pa), v is Poisson’s ratio, μ
is fracturing fluid viscosity (Pa·s), K ′ is the material parameter
(Pa·m1/2), E′ is the material parameter (Pa), and μ′ is the mate-
rial parameter (Pa·s).

To simulate the triaxial stress states of the well, the hori-
zontal minimum horizontal stress (σh), horizontal maximum
horizontal stress (σH), and vertical stress (σV) were applied
using triaxial hydraulic loading, as shown in Figure 3(c). The
wellbore direction is consistent with the vertical stress (σV).
The triaxial stress is maintained by a hydraulic servo system.
The stress mechanism of Mahu is simulated, and the horizon-
tal stress difference was kept at 25MPa.

In order to facilitate the observation of the hydraulic frac-
ture morphology, fracturing simulation experiments were car-
ried out in the fracturing fluid mixed with fluorescent agent.
After the test, the morphology of hydraulic fractures was deter-
mined according to the distribution of staining fluid on the
surface and inside the sample. In the process of fracturing sim-
ulation, the intermediate container pipeline of fracturing fluid is

(a)

2 cm

(b)

43 mm

15 mm

Steel tube

OHS
10 mm

80 mm

10
0 

m
m

80 mm
Y

X

Z 𝜎H

𝜎h

𝜎v

(c)

Figure 3: Schematic diagram of full diameter core and physical model sample and well completion. (a) Core sizing and setting process. (b)
Fracturing test sample. (c) Schematic diagram of well completion.
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2 cm

(a) (b)

(c) (d)

(e) (f)

Figure 4: CT scan of open-hole. (a) Sample 1#. (b) Sample 2#. (c) Sample 3#. (d) Sample 4#. (e) Sample 5#. (f) Sample 6#.

Table 3: Depth of experimental sample.

Number Sample 1# Sample 2# Sample 3# Sample 4# Sample 5# Sample 6#

Depth (m) 4562.9 4556.8 4558.8 4531.6 4571.8 4554.2
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Vertical step–like through–layer
expansion, with tortuos path

and many fractures

Luminated seam

Open a natural
fracture

Artificial 
fracture

close natural
fracture

𝜎H

𝜎v

(a)

The laminae are opened, and the
salt intercalation locally inhibits

the fracture height from expanding,
and the “cross” shaped fracture

Luminated seam

Open a natural
fracture

Artificial 
fracture

close natural
fracture

𝜎H

𝜎v

(b)

Luminated seam

Open a natural
fracture

Artificial 
fracture

close natural
fracture

𝜎H

𝜎v

Low intersection angle (≤ 30°)

High intersection angle (≥ 60°)

(c)

Figure 5: Fracture morphology of sample surface after fracturing. (a) Sample 1#. (b) Sample 2#. (c) Sample 3#.

(a) (b)

Figure 6: Diagram of sample after fracturing. (a) Sample 4#. (b) Sample 5#.
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connected to the wellhead, and the fracturing fluid in the inter-
mediate vessel is injected into the wellbore at a constant rate
with a constant speed pump, and the pressure sensor at the
wellhead synchronously collects pressure changes throughout
the fracturing process. When the wellhead pressure drops rap-
idly and no longer increases, the pump stops. After the experi-
ment, the rock samples were taken out from the sample
chamber, and the fracture morphology and proppant distribu-
tion of the rock samples were identified through comprehensive
analysis of CT scanning, tracer distribution, and rock sample
division [27]. And the fracture propagation characteristics were
analyzed based on the injection pressure curve.

3. Experimental Results and Analysis

3.1. Effect of Bedding/Lamination/Natural Fracture on
Fracture Morphology. Three groups of horizontal well frac-
turing experiments with different development characteris-
tics were carried out according to the experimental scheme.
The fracture morphology results are shown in Figure 5, in
which the blue dotted lines are artificial fractures, the white
dotted lines are lamination/bedding, and the yellow dotted
lines are natural fractures.

The results show that there are three typical experimen-
tal patterns of vertical fracture extension under the action of
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Figure 7: Injection pressure curve of different pumping rates. (a) Sample 4#. (b) Sample 5#.
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stratification: directly through the stratification, trapped by
stratification, and migration. When the fracture is orthogonal
to bedding, the difference in the cementation strength of bed-
ding plane will lead to different propagation patterns of the
fracture: there are two striped layers in 1# (Figure 5(a)), with
strong cementation strength. The hydraulic fracture starts
along the direction of maximum horizontal principal stress
and turns through the two striped layers in longitudinal expan-
sion, with tortuous paths andmultiple fractures. The horizontal
bedding is obvious in the 2# dark gray shale, and the cementa-
tion strength is weak. The hydraulic fractures start along the
direction of the maximum horizontal principal stress and are
captured by the horizontal bedding after longitudinal penetra-
tion, resulting in shear or opening of the horizontal bedding.
The longitudinal extension of hydraulic fractures in the 2#
shale is obviously limited by bedding.

Under the condition of certain approaching angle and
horizontal principal stress difference, natural fracture will
change the extension form of hydraulic fracture [33, 34].
When the approach angle is larger than 60° and the stress
difference is higher, hydrofractures tend to continue to extend
through natural fractures. When the approach angle is small
(less than 30°) and the stress difference is low, the hydraulic
fracture tends to turn to continue to extend along the natural
fracture. In other cases, when hydraulic fractures intersect
with natural fractures, they are often accompanied by mixed
extension of crossing, opening, and branching [4, 5]. There
is a group of calcite filled natural fractures developed in 3#
grey siltstone. Fracturing fluid is lost along low angle fractures,
leading to local diversion of artificial fractures, and hydraulic
fractures spread through high angle fractures.

It can be seen that weak surface can increase the fracture
density of hydraulic fracturing, thus improving the adequacy
and stimulation effect of reservoir stimulation. However, the
opening of too many bedding will restrict the expansion of
hydraulic fractures in the length and height direction and
reduce the volume of effective reservoir reconstruction.

3.2. Effect of Pumping Rate on Fracture Propagation
Morphology. Pumping rate is one of the important engineering
factors affecting fracturing effect [35, 36]. It is of great signifi-

cance to study the influence of pumping rate on hydraulic frac-
ture propagation in Mahu deep tight shale reservoir. Sample 4#
and sample 5# are subject to hydraulic fracturing test with
pumping rate of 18mL/min and 30mL/min, respectively. Both
4# and 5# have similar development characteristics. The sample
after fracturing is shown in Figure 6, and the pumping pressure
curve is shown in Figure 7.

In the process of 4# flow rate (18mL/min) fracturing, the
pressure rises gradually. When it reaches 17.03MPa (250 s),
the sample cracks and forms a fracture, and then, the pres-
sure drops rapidly. With the injection of fracturing fluid,
the bottom hole pressure continues to rise slowly and fluctu-
ates slightly, indicating that the fracture communicates with
the weak side during the expansion process. After the bot-
tom hole pressure reaches about 8.5MPa, the pressure will
not rise for a period of time and the pump will be stopped.
In the process of 5# flow rate (30mL/min) fracturing, the
sample starts to crack when the bottom hole pressure
reaches 12.99MPa (70 s). With the injection of fracturing
fluid, the bottom hole pressure continues to rise slowly and
then cracks again when the maximum pressure reaches
17.77MPa. After that, four small spikes appear in the pres-
sure fluctuation, forming multiple branch fractures. Then,
the pressure drops to 12MPa, the pump is stopped, the bot-
tom hole pressure decreases, and the fracturing fluid flows to
the sample surface through the formed hydraulic fractures.
After fracturing, the fractures are complicated. Increasing
pumping rate can communicate more weak points, thus
increasing effective stimulated reservoir volume (ESRV).

3.3. Influence of Fracturing Fluid Viscosity on Fracture
Propagation Morphology. Fracturing fluid performance
mainly includes friction characteristics, rheological character-
istics, and filtration performance, while viscosity can be used
as a comprehensive index [37]. The change of fracturing fluid
viscosity can affect the performance of fracturing fluid such as
friction, sand suspension, filtration, and flowback. Fracture
morphology and pressure curves of samples 6# and 2# are
shown in Figures 8 and 9. Fracturing fluid viscous (80mPa·s)
under the condition of sample 6# pressurization rate quickly,
the formation of fracture width is bigger, the fracture pressure

(a) (b)

Figure 8: Diagram of sample after fracturing. (a) Sample 6#. (b) Sample 2#.
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is 38.8MPa, midway through a rush that accompany branch
seam formation, longitudinal extension on full hydraulic frac-
ture after fracturing, the bonding interface, hydraulic fracture
directly through the vertical stratification, seam fractures
formed near the bedding branch at the same time. It shows that
the fracturing fluid is less filtrated into the bedding. Under the
condition of low viscosity of fracturing fluid (10mPa·s), sample
2# was not completely fractured, with continuous high pressure
and narrow and tortuous fracture width. The fracture pressure
of the sample was 13.7MPa, which decreased by 65% compared
with the hydraulic fracture of high viscosity fracturing. A longi-

tudinal hydraulic fracture was formed, which was only 4.3 cm in
height. The fracture fluid filtration is large, and the filtration
fluid has a certain lubrication effect, which reduces the shear
strength of weak interlayer surfaces, and leads to activation of
weak interlayer surfaces connected with vertical main hydraulic
fractures, forming complex hydraulic fracture networks.

For the deep shale reservoir with high ground stress differ-
ence and well-developed bedding, it is suggested that the frac-
turing fluid with high viscosity should be used first to form the
main fractures to break through the bedding interference near
the wellbore and then injected into low seam fracturing fluid
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Figure 9: Injection pressure curve of different pumping rate pumps. (a) Sample 6#. (b) Sample 2#.
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viscosity activation and the main interaction of bedding, with
increasing the complexity of fractures, as much as possible to
help maximize shale reservoir modification effect.

4. Conclusions

In this paper, an indoor fracturing simulation experiment
was carried out on full-diameter tight shale core samples of
Mahu to study and the influence of different factors on frac-
ture propagation in this area. After the study, the following
conclusions are drawn:

(a) Laminae, bedding, or millimeter-scale lithological
interbeds (dolomite, quartz, and salt) can be opened,
locally inhibiting the seam height extension and the
overall penetration of layers. Whether the natural
fracture is opened or not is affected by many factors
such as cementation strength and permeability, and
there is uncertainty

(b) The high pumping rate (30mL/min) is conducive to
the fracture height passing through laminar and litho-
logic interlayer and opening natural fractures locally.
Under the effect of the stress difference in the reser-
voir, when the pumping rate is high, the fractures
can penetrate into the reservoir more quickly and
expand rapidly in the reservoir. When the pumping
rate is low, the fracture expands slowly and has little
influence on fracture propagation morphology

(c) Viscosity of fracturing fluid has a more significant
effect on fracture expansion. The high viscosity
(80mPa·s) fracturing fluid is conducive to increasing
fracture pressure and facilitating artificial fractures
through laminae and bedding. Under the condition
of 25MPa horizontal stress difference, the fracture
width formed by low viscosity fracturing fluid
(10mPa·s) is narrow and tortuous compared with
high viscosity fracturing fluid. It is recommended
to use high viscosity fracturing fluid as front fluid
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