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Based on the analysis of the typical Ordos well groups, this study began with the accurate characterization of the fracture geometry
by adopting advanced laboratory experiment methods and monitoring techniques. Then, with the integration of fracture geometry
characterization and in situ stress distributions, fracture optimizations of the target wells were performed through numerical
simulations methods. Finally, this study established a sweet spot prediction and identification method for long horizontal shale
oil wells and constructed a set of optimization design methods for multistage hydraulic fracturing. This investigation revealed
that the hydraulic fractures in Chang-7 terrestrial shale oil reservoirs exhibited the belt pattern, and the primary fractures
generated the secondary fractures, which activated the natural fractures and induced shear failure. Macroscopic fractures were
found to be perpendicular to the direction of the minimum principal stress. Secondary fractures and activated natural fractures
were distributed around the primary fracture in the form of fracture types I and II. Multicluster perforation optimization
techniques, which were based on shale reservoir classification and evaluation, and aimed at activating multiclusters and
determining fracture sweet spots, were developed. These were successfully applied to the field operation and achieved
production enhancement performance.

1. Introduction

Ordos Basin Chang-7 shale oil specifically refers to the oil in
the 7th member of the Triassic Yanchang Formation, which
is generated and accumulated within the tight sandstone
and shale source rock without covering long migration dis-
tances [1]. Compared to other domestic shale oils in China,
Chang-7 shale oil has low pressure and poor reservoir prop-
erties; however, it also has low viscosity and shallow buried
depth. Compared to the Permian Basin shale oil, Chang-7
shale oil features low brittleness index, pressure gradient,
and undeveloped natural fractures [1, 2]. These characters
lead to drilling and stimulation challenges in the economic
and effective development of Chang-7 shale oil. Hydraulic
fracturing is the primary method to increase oil recovery of
shale reservoirs. The region filled with a complex fracture

network during hydraulic fracturing stimulation is created,
which is defined as the stimulated reservoir volume (SRV).
Research proves that the SRV area is the main contribution
of production in unconventional reservoirs [3]. The two
main challenges are the difficulties in maximizing the SRV
due to a low brittleness index and large horizontal stress
differences, along with the rapid production decline due to
low reservoir pressure. Therefore, it is essential to conduct
an investigation on multiscale fracture characterization and
fracture design optimization in order to promote efficient
oilfield development.

Large-scale laboratory experiment simulations of
hydraulic fracturing have played a vital role in understanding
the mechanism of complex fracture propagation and
simulating field operations [3]. As understanding the com-
plexity of hydraulic fractures is challenging [4, 5], laboratory
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experiments can be performed to better control the experi-
mental conditions, gradually understand the complexity of
artificial fractures, evaluate the effectiveness of fracture mon-
itoring methods, and provide a basis for guiding on-site
hydraulic fracturing. Methods of direct observation and indi-
rect study can be adopted to examine fracture propagations.
Direct observation mainly refers to study of the post-frac
core samples and fracture visualizations, such as PMMA
for direct observation of fracture propagation process [6,
7]. Indirect study is the indirect analysis of fracture char-
acteristics by detecting the signals generated during frac-
ture propagation, mainly including acoustic emission (AE)
and acoustic wave technology, CT scanning, DIC technology,
fiber optic measurement technology, and electromagnetic
signal monitoring [8]. Acoustic emission technology can
detect the acoustic signals of rock fractures, while acoustic
wave technology inverts the shape of fractures by actively
transmitting acoustic signals and then receiving the reflected
signals. Acoustic emission localization is a common method
to study acoustic emission activities of rocks, and it is also
the most developed method to monitor the fracture propaga-
tions [9, 10]. Acoustic waves were first applied to detect the
laboratory hydraulic fracture propagations by researchers
from the University of Delft, who also detected the fracture
tips, fluid edges, and fracture widths. However, this method
has limitations in field applications [11, 12]. Synchrotron
X-ray microtomography is applied to observe the three-
dimensional (3D) real-time fracture propagations and
investigate the effects of mircofractures, grain boundaries,
and pore sizes on fracture toughness and propagation direc-
tions [13]. AlTammar and Sharma employed DIC technol-
ogy to observe the displacement field changes around
fractures and changes in pore pressure field changes
caused by fracturing fluid filtration [14]. Because fiber
optic materials have the characteristics of antielectromag-
netic interference, antienvironmental noise, electrical
insulation, and robust safety performance, they have been
widely used in harsh environments for downhole measure-
ment, and they have also begun to be applied in hydraulic
fracturing monitoring [15, 16]. During hydraulic fracture
propagations, ions in the reservoir continue to dissolve
into the fracturing fluid to form a current and generate a
magnetic signal, which can reflect the propagation of the
fractures. However, due to the high detection accuracy
requirements of this technology, no field applications have
been carried out [17].

Accurate identification of sweet spots in shale reservoirs
is the basic prerequisite to improve the effect of shale reser-
voir stimulations. The classification and evaluation of engi-
neering sweet spots in the Ordos Basin is important for
guiding fracture stage selections for multistage fractures in
shale oil reservoirs. The determination of sweet spots is
closely related to rock brittleness, fracture toughness, natural
fractures, and in situ stress, which can be measured using
fracability and brittleness index. Chong et al. summarized
the hydraulic fractures in the Barnett shale in Texas and
defined fracability as the property that the reservoir can be
effectively fractured to obtain increased production capacity
[18]. Mullen and Enderlin posited that fracability is not only

associated with geomechanical properties and proposed the
complex fracability index model, which integrated rock
properties, geomechanics, fracture toughness, and natural
fractures into a single index [19]. The higher the complex
fracability index value, the easier it is to generate a complex
fracture network. Fang and Amro compared the fracability
of the terrestrial and marine shale, determining that the
fracability of the former is more complicated [20]. The
effects of the brittleness index, mineral content, natural
fracture, diagenesis, and sedimentation on fracability were
studied, and it was concluded that the fracability calcula-
tion methods should be further improved. Hu et al. [21]
examined the effect of confining pressure on shale compres-
sive strength, Young’s modulus, Poisson’s ratio, and number
of microcracks, introducing fracture toughness and establish-
ing a new brittleness calculation model [21]. Jin et al. [22]
integrated the critical energy release rate with the brittleness
and proposed a fracability index model, which provided a
reference for distinguishing the fracture target zone and
optimized horizontal well trajectory and perforation cluster
spacing [22]. Xu and Sonnenberg [23] described the geome-
chanical properties of the Bakken shale based on well logging
data, triaxial tests, rebound impact tests, and X-ray data, and
proposed a new mineralogy-based brittleness index and
proved the significant positive correlation between mineral-
ogy and the brittleness index model [23].

Combining shale oil reservoir engineering-based sweet
spot identification with geological sweet spot descriptions
to determine optimal fracturing programs is the current
trend of shale oil development [24]. Liu et al. [25] optimized
the multistage fracture spacing and perforation locations
based on the analysis of reservoir and engineering combined
sweet spots [25]. Wigger et al. [26] applied the similar
method and optimized the development plan for Eagle Ford
shale reservoir [26]. Brittleness index and fracability have
been extensively studied; however, the studied brittleness
index and fracability models are limited in applicability to
specific reservoirs.

In addition to laboratory experiments, fiber optic
materials were first used in this study to reflect fracture
propagation. Based on the specific fracture network, the
fracture optimizations of the target wells are performed
through numerical simulations methods. Finally, a suitable
method to determine the sweet spots and design the fracture
program is proposed to develop the shale oil reservoirs in the
Ordos Basin.

2. Laboratory Experimental Investigation

2.1. Experiment Equipment and Setup. This experimental
study used the High Temperature High Pressure (HTHP)
Fracture Simulation System, and 50MPa triaxial stresses
are applied to the 30 × 30 × 30 cm3 specimen under 100°C
(Figure 1).

The specimen is composed of 40–70 mesh quartz sand
mixed with composite Portland Cement in a 1 : 1 ratio. The
mechanical properties of the specimen are shown in Table 1.

Twelve AE sensors are placed on the four sides of the
specimen (Figure 2(a)) and fixed in the AE hole during the
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experiment (Figure 2(b)). The threshold of the AE analysis
system is set to 40 dB and the sampling frequency is
10MHz. The experiment simulated the open-hole multistage
fracture beginning from the toe, and the hole length is 15 cm.

2.2. Experiment Program. In order to study the acoustic emis-
sion distribution during fracture propagation, two stress
differences of 5MPa and 10MPa were set. The experiment
fluid is 2% guar fluid with a viscosity of 106 cp. The parame-
ters used in the experiment are listed in Table 2.

2.3. Fracture Network Characterization and Controlling
Factors. The specimens are cut off after the experiment to
observe the fracture geometry. As shown in Figure 3, the
red surface represents the fracture surface. Due to the stress
concentration at the bottom of the hole, the fracture propa-
gates along the inclined surface in an elliptical shape
(Figure 3(a)). As the stress difference increases, the fracture
surface becomes a plane fracture nearly perpendicular to
the minimum in situ stress (Figure 3(b)).

(a)

Acoustic emission
detector

Injection
tube

Oil water
separator

Fracturing fluid
pump

Pumps of three directions

PC

Flat jack

(b)

Figure 1: Schematics of (a) the HTHP fracture system and (b) the experiment setup.

Table 1: Mechanical properties of the artificial cement specimen.

Parameters Value

Fracture toughness (MPa
ffiffiffiffi

m
p

) 0.7

Uniaxial compressive strength (MPa) 27:98 ± 1
Tensile strength (MPa) 3:55 ± 0:2
Poisson’s ratio 0.17

Elastic modulus (GPa) 24.6
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The energy of the acoustic emission signal is divided into
three categories. Red represents the highest energy level of
the acoustic emission event, followed by blue, while the green
energy level is the smallest. The highest energy level repre-
sents the main fracture trajectory, as shown in Figure 4. A
large number of high-level and low-level acoustic emission
events are gathered around the primary fracture, indicating
the existence of secondary fractures around the primary
fracture. The width of the fracture generated in the lab
experiment is 8–10 cm.

As the stress difference increases, the number of acoustic
emission events decrease, and the acoustic emission events
are more dispersed, as shown in Figure 5. The increased
stress difference results in a single form of the fracture; hence,
acoustic emission is mainly distributed on the primary frac-
ture surface. Moreover, the fracture network is not formed,
i.e., the fracture zone is not obvious.

In order to analyze the microfracture morphology, the
fracture surface of specimen #1 was selected to undergo
scanning electron microscopy (Figure 6). When hydraulic
fractures extend to the grain particle boundary, fractures
tend to extend along the particle boundary, which lead to
fracture reorientation or generation of fracture branches.
This phenomenon is difficult to observe on the macrofrac-
ture surface. The generation of microfractures is in line
with the band-shaped distribution of acoustic emission
events, i.e., there are a large number of acoustic emission
signals around the primary fractures.

The band-distributed acoustic emission events and
microfracture distribution indicated the hydraulic fractures
as fracture zones with a certain width. According to the in
situ stress state and reservoir mechanical properties of
Chang-7 shale reservoir, the experiment results indicated
that the hydraulic fractures in Chang-7 reservoir would
follow a fractured band pattern, which is different from that
of the currently used multistage fracture models in the Ordos
Basin. In the band-shaped fractures, the primary fracture
generated the secondary fractures, which further activated
the natural fractures and induced shear failure. Macrofrac-
tures are perpendicular to the direction of the minimum
principal stress. Secondary fractures and activated natural
fractures are distributed around the primary fracture in the
form of type I and II failures.
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Figure 2: Schematic of the AE hydraulic fracturing system.

Table 2: Experimental parameters for water-based fracturing.

No. of
specimens

Fluid
σv − σH − σh

(MPa)
Rate

(mL/min)

1# Water +
guar

32-26-21
2

2# 32-26-16
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3. Investigation of 3D In Situ Stress and
Fracture Parameter Optimizations

3.1. 3D Reservoir Geomechanics. The magnitude and orienta-
tion of in situ stress have an important influence on the
design, implementation, and evaluation of hydraulic fractur-
ing. The 3D geomechanical modeling begins with the geolog-
ical model, integrates multiwell 1D geomechanical models
and adopts the 3D geomechanical workflow established
specifically for shale reservoirs. The finite element analysis
(VISAGE) was used to establish a three-dimensional geo-
mechanical model to more accurately determine the three-
dimensional spatial distribution of the geostress field. It
combined seismic, geological, well logging, core, imaging,
and 1D geomechanical models, comprehensively character-
ized by the reservoir heterogeneity, anisotropic stress field,
and other key 3D engineering parameters. This study selected
a rectangular area of 2680m × 5460m from X platform as the
research target.

3.1.1. 3D FEM Gridblocks. To avoid the interference of the
boundary effect on the simulation results of the reservoir
stress field, the geomechanical grid needs to be extended in
the horizontal direction, generally 2 to 3 times the plane size
of the geological model; in order to ensure the stability of the
FEM simulation, the extended gridblock of the underlaying
formation is basically consistent with the overlying forma-
tion. In addition to the extended grids, this study also added
the overlying rock layer, the underlying rock layer, and the
lateral rock layer, covering the range from the ground to a
depth of approximately 4200m. The total number of ele-
ments is 10.53 million, the horizontal accuracy of the target
layer grid is 20m, and the vertical accuracy is approximately

0.5m. The grid sizes of the overburden, underburden, and
lateral rock layers outside the reservoir site gradually transi-
tion to the coarse grid.

3.1.2. 3D Geomechanical Parameters. The well logging data
and 1D geomechanical data of 3 vertical wells and 12 hori-
zontal wells were used to perform 3D attribute interpolation.
First, the 3D model is interpolated to obtain the P-wave time
difference, S-wave time difference, and density attribute vol-
ume. On this basis, dynamic elastic parameters are calculated,
including dynamic Young’s modulus and dynamic Poisson’s
ratio, and static and dynamic transformations are performed
to obtain static elastic parameters. Rock strength parameters
were calculated according to the formula obtained in the 1D
geomechanical study, including uniaxial compressive strength
(UCS), tensile strength (TSTR), and internal friction angle
(FANG), as shown in Figure 7.

Figure 8 showed the comparison of 1D (red) and 3D
geomechanical parameters (colored), from left to right, as
Young’s modulus and Poisson’s ratio. It can be seen that
the 1D and 3D geomechanical parameters have good con-
sistency, thus verifying the reliability of the mechanical
parameters in the 3D model.

3.1.3. Boundary Conditions. The value of horizontal in situ
stress is mainly affected by overlying stress, pore pressure,
and tectonic events. The effect of overburden stress is
reflected in the model by the density and gravity of the over-
burden. The effect of pore pressure will be reflected by the
input 3D pore pressure attribute volume in the FEM simula-
tion. In the VISAGE simulation, the effect of tectonic events
is reflected as the boundary conditions using the structural
strain method (tectonic stress coefficient), which is used

(a) Specimen #1 (b) Specimen #2

Figure 3: Hydraulic fracture shape of the specimens.
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to apply rock deformation caused by tectonic action on
the boundary around the model. Similar to the 1D geome-
chanical model, the 3D model is based on long-term geo-
mechanical research experience in Longdong area and uses
0.00012 and 0.00242 as the tectonic strain values in the

direction of the minimum and maximum horizontal prin-
cipal stress, respectively.

3.1.4. Simulation Results of In Situ Stress. Figure 9 showed
the comparison of the 1D (black line) and 3D (colored) in
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Figure 4: Different views of AE localization of specimen #1.
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situ stress results for some horizontal wells. From left to
right, the overlying stress and the minimum and maxi-
mum horizontal principal stress are listed in order. It
can be seen that the 1D and 3D in situ stress models show
good consistency.

The 3D distribution of the X platform is shown in
Figure 10. The 3D in situ stress distribution has a significant
correlation with lithology. The stress of the mudstone layer is

high, and it is simple to control fracture propagation. The
minimum horizontal principal stress of sandstone is approx-
imately 32MPa and that of mudstone is approximately
40MPa.

3.2. Hydraulic Fracture Parameter Optimizations. Due to
the unique sedimentary characteristics of shale oil reser-
voirs in the Ordos Basin, the sand bodies exhibit strong
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Figure 5: Different views of the AE localization of specimen #2.
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heterogeneity and well-developed natural fractures. Twelve
horizontal wells are drilled on the X platform in the targeted
zones of Chang-71

2 and Chang-72
1 with a well spacing of

200–400m. Optimizations are conducted by considering
the following factors: post-frac production control, influ-
ences of natural fractures, stress shadow and cluster spacing,
stage length, well length, mudstone fracability, vertical stress
shielding fluid system, and fluid/proppant volumes. Based on
the previous research on the distribution of in situ stress, the
“stress shadow” effect is introduced into the research of
multicluster fracture initiation and expansion. This effect
more accurately characterizes the competition between
close-range hydraulic fracturing fractures.

3.2.1. Fracture Propagations under Different Cluster Spacing.
A 50m horizontal section with good petrophysical properties
are selected for well Y. The fracture propagations of cluster
spacings of 2.5m, 5m, 10m, 15m, and 20m are examined
under fixed fluid and proppant volume. The perforation loca-
tion and study results are shown in Figure 11.

Figure 11 shows that the smaller the cluster spacing,
the more obvious the stress interference between the frac-
tures, and the length of the fractures in some perforated
clusters is very limited, while some cannot even initiate
cracks. However, after the cluster spacing is increased,
the stress interference between perforated clusters becomes
significantly smaller, fracture extension is guaranteed, and
the length is increased. The simulated hydraulic fracture
geometric parameters are shown in Table 3.

3.2.2. Productions under Different Cluster Spacing. The
production forecast is conducted using the Petrel-IX simu-
lator based on the fracture simulation results (Figure 12).
It can be seen that as the fracture length increases, the pres-
sure drawdown area increases. The pressure drawdown area
further grows under increased number of fractures.

Under a fixed 400m well spacing, the 1-year, 3-year,
and 5-year cumulative production of different cluster spac-
ings are plotted in Figure 13, which revealed that a 5m
cluster spacing resulted in the highest cumulative produc-

tion, and hence, it is the optimum cluster spacing under
given conditions.

Under a fixed 200m well spacing, the 1-year, 3-year,
and 5-year cumulative production of different cluster spac-
ings are plotted in Figure 14, which revealed that the 5m
cluster spacing result in the highest cumulative production,
and hence, it is the optimum cluster spacing under given
conditions.

3.2.3. Stage Length and Number of Clusters. According to
previous global unconventional oil and gas development
experience, as the number of single-stage perforating clus-
ters increases, the percentage of perforations that do not
contribute to production increases. The perforation cluster
of 4, 5, and 6 will result in the average effective production
contribution clusters of 2.8, 3.8, and 3.1, respectively. In
general, when the perforation clusters are more than 5,
the effective perforation clusters are between 3 and 4 clus-
ters on average, and the number of effective perforation
clusters does not increase with the increase of the total
perforation clusters (Figure 15). Therefore, the number of
single-stage perforation clusters in Chang-7 shale reservoir
stimulation is suggested to be no more than 5.

4. Optimization Design Methods of Multistage
Fractures considering Engineering
Sweet Spots

4.1. Controlling Factors and Identification of Engineering
Sweet Spots. The purpose of the engineering sweet spot eval-
uation is to select the optimum horizon section for hydraulic
fracturing to achieve the optimal reservoir treatment. The
identification of the geology and engineering integrated
sweet spots in the Ordos Basin is conducted by fully utilizing
the well logging data for the basic parameters [16]; the flow-
chart is as follows:

(1) Basic well logging data interpretation, including mud
content, porosity, permeability, oil saturation, in situ
stress, and rock mechanical properties

(2) Identification of geological sweet spots by interpret-
ing mud content, porosity, permeability, and oil
saturation

(3) Identification of engineering sweet spots by analyzing
the minimum principle stress, brittleness index, and
other mechanical parameters

(4) Statistical study of the parameters of geological and
engineering sweet spots and establish classification
criteria

(5) Comprehensively evaluate the geological and engi-
neering sweet sport to determine the integrated sweet
spots for hydraulic fracturing

The integrated sweet spot identification is performed
based on the interpretation of logging and production data
of 213 oil wells, as shown in Table 4, wherein type I, II, and
III sweet spots are marked in red, yellow, and white,

Figure 6: Microfracture morphology under a scanning electron
microscope.
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respectively. The symbols Φe, So, σh, BI, and Sh represent
effective porosity, oil saturation, minimum horizontal stress,
brittleness index, and mud content, respectively. The identi-
fication method is applied to well Y, and the identification
results are shown in Figure 16.

4.2. Optimization of Perforation in Multistage Hydraulic
Fracturing. Perforation optimization is one of the major
factors in multistage hydraulic fracturing, and the key is
to achieve the optimum match for perforation and reser-
voir fracability. The perforation optimization requires a
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Figure 7: 3D mechanical properties in this study.
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reasonable design for cluster spacing, cluster location, and
number of holes, in order to ensure optimum reservoir
stimulation. The operators proposed a perforation design
specifically customized to the reservoir properties of
Chang-7 reservoir.

(1) Based on the integrated geological and engineering
sweet spot, the cluster spacing is differentiated. The
5–7m cluster spacing is designed for the type I sweet
spots, while the 8–12m cluster spacing is designed for
the type II sweet spots
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Figure 9: Comparison of the 1D (black line) and 3D (colored) in-situ stress results for some horizontal wells.
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(2) Considering the influence of mechanical properties
and in situ stress differences on the simultaneous
initiation of multicluster perforation, limited entry

perforation technology is used to achieve effective
initiation of multicluster fractures. Number 36–45
holes are placed in one cluster of perforation

Figure 10: 3D distribution of the X platform.
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Figure 11: Locations of perforations and the fracture geometries.
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The designing of a multi-cluster perforation scheme
begins with dividing the horizontal section into stages,
followed by the selection of the perforation methods. The
perforation locations are first determined by the examina-
tion of geological sweet spots, adjustment according to the
engineering sweet spots, and optimization of hole numbers.

A typical perforation optimization example of well Y is
shown in Figure 17.

5. Field Application and Result Evaluation

The proposed optimization method is applied to 174 wells,
which have an average lateral length of 1706m, divided into
22 stages with 94 clusters. The average fracture fluid volume

Table 3: Parameters of the hydraulic fracture geometries under different cluster spacings.

Cluster spacing (m) 2.5 5 10 15 20

Cluster number 15 8 4 3 2

Average half length (m) 33.8 67.1 113.6 146.0 217.5

Average fracture conductivity (md.m) 837 818 945 1041 1013
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Figure 12: Pressure drawdown under different cluster spacings.
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is 28294m3, pumping at 10–15m3/min, with proppant usage
at 3146m3. The fracture spacing is 5–15m, with a fracture
density of 7.8 fracture/100m. The most fractured stages are
48 with 248 clusters, and the highest fluid and proppant vol-
umes are 72000m3 and 12000 ton, respectively. Mircoseismic
monitoring indicated the minimized unstimulated reservoir
volume and that the reservoir is largely stimulated at more
than 90% SRV. The initial post-frac production increased
from 10 ton/day to 16.8 ton/day. The first-year cumulative
production reached 4680 ton, and the decline rate dropped
from 42.5% to 27.8%. The cumulative production in the

third year is estimated at 8766 ton. Horizontal wells with
a lateral length of 1500m and well spacing of 400m could
produce a EUR of 24000 ton/well with an investment
return rate of 9.11%.

6. Conclusion

(1) Band-shaped fractures are created in Chang-7 shale
oil reservoir stimulations. The primary fracture
generated the secondary fractures, which further acti-
vated the natural fractures and induced shear failure.
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Figure 15: Comparison of single-stage cluster and effective clusters in Marcellus, Haynesville, Eagleford, Fayetteville, Barnett, andWoodford
shales [27].

Table 4: Integrated sweet spot identification criteria.

Geological sweet spots
Nonreservoir

I II III

Engineering sweet spots

I

Φe ≥ 5%
So ≥ 70%

σh ≤ 30MPa
BI ≥ 50

3 ≤Φe < 5%
50 ≤ So < 70%
σh ≤ 30MPa

BI ≥ 50

Φe < 3%
So < 50%

σh ≤ 30MPa
BI ≥ 50

Sh > 40%II

Φe ≥ 5%
So ≥ 70%

30 < σh ≤ 34MPa
40 ≤ BI < 50

3 ≤Φe < 5%
50 ≤ So < 70%

30 < σh ≤ 34MPa
40 ≤ BI < 50

Φe < 3%
So < 50%

30 < σh ≤ 34MPa
40 ≤ BI < 50

III

Φe ≥ 5%
So ≥ 70%

σh > 34MPa
BI < 40

3 ≤Φe < 5%
50 ≤ So < 70%
σh > 34MPa

BI < 40

Φe < 3%
So < 50%

σh > 34MPa
BI < 40
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Macrofractures are perpendicular to the minimum
principal stress. Secondary fractures and activated
natural fractures are distributed around the primary
fracture in the form of type I and II failures

(2) The current fracturing design scheme for the efficient
development of Chang-7 reservoir has been formed
according to the fracture parameter optimization
and the design basis of shale oil reservoir treatment

(3) Based on the shale reservoir classification and evalu-
ation, this study established a multicluster perfora-
tion optimization technology for horizontal wells in
shale reservoirs with the goal of fully initiating multi-
ple clusters and fully utilizing the fracture sweet spots

(4) The proposed optimization methods are applied to
the field operations and great production enhance-
ments are achieved

Figure 16: Integrated sweet spot identification in well Y.

Figure 17: Perforation optimization example of well Y.
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