
Research Article
Experimental Study on Fracture PropagationMechanism of Shale
Oil Reservoir of Lucaogou Formation in Jimusar

Jianmin Li,1 Yushi Zou ,2 Shanzhi Shi,1 Shicheng Zhang,2 JunchaoWang,1 Xinfang Ma,2

and Xiaohuan Zhang2

1Engineering Technology Institute, Petro China Xinjiang Oilfield Company, Xinjiang 834000, China
2State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum (Beijing), Beijing 102249, China

Correspondence should be addressed to Yushi Zou; zouyushi@126.com

Received 19 September 2021; Revised 16 January 2022; Accepted 4 February 2022; Published 27 February 2022

Academic Editor: Xiang Zhou

Copyright © 2022 Jianmin Li et al. +is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

+e lithology of shale oil reservoir of Lucaogou Formation in Junggar Basin, China shows great variation in a vertical direction and
develops bedding planes (BPs). In such formation, rock properties and fabrics have a significant impact on stimulation effects. To
clarify the fracture propagation mechanism in a vertically heterogeneous reservoir, an experimental study on fracture propagation
in layered rock samples with complex lithology has been conducted. +e effect of layers on the height of hydraulic fractures (HFs)
was analysed based on triaxial hydraulic fracturing simulation system combined with mineral and mechanical characteristics
analysis. +e research shows that when the HF is initiated in siltstone layer, it tends to penetrate BPs with the dimensionless
fracture height of more than 0.74. WhenHF is initiated in mudstone layer, the vertical growth of HFs tends to be terminated at the
BPs, and thefracture height is constrained.+e greater the thickness of the interlayer is, the more likely the HFs tend to be cut off at
the interface and propagate along the interface, resulting in the limited fracture height. Under high horizontal stress difference,
HFs are relatively straight. Due to the high permeability of BPs and the low viscosity of fracturing fluid, the fluid leakoff into BPs is
observed, which is not conducive to the vertical propagation of HFs. Increasing the viscosity of fracturing fluid facilitates HFs to
penetrate the high-permeability BPs and improves the vertical stimulated volume of shale oil reservoir.

1. Introduction

+e shale oil reservoir of Lucaogou Formation in Junggar
Basin was deposited in the salinized lake basin sedimentary
environment after the closure of residual sea. During the
sedimentary period of Lucaogou Formation, the lake basin
was in the environment of continuous transformation of
deep and shallow water. Due to the influence of structure
and climate, the vertical lithology of the reservoir varies
greatly in a vertical direction, and the BPs are developed
[1–3]. +e influence of BPs on HFs propagation behavior
and stimulated volume is not clearly understood. Conse-
quently, the selection of fracturing process and engineering
parameters mainly lacks theoretical support, and the height
of HFs and vertical stimulated volume are limited [4].
+erefore, it is of great significance to study the interaction
mechanism between geological interface and HFs and the

theory of fracture propagation in a vertical heterogeneous
reservoir.

International scholars have conducted a large number of
experimental studies on the mechanism of HF propagation
[5–9]. +e HF propagation behavior in layered rock for-
mations was first studied by Daneshy [10], who found that
the HF will penetrate the bonding interface, but the
unbonded interface will stop the HF, which is independent
of the difference of mechanical properties between the two
layers. Wu et al. [11] studied the propagation form of HFs in
layered media through plexiglas. It was found that when HFs
propagate from rigid media to soft media, the fractures will
penetrate the interlayer interface. When the HF propagates
from soft medium to rigid medium, the fracture will be cut
off or deflected. +e fracture mechanics analysis at the in-
terface can be used to judge whether the fracture can
penetrate the layer. Athavale and Miskimins [12] used
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cement and sandstone tomake layered rock samples to study
the fracture propagation dynamics of layered formation.+e
experiment found that radial HFs were formed in homo-
geneous samples and complex fractures were formed in thin
multi-laminated samples, which were caused by the dif-
ference of interlaminar mechanical properties, namely, in-
terfacial shear slippage and strength of the interface. In the
experiment, the similarity criteria established by Bunger
et al. [13] and Pater et al. [14] were successfully applied, and
quasi-static propagating HFs were formed in the laboratory.
Heng et al. [15] conducted true triaxial hydraulic fracturing
simulation test on shale outcrop, finding that when hy-
draulic fractures encounter BPs, and observed three types of
responses of HFs: (1) stagnation on weak BPs, (2) crossing
strong BPs, and (3) deflecting from weak BPs. Whether the
HF penetrates through or deflects from the BPs mainly
depends on the mechanical properties of BPs. Compared
with the shale reservoir deposited in marine environment
with stable distribution in North America, the shale reser-
voir formed in continental environment in China, subjected
to complex tectonic movement, was characterized by
complex lithology and ample mineral types [16, 17].
+erefore, it is necessary to study the fracture propagation
behavior in reservoirs where lithology varies greatly in a
vertical direction.

At present, a series of laboratory fracturing experiments
on the HF propagation in layered formation have been
carried out; however, most of the experiments were carried
out on artificial cores and field outcrops, while there were
relatively few studies on the HF propagation on the
downhole cores of thin-interbedded shale oil reservoirs with
BPs. +erefore, it is necessary to further carry out laboratory
physical simulation research on thin-interbedded shale oil
reservoir to encounter the exploration and development
needs of reservoirs with complex geological structure in
different blocks in China. +rough the XRD analysis and
brittleness evaluation of downhole cores, the petrophysical
properties of complex lithology were studied to support
fracture propagation experiments. After that, a set of true
triaxial fracturing simulation experimental devices was
applied for fracturing physical simulation experiment with
layered samples. +en fracture propagation mechanism of
shale oil reservoir of Lucaogou Formation in Jimusar Basin
was analysed.

2. Petrophysical Properties

2.1. XRDAnalysis of Reservoir Rock Samples. +e sample was
prepared from the downhole core (10 cm in diameter) of
Lucaogou Formation in Junggar Basin from the same well.
Before the fracturing simulation experiment, the mineral
composition and basic physical parameters of the rock
sample were tested.

+e mineral composition of 31 samples was tested. As
shown in Figure 1, the main mineral components of shale oil
in Lucaogou Formation are quartz and carbonate, with a
content of 20% to 90%. +e content of clay minerals, less
than 10%, is relatively small.+e average content of the main
minerals of quartz is 22.44%, plagioclase feldspar 27.38%,

dolomite 28.58%, calcite 10.37%, and clay minerals 5.85%.
Based on previous studies [18–21], quartz minerals (quartz,
potassium feldspar, and plagioclase) and carbonate minerals
(dolomite) are used as brittle minerals to calculate and
analyse the brittleness index (formula (1)) of rock mineral
composition in shale oil reservoir of Lucaogou Formation in
Jimusar Basin.

BM �
mqua + mpf + mpla + mdol

mtotal
, (1)

where mi is the weight fraction of component, i is qua is
quartz, pf is potassium feldspar, pla is plagioclase, and dol is
dolomite.

+e results in Figure 1 show that except for a few cores
with higher content of clay minerals and sulfate minerals
and a lowmineral composition brittleness index, the mineral
composition brittleness index of other cores is all higher
than 0.6, with little difference.

2.2. Brittle Characteristics of Rocks with Different Lithology in
Lucaogou Formation. In order to explore the influence of
BPs on rock brittleness, standard cores of 5 cm in length and
2.5 cm in diameter were drilled in different directions for the
same downhole core. Triaxial compression mechanical tests
were carried out for cores in directions parallel and vertical
to BPs. +e experimental results are shown in Figure 2.

From the stress-strain curve, it can be seen that the
micritic dolomite sample (sample #12–34 vertical core) that
is perpendicular to BP direction presented obvious ductile
characteristics. After reaching the peak stress of 130MPa,
there is no obvious damage behavior with the increase of
strain, and there is no sudden drop in load. +e micritic
dolomite (sample #12–34 parallel core) parallel to the BP
direction shows strong brittleness characteristics. After
reaching the peak stress of 228MPa, fracture appears

100

M
in

er
al

 co
m

po
sit

io
n 

co
nt

en
t (

%
)

80

60

40

20

0

Sample No

0.2

0.4

0.6

M
in

er
al

 co
m

po
sit

io
n 

br
itt

le
ne

ss
 in

de
x

0.8

1.0

8-
15

6-
11

6-
22

11
-8

14
-7

13
-1

5
12

-3
3

14
-3

2
13

-8
14

-9
12

-2
13

-1
4

12
-3

8
11

-4
6-

15
13

-2
4

13
-9 6-
3

12
-3

4
16

-4
15

-5
8-

30 5-
8

4-
63

11
-2

6
16

-2
14

-2
7

11
-2

2
13

-3
1

15
-1

1
7-

43

Quartz
Carbonates

Clay
Sulfates

Figure 1: Mineral composition and brittleness evaluation results of
cores in shale oil reservoir of Lucaogou Formation.
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obviously, the loading capacity decreases greatly, the post-
peak stress decreases rapidly, and the residual stress is about
150MPa. +e vertical core volume strain is 4.19×10−3, and
the parallel core volume strain is −5.06×10−4. +is indicates
that the vertical core occurred plastic deformation and
volume compression. Parallel cores produced macroscopic
fractures and exhibited volume expansion. From the fracture
geometry of rock samples, it can also be found that macro
shear fractures appear in the rock samples in the direction
parallel to BPs, while the rock samples in the direction
perpendicular to BPs show expansion deformation behavior.
Based on the energy evolution analysis of full stress-strain
curve, many scholars put forward the method that can best
reflect the brittle characteristics of rock [22–25]. High
brittleness means that the sample stores more absorbed
energy in the form of elastic strain energy before the peak,
rock failure depends more on the release of elastic strain
energy, and the consumption of elastic strain energy is more
thorough after the peak value. According to this definition,
the brittleness index B (composed of B1, B2, and B3, formula
(2)–(5)) proposed by Li et al. [26] is used to evaluate the
brittleness of rock energy evolution of Lucaogou Formation.
+e brittleness index for sample (#12–34 parallel core) in the
direction parallel to BPs is 0.67, and that of sample (#12–34
vertical core) in the direction perpendicular to BPs is 0.

Comprehensive analysis shows that BPs anisotropy has a
great impact on the mechanical properties and brittleness
characteristics of rock samples. +e brittleness of rock
samples in the direction parallel to BPs in the same
downhole rock core is greater than that of the samples in the
direction perpendicular to BPs.

Prepeak stage: the higher the proportion of input energy
stored in the form of elastic properties, the higher the
brittleness [26].

B1 �
U

e
p

Up

�
(1/2E) σp + σc 

2
+ 2σ2c − 2] 2 σp + σc σc + σ2c  


εap

0 σadεa + σcεvp

,

(2)

where Ue
pUe

p and Up are the elastic strain energy and
absorbed energy, respectively; E is the Young’s modulus; σp,
σa, and σc are the peak stress, axial stress, and confining
pressure; εaεa and εvp are the axial strain and volumetric
strain, respectively; v is the Poisson’s ratio; B1 is prepeak
brittleness index.

Postpeak stage: the higher the proportion of released
elastic energy in the process of driving rock fracture, the
higher the brittleness. W> 0, class I curve (brittle plastic);
w< 0, class II curve (super brittle) [26].

B2 �

ΔUe

W + ΔUe �
(1/E) σp + σr + 2σc − 4]σc 

−1/Ma(  σp + σr + 2σc − 4σc −Ma/Mr(   +(1/E) σp + σr + 2σc − 4]σc 
, W> 0,

1, W≤ 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(3)

where W is the extra energy, σr is the residual stress, Ma is
the axial softening modulus, Mr is the radial softening
modulus, and B2 is postpeak brittleness index.
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Figure 2: Brittle characteristics of rocks in different BP directions: (a) stress-strain curve; (b) fracture geometry in cores parallel to BP
direction; (c) fracture geometry in cores perpendicular to BP direction.
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Residual stage: the more thoroughly the elastic energy is
released, the higher the brittleness [26].

B3 � 1 −
U

e
r

U
e
p

� 1 −
σr + σc( 

2
+ 2σ2c − 2] 2 σr + σc( σc + σ2c 

σp + σc 
2

+ 2σ2c − 2] 2 σp + σc σc + σ2c 
,

(4)

where Ue
r is the residual energy, and B3 is the residual

brittleness index.
+erefore, the total brittleness index is calculated by the

following equation [26]:

B �
3


3
i�1 1/Bi( 

. (5)

+e brittleness of rocks with different lithology of
Lucaogou Formation was calculated based on the stress-
strain data obtained from triaxial compression experiment.
It can be found in Figure 3 that the reservoir rocks of
Lucaogou Formation have strong heterogeneity, and the
brittleness of rocks with different lithology has a wide range
of variation, including argillaceous siltstone, sandy dolomite,
and shale. +e average energy evolution brittleness index of
pelitic siltstone was 0.77, dolomitic siltstone 0.68, mud shale
0.61, dolomitic mudstone 0.43, micritic dolomite 0.45, and
sandy dolomite 0.68. Among them, the energy evolution
brittleness index of pelitic siltstone, mud shale, and sandy
dolomite is higher than 0.6, dolomitic siltstone and micritic
dolomite is medium, greater than 0.5, and dolomitic
mudstone is low, less than 0.5. In order to explore the
fracture propagation mechanism of rocks with complex
lithology and different brittle characteristics of continental
shale oil, the physical simulation experiment of fracture
propagation has been carried out.

3. Physical Simulation Experiment of
Fracture Propagation

3.1. Experimental Apparatus and Preparation of Layered
Samples. A set of true triaxial fracturing simulation ex-
perimental devices is applied for fracturing physical simu-
lation experiment. +e device is mainly composed of liquid
supply system, stress loading system, real-time data moni-
toring and acquisition system, and rock chamber and
acoustic emission acquisition system. +e experimental
device is shown in Figure 4.

Preparation process of fracturing test sample is shown in
Figure 5. Firstly, the downhole cores with the diameter of
100mmwere cut into discs, which then were bonded to form
thin-interbedded cylindrical samples by epoxy with the
height of 10 cm (divided into 3 layers: L1 � 2 cm, L2 � 6 cm,
and L3 � 2 cm). Finally, the cylindrical sample is cut into
8 cm× 8 cm× 10 cm cube. At the center of surface with the
size of 8 cm× 8 cm, a borehole of 5.3 cm was drilled with a
drill bit (outer diameter of 1.5 cm) to place the simulated
wellbore. A steel pipe (simulated wellbore) with an outer
diameter of 1.3 cm, an inner diameter of 0.6 cm, and a length
of 4.3 cm is cemented in the borehole with epoxy. An open
hole section (OHS) with a length of 1 cm at the bottom of the

well was left unsealed. +e standard small-size downhole
fracturing physical model is shown in Figure 5(d).

3.2. Experimental Method and Scheme. +e minimum
horizontal principal stress is applied to simulate the three-
dimensional in-situ stress state of a vertical well σh, maxi-
mum horizontal principal stress σH is perpendicular to the
shaft axis, and vertical stress σV is parallel to the shaft axis
(Figure 5(d)). +e fracturing simulation experiment is
carried out with the fracturing fluid added with the yellow
fluorescent agent to observe the HF geometry. In the process
of fracturing simulation, the double-cylinder constant speed
and pressure pump is used to inject the fracturing fluid from
the intermediate container into the wellbore at a constant
injection rate, and the wellhead pressure is recorded by the
pressure sensor and transmitted to the computer. When the
wellhead pressure drops rapidly and does not increase
pressure, it indicates that the HF starts to fracture and
extends to the sample surface. At this time, the pump is
stopped. After the experiment, the rock sample is taken out,
the surface fracture geometry is determined according to the
distribution of fluorescent agent solution on the sample
surface, and the fracture initiation and propagation
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Figure 4: Small-size triaxial fracturing simulation system.
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characteristics combined with the wellhead injection pres-
sure curve are analysed.

+e experiment mainly considers the effects of reservoir
lithology, interlayer thickness, horizontal stress difference,
and fracturing fluid viscosity on HF propagation, and a total
of 7 groups of experiments are carried out. Table 1 lists the
parameters used during the fracturing experiments.

4. Experimental Results and Analysis

4.1. Injection Pressure versus Time Curves Characteristics.
Samples 1–3 were the comparison of different lithologies,
samples 2 and 4 were the comparison of different horizontal
stress differences, samples 5 and 6 were the comparison of
different layer thicknesses, and samples 3 and 7 were the
comparison of different fracturing fluid viscosities. Figure 6
shows the injection pressure versus time curves during the
fracturing experiments. +e specific parameters are given in
Table 1 When the fluid was injected into the wellbore, the
injection pressure increased rapidly from zero with the
injection time. +e injection pressure then reached a peak
value, namely, breakdown pressure. Afterward, the injection
pressure decreased sharply, indicating that HF was initiated
from OHS. HF continued to propagate at a propagate
pressure that fluctuated above and below the minimum
horizontal stress (σh � 2MPa) until the pump was shut-in.
+e pressure curve patterns of different experiments were
significantly different, especially in terms of pressurization
rate and breakdown pressure. +ese findings will be dis-
cussed in the subsequent subsections.

4.2. Influence of Reservoir Lithology Difference. +e basic
physical property research shows that the mechanical
properties of rock samples with different lithology of
Lucaogou Formation in Junggar Basin are obviously dif-
ferent [27, 28]. In this section, the influence of reservoir
lithology difference is considered. +e rock properties used
for the three samples were measured by Triaxial compres-
sion test and Brazilian disc test and are listed in Table 2. +e
lithology of sample #1 is pelitic siltstone, the lithology of
sample #2 is the combination of silty mudstone in themiddle
layer and dolomitic siltstone 1 in the interlayer, and the

lithology of sample #3 is the combination of dolomitic
siltstone 2 in the middle layer and siltstone in the interlayer.

Under the condition of injection rate of 20mL/min,
according to injection pressure versus time curves (Fig-
ure 6), the breakdown pressure was 8.94MPa in sample #1,
and the fracture height was 10 cm (Figure 7(a)), which
penetrate the whole sample. In sample #2, the breakdown
pressure was 15.1MPa, and the fracture height was 6.4 cm
(Figure 7(b)). In sample #3, the breakdown pressure was
25.6MPa, and the fracture height was 7.4 cm (Figure 7(c)).
+e experimental results show that the greater young’s
modulus and tensile strength of middle layer and interlayer
rocks, the greater breakdown pressure of samples. +e
breakdown pressure of high-strength sample #3 was 1.86
times greater than that of sample one. Moreover, the
greater strength of the rock sample, the higher fluid flow
resistance in the fracture of the sample. +e propagate
pressure was 1.58MPa in sample #1, 2.05MPa in sample #2,
and 4.5MPa in sample #3. +e propagate pressure was
increased by 1.84 times, which was due to the narrow
fracture and narrow liquid flow channel of rock with high
strength.

+rough analysing the local fracture propagation pattern
(Figure 8), the influence of BPs on fracture propagation can
be observed more intuitively. In the pelitic siltstone of
sample #1, when the BP was activated, the HF directly
penetrates the BP. In the silty mudstone of sample #2, when
the HF encounters BP 1, it activates the BP, turns to
propagate along the BP, and then initiates again to continues
to propagate along the direction of horizontal maximum
principal stress, which soon encounters BP 2. After opening
BP 2, it propagates along the horizontal BP to the boundary
and fails to penetrate BP 2. Its width is less than that of
sample #1. +e BP opening width in sample #2 is greater
than that of sample #1. It shows that BPs in mudstone are
easier to open and have a greater barrier effect on the vertical
propagate of HFs.

In the nonlayered low Young’s modulus and low-
strength sample, the fracture starts from the OHS, propa-
gates up and down the wellbore, and penetrates the whole
sample, and two horizontal BPs are opened. However, in the
high-strength sample, the fracture tends to propagate to the
upper part of the wellbore and fails to penetrate the whole

(a)
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(b)
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(c)

σHσh

σv

(d)

Figure 5: Fabrication process of small-size model. (a) Cutting discs from downhole cores. (b) Bonding of different lithology. (c) Cutting
cylindrical samples into the cube. (d) Drilling and completion.
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Table 1: Parameters used during the fracturing experiments.

Sample number Layer thickness: L1/L2/L3 (cm) Injection rate (mL/min) Viscosity (mPa·s) Horizontal stress difference (MPa)
1 10 20 100 13
2 2/6/2 20 100 13
3 2/6/2 20 100 13
4 2/6/2 20 100 18
5 3/4/3 5 100 13
6 2/6/2 5 100 13
7 2/6/2 20 3 13
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Figure 6: Comparison of injection pressure versus time curves characteristics under different influencing factors. (a) Different lithology;
(b) different horizontal stress difference; (c) different layer thickness; (d) different fracturing fluid viscosity.

Table 2: Statistical table of downhole rock sample properties.

Rock name Young’s modulus (GPa) Tensile strength (MPa)
Pelitic siltstone 12 6
Silty mudstone 15.64 6.49
Dolomitic siltstone 1 6.16 5.1
Dolomitic siltstone 2 20.2 6.79
Siltstone 33.53 8.49
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(a) (b)

(c)

Figure 7: Fracture geometry and pressure curves of different lithologies. (a) Sample #1. (b) Sample #2. (c) Sample #3.
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Figure 8: BP propagation behavior of HFs with different lithology. (a) +e HF penetrating the BP in sample #1. (b) HF cutting off by BP in
sample #2.
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sample. +e strength increases, and the fracture height
shows a downward trend. Without opening the BP, the
fractures can penetrate the bonding interface of the reser-
voir. However, sample #2 failed to reach the bonding in-
terface of the upper layer due to the propagation between the
upper two BPs. When the HF is initiated in argillaceous
siltstone, it tends to propagate through BP, and the di-
mensionless fracture height (HF height/sample height) is
higher than 0.74. When HF is initiated in mudstone, the
vertical growth of HF tends to terminate at BPs, and the
fracture height is constrained.+is is mainly because the BPs
of mudstone are more developed and the cementation
strength is lower.

4.3. Influence of Horizontal Stress Difference. +e horizontal
stress difference has an important impact on the complex
fracture geometry of natural fracture-developed reservoir.
Generally, the smaller the horizontal stress difference is, the
easier it is to form a complex fracture network. For the
reservoir with well-developed BP and underdeveloped
natural fractures, the impact of horizontal stress difference
on fracture propagation needs to be further studied. +is
section analyses the impact of horizontal stress difference on
fracture propagation geometry. As shown in Figure 9, under
the conditions of injection rate of 20mL/min and viscosity of
100mPa·s, the breakdown pressure was 15.16MPa in sample
#2 under the horizontal stress difference of 13MPa, forming
an HF with a height of 6.4 cm, opening two horizontal BPs,
and penetrating the interface of the lower bonding layer.
Under the horizontal stress difference of 18MPa, the
breakdown pressure was 20.57MPa in sample #4, forming
an HF with a height of 3 cm. +e fracture is more straight
and fails to penetrate the interface of the upper bonding

layer. A horizontal BP is formed in the middle, and the HF
was cut off by the BP.+e experimental results show that the
horizontal stress difference increases, the HF is more
straight, the propagation is more difficult, the vertical growth
of HF tends to terminate at the interface, and the fracture
height is small. +e horizontal stress difference increases by
5MPa, the breakdown pressure increases by 35.7%, and the
HF height decreases by 37.5%.

4.4. Influence of Interlayer >ickness. +e influence of in-
terlayer thickness on the vertical propagation of HFs is still
unknown [16].+is sectionmainly considers the influence of
interlayer thickness on fracture geometry. When the
thickness of the interlayer is 3 cm, the fracture geometry of
sample #5 is shown in Figure 10(a). +e HF fails to penetrate
the upper bonding interface, and the fracturing fluid is
leaking off from the bonding interface, with a fracture height
of 7.4 cm. When the thickness of the interlayer is 2 cm, the
fracture geometric characteristics of sample #6 are shown in
Figure 10(b). +e HF penetrates through the upper and
lower bonding interfaces, penetrates the whole sample, ,
opens two horizontal BPs in the middle layer, with complex
fracture geometry, and the fracture height reaches 10 cm.
+e pressure curve is shown in Figure 6(c). +e breakdown
pressure was 15.1MPa in sample #5 and 18.28MPa in
sample #6. +ere is little difference in the strength of rock
samples between the two groups, and the breakdown
pressure is similar. +e experimental results show that with
the increase of interlayer thickness, the HF tends to ter-
minate at the reservoir interlayer interface and propagate
horizontally along the interlayer interface, and the fracture
height is limited. +e interlayer thickness increases by 50%,
and the HF height decreases by 26%.

(a) (b)

Figure 9: Fracture geometry under different horizontal stress difference. (a) Sample #2: horizontal stress difference 13MPa. (b) Sample #4:
horizontal stress difference 18MPa.
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4.5. Effect of Fracturing Fluid Viscosity. +e performance of
fracturing fluid mainly includes frictional characteristics,
rheological characteristics, and leakoff. Viscosity can be
used as a comprehensive index and is an important
physical parameter of fracturing fluid. +is section mainly
considers the influence of liquid viscosity on fracture
propagation. Under the condition of high viscosity of
fracturing fluid (100mPa·s), the breakdown pressure was
25.59MPa (Figure 6(d)), the bottom hole pressure growth
rate was fast, the breakdown pressure was high, the HF
propagated sufficiently vertical and penetrated the
bonding interface, and fracture height reached 7.4 cm.
Under the condition of low viscosity of fracturing fluid
(3mPa·s), the breakdown pressure of the sample was
8.35MPa, which is 67.4% lower than that of high viscosity
fracturing fluid, formed a vertical HF with a height of only
3.1 cm (Figure 11). A natural BP was activated at the upper
and lower parts respectively, and the vertical propagation
of the fracture was seriously limited. When the fracturing
fluid viscosity was 100mPa·s, the fracture height increases
by 1.39 times compared with the fracturing fluid viscosity
of 3mPa·s.

+e experimental results show that the viscosity of
fracturing fluid has an important impact on the HF prop-
agation of BP development samples. Due to the strong
permeability of BP and the low viscosity of fracturing fluid,
the liquid is easy to leak off along the BP, which is not
conducive to the vertical propagate of HFs. Increasing the
viscosity of fracturing fluid is helpful for the fracture to
penetrate the excessively permeable BP and significantly
improve the vertical propagation of fractures. However,
under the condition of high viscosity fracturing fluid, HFs
are difficult to activate BP, and the fracture geometry is
single. In order to improve the fracture control volume, the
combined fracturing method of high viscosity fracturing
fluid and low viscosity fracturing fluid can be considered.

+e high viscosity fracturing fluid breaks through the BP
barrier, and low viscosity fracturing fluid activates the BP.

5. Conclusion

In this study, the laboratory fracturing simulation experi-
ment was carried out on the downhole core samples of
Lucaogou Formation, Junggar Basin, China. Fracture
propagation behavior in thin-interbedded rock samples was
analysed. +e findings are summarized as follows:

(1) In the high-strength sample, HFs tend to propagate
to the upper part of the wellbore. +e greater the
strength is, the smaller the fracture height would be.
When HFs initiate in argillaceous siltstone, HFs tend
to penetrate BPs, and the dimensionless fracture
height is more than 0.74. When HFs initiate in

(a) (b)

Figure 10: Fracture geometry characteristics of samples with different interlayer thicknesses. (a) Sample #5. (b) Sample #6.

Figure 11: Fracture geometry under viscosity 3mPa·s.
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mudstone, the vertical propagation of HFs tends to
be terminated at the BPs, and fracture height is
constrained.

(2) +e greater the thickness of the interlayer is, the
more likely HFs tend to be terminated at the in-
terface of the interlayer, propagate along the inter-
face, and have a limited fracture height.

(3) With the increase of horizontal stress difference, the
geometry of HF tends to be simple and straight,
which is not conducive to the formation of branch
fractures.

(4) +e viscosity of fracturing fluid has a significant
impact on the HF propagation in the BP-developed
samples. Due to the high permeability of BP and the
low viscosity of fracturing fluid, the fluid filtration
occurs along the BPs, which is not conducive to the
vertical propagation of HFs. Increasing the viscosity
of fracturing fluid facilitates fractures penetrating
through the high-permeability BPs.

Data Availability

+e data that support the findings of this study are available
on request from the corresponding author. +e data are not
publicly available due to privacy or ethical restrictions.
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