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Shale gas is an important unconventional energy resource that needs large-scale fracturing to form industrial deliverability. The
evaluation of reservoir fracability plays a key role in the optimization of the sweet spot, the design of multistage fracturing, and
the prediction of economic benefit. Based on volumetric fracturing, the study proceeded from the fracture complexity of the
fractured core, and the bursting pressure experiment technology using the constant strain rate method was established. After the
core has fractured, the fracture morphology was extracted and the fracture parameters including fracture area ratio and fracture
declination dispersion were calculated to construct the fracture complexity of the pressed core. Combined with the core
strength, the fracability index of the core was determined to evaluate the reservoir fracability. This method can represent not
only the fracturing effect but also the fracturing difficulty. Compared with the monitoring data of hydrofracture-induced
microseism of the sample well, the core fracturing index was found to be in good agreement with the actual fracturing effect.
This method is more reasonable than the traditional brittleness index method and rock mechanics parameter method.

1. Introduction

There are lots of shale gas resources in China.With the devel-
opment of shale gas exploration and evaluation, several
basins/areas with shale reservoirs in China (such as Fuling,
Changning, Weiyuan, and Yanchang) have been industrially
exploited, and they show promising prospects for explora-
tion. However, due to the characteristics of shale gas reser-
voirs such as low porosity, low permeability, and low
abundance, the single-well production rate is generally low
and declines rapidly. One of the key factors restricting the
recoverability of shale gas is the accurate prediction of the
fracability of shale oil and gas reservoirs. The concept of the
“brittleness index” introduced in shale gas development in
North America has become the most important parameter
in fracability evaluation of shale gas reservoirs. Different sub-
jects and fields have different understandings of brittleness,
so there is no widely accepted definition of brittleness and
accurate calculation method. In the field of earth science, it
is generally accepted that rocks show little or no plastic defor-
mation before bursting, and it is characterized by brittleness.

In the study of shale reservoir brittleness evaluation,
Jarvie et al. (2007) believed that the brittleness of reservoir
rock was the characteristic parameter of rock fracture ability,
which was the result of the comprehensive action of lithol-
ogy, mineral composition, effective stress, reservoir tempera-
ture, pressure, pore fluid property, and total organic carbon
[1]. Currently, the studies published for evaluating brittleness
are mainly based on rock mineral composition, elastic
parameters, and stress-strain tests. For the mineral composi-
tion method, Jarvie et al. (2007), Rickman et al. (2008), and
Huiyuan et al. (2019) believed that the higher the content
of brittle minerals in rocks, the more brittle the rocks would
be [1–4]. For the rock mechanics parameter method,
Rickman et al. (2008) and Goodway et al. (2010) believed that
the rock brittleness index was closely related to Young’s
modulus and Poisson’s ratio, and the brittleness would
become greater when the Young’s modulus gets larger and
the Poisson’s ratio gets smaller [3, 5]; Liu and Sun (2015)
and Bai (2016) considered that different minerals have differ-
ent brittleness, and they constructed a new elastic parameter,
i.e., brittleness factor, which could better explain the
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brittleness change in reservoir rocks [6, 7]. For the stress-
strain method, the stress-strain curve of the rock which
reflects the whole process of rock deformation, cracking,
and ultimate loss of bearing capacity under external load is
the most intuitive and effective method for qualitative evalu-
ation of rock brittleness [8–10]. Jin et al. (2014), Bishop
(1967), Tarasov and Potvin (2013), Munoz et al. (2016),
and Ge et al. (2020) constructed the evaluation models of res-
ervoir brittleness index based on their understandings of the
stress-strain curve [11–15].

Currently, the brittleness index calculated based on min-
eral composition and rock mechanics parameters is a com-
monly used brittleness evaluation method in fracturing
reconstruction. Despite the advantages in ease of use and
high parameter accessibility, their theoretical defects and
application limitations prevent them meeting the needs of
unconventional reservoir development [16–18]. On the other
side, the brittleness index characterized by the stress-strain
curve of rock galloped ahead in recent years. The stress-
strain curve theoretically illustrates a deformation-to-
destruction process of the rock under external force, each
part of the curve is of clear physical significance, but the
entire curve is not in comprehensive use. Thus, to build a
complete simplified model to describe an actually complex
stress-strain curve is one of the obstacles for its wide
application.

The existing methods of brittleness evaluation are gener-
ally based on certain properties of the rock itself. The brittle-
ness index was proposed by studying the influence of these
properties on the rock brittleness. However, it lacks quantita-
tive evaluation on the effect of brittle fracture. For fracturing,
the ultimate goal is to fracture the rock to form a complex
network and maximize the contact volume of the reservoir.
Therefore, from the perspective of the fracturing effect, a
quantitative description of the brittle fracture degree is
needed to study the relationship between fracture effect and
rock properties. The establishment of a rock brittleness index
for the quantitative description of the fracturing effect will be
a more useful method for unconventional reservoir brittle-
ness evaluation in the future. Based on rock volumetric frac-
turing, the fracturing difficulty and fracturing effect of the
rock were comprehensively considered, and the fracture
pressure test technology of the constant strain rate method
was established in this study. Through this experiment, the
fracture information of the fractured core was collected,
and the fracture complexity was calculated. After combining
them with the standard strength of the rock, a new core frac-
ability evaluation model was constructed and was applied in
the study area which has achieved satisfactory results.

2. Experimental Method

We tested the black shale of Wufeng-Longmaxi’s formation
of the upper Ordovician and lower Silurian in Sichuan basin
as the research target and carried out the fracability test
research of the mud shale reservoir based on volumetric frac-
turing. We established a new set of evaluation indexes of res-
ervoir fracability and provided new ideas and methods for

fracability evaluation of shale gas reservoirs. The instrument
used in this experiment was AutoLab 1500.

2.1. Experimental Samples. The samples selected in this study
were from the black shale of Wufeng-Longmaxi formation in
the Zhaotong area, Sichuan Basin, which is gray-black or
dark black in color. With the low-speed diamond linear cut-
ting technology, the core was processed into standard
plunger samples with a diameter of 2.5 cm and length of
about 4.8 cm. Finally, 16 samples which met the experimental
requirements were processed.

The results from X-ray diffraction analysis of 16 rock
samples from Wufeng-Longmaxi formation in the Zhaotong
area are shown in Table 1. The change characteristics of
lithology and mineral composition showed that the shale res-
ervoir of Wufeng-Longmaxi formation is highly heteroge-
neous in the longitudinal direction, and the total organic
matter content (TOC) ranges from 0.48 to 79% with average
of 2.73%. The average of brittle minerals (quartz, feldspar,
pyrite, and calcium carbonate) was found to be 57.9%, and
the average of clay was 27.8%.

3. Principle of the Rock Fracability
Measurement Based on
Volumetric Fracturing

3.1. The Experimental Scheme. First the triaxial compressive
experiment was performed to the core; the core was fractured
and followed by optical scanning or X-ray CT scanning, and
then the parameters of each fracture were collected and
extracted. Fracture area ratio (or fracture porosity) and dis-
crete degree of fracture inclination were calculated, and their
average was taken after normalization. This average was just
the fracture complexity of the fractured core. The higher the
fracture complexity and the lower the core strength, the eas-
ier the core is to be fractured. The strength of the rock can be
obtained by correcting the triaxial compressive strength to
eliminate the size effect. The ratio of fracture complexity to
rock strength after fracture is defined as the fracability index
of the rock. The rationality of this method can be verified by
the comparison between the core fracturing index and the
monitoring data of hydrofracture-induced microseism. The
key of this model is to use the constant strain rate method
to control the fracturing degree of the mud shale and the
accuracy of 2D and 3D fracture parameters extraction. The
specific research scheme is shown in Figure 1.

3.2. Triaxial Compression Test of the Constant Strain Rate
Method. Constant strain rate method is a common method
of the triaxial compression test. In this study, the core frac-
turing is needed to be controlled on the same degree. During
the fracturing experiment, the test confining pressure was
loaded to the effective pressure condition of the reservoir,
then the pressure front was controlled to drop at a constant
speed, and the axial pressure was kept increasing. After the
core fractured, the pressure front continued to drop at a uni-
form speed until the residual strength was confirmed, and
then, the pressure was stopped. The process of constant
strain rate method is shown in Figure 2.
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It can be seen from Figure 2 that the axial pressure
increased to the peak value at about 1000 s and then
decreased which indicating the rock sample to be broken.
After about 1150 seconds, the falling speed of axial pressure
decreased, and the curve gradually formed an inflection point
(of which the corresponding axial pressure is the residual
strength of the rock sample). After about 1180 seconds, the

inflection point was confirmed, then the falling of curve
was terminated, and the experiment was completed.

The 2D optical scanner and 3D CT scanner were used to
scan the core fractures after being pressed. The results of the
core fractures is shown in Figure 3(a) and 3(b).

4. Quantitative Evaluation Method of
Fracability of the Shale Oil Reservoir Core

4.1. Fracture Analysis of the Pressed Core

4.1.1. Morphology Analysis of the 2D Core Surface Fracture.
The lateral surface of the core can be roller scanned to obtain
the fracture distribution image. The fracture morphology can
be characterized by four parameters: fracture extension, frac-
ture penetration, fracture width, and fracture inclination
angle. The fracture extension is the length of the fracture
on the side surface. Fracture penetration is the depth of the
surface fracture entering into the core. The fracture width is
the opening degree of the fracture. The fracture inclination
angle is the angle between the fracture and the core axis.

Fractures can be divided into four levels based on the
fracture morphology of the core. The characteristics are
shown in Table 2. The fractures at all levels were manually
retraced, and the treatment effect of the fracture image on
the side surface is shown in Figure 4(a). The fracture extrac-
tion results of pressed cores are shown in Figure 4(b). The 2D
fracture images of the pressed core in the test are shown in
Figure 5.

After retracing the fractures, the length of each fracture
and the length and width of fracture inscribed rectangle were
extracted in pixels, which should be converted into the actual
length when applied. The calculation method is shown in for-
mula (1):

Triaxial compressive experiment of constant strain rate
method

Core fracability index calculation

Fracture information collection of the pressed core

Core
standard
strength

calculation

2D optical
scanning

3D X-ray CT
scanning

3D fracture
parameter
extraction

2D fracture
parameter
extraction

Fracture complexity calculation
of the pressed core

Figure 1: Technical flow of the shale fracability experiment analysis
method based on quantitative FRAC of the fractured core.

Table 1: Shale mineral composition characteristics of Wufeng-Longmaxi formation.

Sample Formation
Depth
(m)

TOC
(%)

Quartz
(%)

K-feldspar
(%)

Plagioclase
(%)

Calcite
(%)

Dolomite
(%)

Pyrite
(%)

Ankerite
(%)

Clay mineral
(%)

1 Longmaxi 1399.47 0.94 32.9 2.6 6.6 10.3 9.8 0.9 4.4 32.5

2 Longmaxi 1875.68 0.48 13.9 0 4.3 40.8 7.6 0.9 9.1 23.4

3 Longmaxi 1934.25 0.52 24.6 1.3 4.2 21.8 8.6 0.8 6.6 32.2

4 Longmaxi 2054.63 5.45 47 0 3.4 13 11.2 1.8 5.6 18

5 Longmaxi 2062.88 2.40 30.2 1 2.4 27.8 6 0 6.1 26.6

6 Longmaxi 2164.24 1.92 35.9 1 6.3 6.9 3.2 1.9 3.1 41.7

7 Longmaxi 2174.36 2.71 34 1.2 2.8 13.1 3.3 1.4 0 44.1

8 Longmaxi 2177.01 2.50 41.5 0 1.9 14.3 0 1.9 0 40.5

9 Wufeng 2200.92 7.79 47.1 0 6.6 7.6 5.8 1.8 4.5 26.6

10 Wufeng 2205.24 3.28 54.2 0 1.6 12.5 2.9 0 2.8 26

11 Wufeng 2285.55 2.81 25.3 1.1 2 28.3 19.3 2.6 13.3 8.2

12 Wufeng 2287.34 1.74 25.7 0.8 1.7 30.7 12.3 2.6 10.2 16

13 Baota 2293.97 0.90 20.1 1.7 5.8 26.6 1.9 0.9 4.2 38.7

14 Longmaxi 2507.35 — — — — — — — — —

15 Longmaxi 2508.57 — — — — — — — — —

16 Wufeng 2512.11 4.85 27.3 1 4.8 24.2 14.4 2.3 12.1 14
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Figure 2: Bursting pressure experiment process of the constant strain rate method.

(a) Side view of the 2D optical scanning (b) Fracture image of the 3D CT scanning

Figure 3: The 2D optical scan and the 3D CT scan of the shale samples.
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Table 2: Fracture classification table of the pressed core.

Level Name The main characteristics

Level I Main fracture The longest and widest extension runs through the core, most cores have only one main fracture.

Level II Secondary fracture
The extension and width are large, but the penetration degree is poor, and there are no symmetrical fractures

on the plane graph.

Level III Branch fracture
The extension and penetration are poor, but have a certain width; it is very obvious in the image. The

occurrence is not consistent with the main and secondary fracture.

Level IV Associated fracture Small fractures have low extension, penetration, and width.

(a) Original scan image (b) Fracture retrace image

Figure 4: Side surface fracture images of the pressed core.

Figure 5: 2D fracture images of the pressed core.
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li = lp ×
h
hp

, ð1Þ

where li is the actual length of the fracture i, in mm; lp is the
pixel length of the fracture, in pixel; h is the actual height of
the rock sample, in mm; hp is the pixel height of the rock
sample, in pixel. The calculation method of fracture inclina-
tion is shown in formula (2).

A = arctan H
W

: ð2Þ

In the formula, A is the crack inclination angle, the unit is
degree; H andW are the height and width of the fracture’s
inscribed rectangle, both units are in pixel. The fracture incli-
nation angle is calculated from formula (2), and the value of
A is between 0° and 90°.

4.1.2. X-CT Fracture Analysis of the 3D Pressed Core. Based
on real rock samples, digital core technology digitizes the
core through a series of image processing technologies and

numerical algorithms to construct a 3D digital core. In this
study, CT scanning images were used to construct digital
cores and quantitatively characterize fracture information
of shale cores before and after fracturing (Sinha 2006).

CT scanning images can be converted into a series of 2D
images of core cross-sections through the reconstruction
algorithm, and these images are combined to obtain the
three-dimensional gray image of the core. From these images,
3D digital core construction and fracture parameter extrac-
tion were carried out for the core as shown in Figure 6.

The characteristics of the fractures in the CT scanning
image are high grayscale, strong continuity, and a long and
narrow line or dendritic distribution. Therefore, the 3D
shape factor F can be used to describe the target morphology
[15, 16].

F = 36π
Vp
Sp

, ð3Þ

where F represents the sphericity factor of the target; Vp is
the target volume; Sp is the target surface area; when F

Figure 6: 3D fracture images after the core being pressed.
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approaches 1, the target shape is close to a sphere; when F
approaches 0 (F < 0:05), the target shape is planar in three-
dimensional space.

The crack has ductility in 3D space; thus, the shape and
ductility of the target can be characterized by the equivalent
sphere radius Req and the minimum external sphere radius
Rmin. Req refers to the sphere radius that equals the volume
of the target, which is only related to the target volume.
Rmin is closely related to the extensibility of the target in
space. When Rmin and Req of the target are close, the exten-
sion line of the equivalent sphere in all directions is similar.
On the contrary, when ðRmin/ReqÞ > 3, it indicates that the
extensibility only exists in a certain direction.

4.2. Calculation of Fracture Complexity after the Core Being
Pressed. After the size and inclination of each fracture were
obtained, the complexity of the fracture was studied. Regard-
less of two-dimensional or three-dimensional, the descrip-
tion of fracture complex degree should include two aspects:
one is the size of the fracture which should include the num-
ber of fractures and each size of the fracture (2D for the frac-
ture area, 3D for the fracture volume); another is the form of
the fracture, which can be described by fracture dispersion.
The higher the fracture dispersion, the closer the fracture gets
to the reticulation. Fracture size can be represented by sur-
face fracture rate (2D) or fracture porosity (3D), and the
complexity of fracture form can be represented by fracture
inclination dispersion.

Fracture area ratio is the ratio of the total area of all frac-
tures to the lateral surface area of the core.

Rf = 〠
n

i=1

li × bi
Sl

× 100, ð4Þ

where Rf is the fracture area ratio, dimensionless; li and bi are
the length and width of the fracture i, in mm; Sl is the lateral
surface area of the core and the unit is mm2.

Fracture porosity is the ratio of all fracture volumes in the
3D image divided by the total volume in the 3D reconstruc-
tion area of the core.

φf = 〠
n

i=1

Vi

V t
× 100, ð5Þ

where φf is the fracture porosity, dimensionless; Vi is the vol-
ume occupied by the space of fracture i in the 3D image; V t is
the total volume of 3D core reconstruction area.

The dispersion of fracture inclination angle is expressed
as the variance of all fracture inclination angles:

Da =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑n

i=1 Ai − �A
� �2
n

s
× 100, ð6Þ

where Da is the dispersion of fracture inclination angle, and
the unit is degree; �A is the average inclination angle; Ai is
the inclination angle of fracture i, both are in degrees.

Considering that the contribution of fractures in different
sizes to the formation of a fracture network is different, each
fracture and its corresponding inclination angle should be
weighted when calculating the fracture complexity.

Ai′= Ai ×
Si
Sf

two‐dimensionalð Þ,

Ai′= Ai ×
Vi

V f

three‐dimensionalð Þ,
ð7Þ

where Ai′ is the weighted inclination angle of fracture i; Ai is
the original inclination angle, and the units are both degrees;
Si (Vi) is the area (volume) of the fracture; and Sf (V f ) is the
average of all fracture areas (volume) of the rock sample.

In order to facilitate the comparison and subsequent
analysis of different rock samples, the fracture area ratio
(fracture porosity) and inclination dispersion are normal-
ized.

Rf n =
Rf − Rfmin

Rfmax
− Rfmin

two‐dimensionalð Þ,

φf n =
φf − φfmin

φfmax
− φfmin

three‐dimensionalð Þ,

Dan =
Da −Damin

Damax
−Damin

,

ð8Þ

where Rf n
(φf n

) and Dan
are normalized fracture area ratio

(fracture porosity) and inclination dispersion of the pressed
core after fracture analysis, which are dimensionless; the sub-
scripts max and min are maximum and minimum,
respectively.

The complexity of fractures of the pressed core is repre-
sented by the size and morphology of fractures. Therefore,
the average value of the normalized fracture area ratio (frac-
ture porosity) and the normalized fracture inclination disper-
sion can be used to characterize the fracture complexity:

Fc =
Rf − Rfmin

� �
/ Rfmax

− Rfmin

� �
+ Da −Damin

� �
/ Damax

−Damin

� �
2 two‐dimensionalð Þ,

Fc =
φf − φfmin

� �
/ φf max

− φf min

� �
+ Da −Damin

� �
/ Damax

−Damin

� �
2 three‐dimensionalð Þ,

ð9Þ

where Fc is the complexity of fracture after the core is
pressed.

The 2D and 3D fracture complexity of the pressed core
are shown in Table 3. We can see that there is a good corre-
lation between the fracture complexity of the 2D core press-
ing and the 3D core pressing.

The rock brittleness index and fracture complexity after
pressure were calculated by the mineral content method
and the rock elastic mechanics parameter method, respec-
tively. They were performed on samples no. 11 and no. 7.
The calculated results are shown in Table 4. It can be seen
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from Table 4 that the brittleness index of sample no. 11
calculated by the mineral content method is larger than that
of sample no. 7. The brittleness index of sample no. 11 calcu-
lated by the rock mechanics parameter method is slightly dif-
ferent than that of sample no. 7. Brittleness index of sample
no. 11 calculated by the fracability index method is smaller
than that of sample no. 7, and the difference is obvious. As
seen from the CT scanning before and after the core being
pressed, the fracture generated in sample no. 7 is more
complex than that of the core in sample no. 11, as shown in
Figures 7 and 8. The fracture effect is consistent with the
fracture complexity after the core being pressed.

4.3. Calculation of the Core Standard Strength. The fracturing
difficulty of the rock can be characterized by its compressive
strength, which is related to the sample size. In order to use
the peak pressure in the bursting pressure experiment of
the constant strain rate method to represent the fracturing
difficulty of the core, the effect of size should be eliminated.

In this study, half of the triaxial compressive strength
obtained in the bursting pressure experiment was taken as
the initial value of the standard compressive strength to
estimate the size impact coefficient and to correct the peak
pressure. The specific formula is

Ss = Si
h
d

� �− −0:085×ln Si/2ð Þ+0:5421½ �
: ð10Þ

where Ss is the standard strength of the core; Si is the peak
pressure in the bursting pressure experiment of the constant
strain rate method; h and d are the height and diameter of the
core, respectively.

4.4. Construction of the Core Fracability Index. For the full
characterization of mud shale reservoir core fracability, full
consideration of the fracture complexity, and standard
strength of the core, the core fracability index expression F
was presented.

F = f Fc, Ssð Þ, ð11Þ

where F, the core fracability index, is the comprehensive
reflection of the core fracability; Fc is the fracture complexity
after the core being pressed, representing the fracture net-
work complexity of the rock being pressed; Ss is the core stan-
dard strength, representing the force required to fracture the
rock; Biis the core brittleness coefficient, representing the
rock fracture opening speed and width after being pressed.

The higher the fracture complexity of the pressed core,
then the lower the standard strength, thus the better the core
fracability is. The fracability index F of the shale reservoir
core is defined as follows:

F = Fc
Ss

, ð12Þ

where Fc is the fracture complexity of the pressed core,
dimensionless; Ss is the standard compressive strength of
the core, in MPa; F is the fracability index of the core, in

Table 3: Comparison of the 2D and 3D fracture complexity analysis results after the core being pressed.

Test
no.

Normalized fracture
inclination dispersion

Normalized
fracture area

ratio

2D fracture
complexity

2D
fracability
index

Normalized
fracture
porosity

Normalized fracture
inclination dispersion

3D fracture
complexity

3D
fracability
index

1 45.3 55.2 50.3 32.8 36.6 13.7 25.1 17.7

2 12.5 55.6 34.1 24.3 24.8 32.9 28.9 11.1

3 50.9 58.6 54.7 30.8 23.5 44.0 33.7 14.9

4 53.4 55.5 54.5 35.5 25.9 34.8 30.4 17.9

5 48.2 58.4 53.3 29.2 16.0 46.9 31.4 14

6 58.8 58.3 58.6 27.8 70.0 27.0 48.5 12.9

7 54.9 75.7 65.3 27.3 56.3 32.5 44.4 14.3

8 34.5 58.2 46.4 30.7 10.0 33.8 21.9 18.8

9 67.8 76.3 72.1 29.9 17.2 46.5 31.9 17

10 75.1 60.7 67.9 39.6 24.9 32.5 28.7 18

11 50.7 56.1 53.4 25.5 8.7 42.6 25.7 13.8

12 69.4 44.3 56.8 22.3 16.5 32.8 24.7 11.4

13 65.4 48.3 56.8 21.9 4.7 45.7 25.2 10.7

14 54.2 43.7 49.0 18.9 2.1 40.5 21.3 8.7

15 13.3 46.0 29.7 13.4 3.9 29.7 16.8 6

16 85.5 41.6 63.6 34.5 2.9 19.0 10.9 17.1

Table 4: Comparison of brittleness index and fracture complexity
after the rock being pressed.

Sample number 11 7

Brittleness index of the mineral content method 60.9 41.3

Brittleness index of the Poison-Yang method 66.3 63.6

Fracture complexity after the core being pressed 10.9 33.7
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MPa-1, and the physical significance is the fracture complex-
ity generated from pressure 1MPa.

According to the fracture complexity of the pressed core
and the standard core strength test, the core fracability index

was obtained. The 2D core fracability index obtained from
the core testing was compared with the 3D fracability index,
as shown in Figure 9. The 2D core fracability index is corre-
lated with that of the 3D index. Thus, in the actual data pro-
cessing, the 2D core fracability index can represent the
evaluation effect of the reservoir fracturing.

5. Actual Data Processing

The core fracability index of the shale reservoir takes full
account of the fracturing effect and the fracturing difficulty.
The microseismic data can effectively verify its evaluation
effect.

Figure 10(a) shows the microseismic monitoring results
during the fracturing in the X well. In the figure, the vertical
coordinate is the depth direction, and the horizontal coordi-
nate is the east direction. Every point in the figure represents
a microseismic event, i.e., the generation of a fracture. The
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3D CT images after sample 11 being pressed.
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Figure 8: 3D CT images of sample 7 before being pressed and after being pressed. (a–d) 3D CT images of sample 7 before being pressed. (e–h)
3D CT images of sample 7 after being pressed.
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denser the point, the more fractures are generated in the
interval that indicates better fracability.

All the points in Figure 10(a) are projected onto the
vertical coordinate, indicating the microearthquakes detected
at each depth, and the statistical histogram (Figure 10(b)) is
performed with a step size of 10 meters. The statistics of
microearthquakes at different depths can be roughly seen.
As it is shown in Figure 10(b), the fracturing section of the
well X is between 1999m and 2114m. Two cores in the well
have been experimentally analyzed for their fracability
(shown in Table 5).

As it is shown in Table 5, the 2D and 3D fracability
indexes of cores 5 and 7 are relatively high, and there are a
large number of microearthquakes at the depths of these
cores. The core fracability index has a good correlation with
the number of microearthquakes. It means that the core anal-
ysis fracability index can indicate the formation fracability.

6. Conclusions

The evaluation of reservoir fracability plays a key role in
sweet spot optimization, multistage fracturing design, and
economic benefit prediction. In this study, the rock samples
were fractured through the triaxial compression test, and
the fracability of rock samples was characterized by the frac-
ability index which achieved excellent results. Conclusions
are drawn as follows:

(1) The traditional brittleness index method based on
mineral composition and rock mechanics parame-
ters cannot meet the developmental needs of the
unconventional reservoirs because it does not take

the influence of pore fluid, pore structure, reservoir
temperature, and pressure into account. The influ-
ence of dynamic and static elastic modulus difference
of rocks is also ignored

(2) Based on the fracture complexity after pressure
which is defined by the brittleness index proposed
in the shale gas development, a set of experimental
analysis methods was established, and the core frac-
ability index was proposed. This method represents
not only the fracturing effect but also the fracturing
difficulty. Comparing with the monitoring data of
hydrofracture-induced microseism of the sample
well, the core fracability index is in good agreement
with the actual fracturing effect. In addition, the core
fracability index method is more reasonable to char-
acterize reservoir fracturing compared with the tradi-
tional brittleness index method. Due to the high
correlation between the two-dimensional and the
three-dimensional core fracability index, it is enough
to use the two-dimensional core fracability index in
the actual data processing to represent the evaluation
of reservoir fracability

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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Figure 10: Modeling correctness verification using microseismic data.

Table 5: Information of the three rock samples from the well X and the results of fracability analysis.

Sample no. Depth (m) Lithology Standard strength (MPa) Fracability index (2D) Fracability index (3D)

7 2054.63 Ash black mud shale 278.3 21.1 21.8

5 2062.88 Ash black shale 200.6 21.6 25.4
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