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Fracture effectiveness evaluation has an important impact on the efficient exploration and
development of ultra-deep fractured reservoirs. Based on the liquid production profile
results collected during the development of the Keshen gas field and based on the
traditional static evaluation of fracture density, opening and filling degree, the fracture
effectiveness evaluation of ultra-deep reservoirs is carried out from the perspectives of
fracture activity, fracture opening and fracture connectivity. The results show that the static
characteristics, such as fracture density and fracture properties, are only some factors that
determine the effectiveness of fractures. From the perspective of contributions to reservoir
permeability, dynamic parameters such as fracture activity, fracture opening and fracture
connectivity are the key factors in determining the effectiveness of fractures. Practice has
proven that fractures with a high shear ratio, low stress environment and high connection
with the fracture system around the well are the main seepage channels for oil and gas
supply in the development process. The research results provide a scientific basis for
well location deployment, optimization of reconstruction intervals and optimization of
development schemes.
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INTRODUCTION

In recent years, ultra-deep layers have gradually become the key field of oil and gas resource
development and the hotspot of exploration and development (Jia et al., 2014; Li et al., 2020).
According to the classification of oil and gas reservoir types in China, a burial depth of more than
4,500 m is generally defined as an ultra-deep layer, while an ultra-deep layer in western China
generally refers to a burial depth of more than 6,000 m (He et al., 2019). The Keshen gas field in the
Kuqa depression, Tarim Basin, is one of the typical ultra-deep oil and gas resource enrichment areas
in China. Exploration breakthroughs have been achieved in Keshen 2, Keshen 5 and Keshen 24. The
Cretaceous sandstone reservoirs of ks 2 and ks 5 are buried more than 6,000 m, and the reservoirs of
Keshen 9 and Keshen 21 are even more than 8,000 m, belonging to the category of typical ultra-deep
(Tian et al., 2020; Wang et al., 2021; Tian et al., 2021).

However, at this depth, the rock is in a very strong in situ stress environment (Xu et al., 2020), and
the horizontal principal stress and vertical principal stress exceed 200 MPa. Under the action of
strong compaction and compression, the diagenesis of reservoir rocks is strong, the porosity is low,
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approximately 2–7%, and the matrix permeability is as low as
0.01~1mD. Strong compression causes extremely developed
natural fractures in the formation, which greatly improves the
reservoir permeability and provides the main migration channel
for underground oil and gas (Tang et al., 2017; Shi C. et al., 2020;
Zhang et al., 2020; Wang et al., 2021).

At present, scholars have carried out research on the
mechanism of fracture genesis (Wang et al., 2018; Gong et al.,
2019; Yang et al., 2021), multiscale fracture division and
description (Liu C. et al., 2017; Liu et al., 2019; Espejel et al.,
2020), and quantitative prediction of structural fracture
parameters for ultra-deep fractures in the Kuqa depression
(Liu J. et al., 2017; Li et al., 2020; Lan et al., 2021). They
generally use parameters such as fracture density and fracture
opening to characterize the effectiveness of fractures (Ju et al.,
2020; Mao et al., 2020; Shi J. et al., 2020; Lv et al., 2021) and
believe that the parts with dense fracture development and large
openings in the high part of the anticline are conducive to the
high production of gas wells (Yang et al., 2016; Zhou et al., 2018).
However, the practice of the Tarim oilfield shows that the ultra-
deep reservoir in the Kuqa depression has strong heterogeneity
and great productivity differences between wells. The
conventional physical properties, fracture density and other
parameters cannot well reflect the reservoir quality and cannot
be generally considered the main controlling factor of high
production of oil and gas wells (Zhang et al., 2019; Wang J.
et al., 2021). In the anticline structure, the traditional well
location deployment mode of “along the long axis and

occupying the high point” also faces certain limitations in the
ultra-deep oil and gas exploration and development of the Kuqa
depression. How to define effective fractures, find favorable
reservoirs and realize efficient exploration and development
has become an urgent task.

To solve this problem, the key is to clarify the contribution of
different fractures to the reservoir seepage capacity and the control
effect on productivity under the background of ultra-deep complex
and strong in situ stress and reveal the main controlling factors of
high production of oil and gas wells. Therefore, based on the
production practice data and the research of traditional fracture
density and filling degree, the author carries out geomechanical
research, reveals the relationship between fractures and reservoir
and productivity, and puts forward the fracture effectiveness
evaluation method to support the efficient development of
ultra-deep oil and gas.

GEOLOGICAL SETTING

The Kuqa depression is located in the northern margin of the
Tarim Basin, adjacent to the Tianshan fold belt in the north and
the Tabei Uplift in the south. It is a Mesozoic Cenozoic
superimposed foreland basin developed on the basis of
Paleozoic passive continental margins, with a total area of
approximately 2.85 ha × 104 km2. It includes seven secondary
structural units: the Northern structural belt, Kelasu structural
belt, Qiulitage structural belt, Baicheng sag, Yangxia sag, Wushi

FIGURE 1 | Division of structural units and geological profile of the Kuqa Depression. (A) Kuqa depression is located in the north of Tarim Basin; (B) Kuqa
depression is divided into seven secondary structural units. Keshen gas field is located in the east of Kelasu structural belt; (C) Thrust imbricate structures are widely
developed in Kelasu structural belt.
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sag and southern slope belt (Figure 1). The Kuqa depression
began to develop in the late Hercynian period and experienced
many tectonic movements, such as the development period of the
paleoforeland basin in the Late Permian Triassic, the extension
depression period in the Jurassic Paleogene and the development
period of intracontinental foreland thrust in the Neogene
Quaternary (Li et al., 2017). Under the background of this
large deformation scale and complex structural evolution, the
Kuqa depression develops a large number of multistage
superimposed structural fractures. Fractures of different
degrees are developed in the Keshen gas reservoir, Bozi Dabei
gas reservoir, Dina gas reservoir in the Qiulitage structural belt,
mid-autumn gas field and Dibei tight gas reservoir in the
northern structural belt. The structural style of Keshen gas
field is a typical foreland thrust imbricate structure, which was
formed in the Mesozoic Yanshan movement and the Cenozoic
Himalayan movement. Several fault anticline natural gas
reservoirs such as Keshen 2, Keshen 8, Keshen 9 and Keshen
13 are developed from north to south (Figure 2), with a total
resource of more than 1.0 × 1012m ³ (Neng et al., 2013).

The strata in the study area are Quaternary, Neogene,
Paleogene and Cretaceous from top to bottom. The Neogene
is further divided into the Kuqa Formation (N2k), Kangcun
Formation (N1k)and Jidick Formation (N1j); the Suweiyi
Formation (E2-3s) and Kumgliem Group (E1-2km) developed
in the Paleogene, and the Kumgliem Group developed with an
extremely thick salt gypsum layer (the thickest is more than
5,800 m), which is a regional caprock. The Bashkiqike Formation
(K1bs), Brazil reorganization (K1bx) and shushanhe Formation
(K1s) developed in the Cretaceous. The main horizon of the
Keshen gas reservoir in the Kelasu structural belt is the
Bashijiqike Formation, which belongs to the sedimentary
background of the depression lake basin (Zhou et al., 2016). It
is dominated by massive sand and widely covers a very thick sand
body. The sedimentary facies belt in the Kelasu structural belt is
characterized by an east–west distribution and north–south
zoning. According to the lithology and lithologic combination
sequence, the strata of the Bashijiqike Formation can be further

divided into three members, namely, the Ba 1 member, Ba 2
member and Ba 3 member. Among them, the Ba 3 member
belongs to a fan delta sedimentary environment, the Ba 2 member
and Ba 1 member belong to a braided river delta sedimentary
environment, and the sand body types are mainly braided river
delta underwater distributary channel sand and estuary bar sand
(Pan et al., 2013; Zhang et al., 2015).

The rock intensity of the Bashijiqike Formation is mainly lithic
arkose, in which the content of quartz particles is 45–65.0%, the
content of feldspar particles is 20.0–35.0%, and the content of rock
cuttings is 14.0–30.0% (Han et al., 2009; Pan et al., 2014). The
miscellaneous base includes argillaceous and argillaceous iron, and
the cement is mainly calcite, dolomite and anhydrite. The clay
minerals are mainly the illite/montmorillonite mixed layer, illite
and chlorite. The clastic particles are moderately well sorted and sub
rounded. The particles are mainly in point and point line contact.
The rock components generally show the characteristics of medium
to high structural maturity. The reservoir space is dominated by
residual primary intergranular pores and intergranular dissolved
pores, followed by intragranular dissolved pores and micropores.

FRACTURE CHARACTERISTICS

The Cretaceous Bashijiqike Formation in the Keshen gas field is
strongly compressed by Himalayan tectonic movement, and the
fractures are mainly of structural origin. Affected by lithology, stress
neutral plane and other factors, the development characteristics of
structural fractures are quite different. From the perspective of
mechanical mechanisms, fractures can be divided into tensile
fractures and shear fractures, both of which are developed to
varying degrees. From the perspective of fracture occurrence,
fractures can be divided into vertical fractures, high-angle
fractures, low-angle fractures and horizontal fractures. Among
them, vertical fractures and high-angle fractures are mainly
developed, accounting for more than 70%, and a small number
of low-angle fractures and horizontal fractures account for less than
30%. There are many angles to describe the fracture development

FIGURE 2 | Structure map of Cretaceous in Keshen gas field.
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FIGURE 3 | (A)Well ks2, 6,048.73 m, several microfractures are appeared in thin section, (B)Well ks2, 6,049.56m, a series of microfractures in thin sections (C–D)
Well ks2, laser confocal and micron CT of well ks2 in the Keshen gas field.

FIGURE 4 | (A) Well ks242, K1bs, 6,451.5 m, Medium sandstone, it can be seen that high angle fracture and vertical fracture intersect obliquely; (B) Well ks24,
K1bs, 6,179.2 m, a medium high angle fracture filled with calcite; (C) Well ks8, K1bs, 6,737.5 m, opened high angle fractures; (D) Well ks8, K1bs, 6874 m, half-filled
vertical fracture.
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characteristics. This study describes the fracture development
characteristics of different scales from the perspective of the
fracture observation scale.

Microfracture Development Characteristics
Microfractures are mainly observed and studied by casting thin
sections, laser confocal microscopy and micron CT. Such
fractures are mainly distributed between particles. Sometimes
microfractures cutting through particles can be observed. The
fracture width is generally 1–100 μm, and the main body is
concentrated between 20 μm. The fracture length distribution
is unequal, between 1 and 10 mm. The fracture filling degree is
low, and the opening property is good. There are various fracture
forms, which are mainly affected by the composition and
distribution of clastic particles. Even the same microfracture
shows great differences in different positions. Some sections
show straight fractures, while others have a large bending
degree. On the whole, a large number of microfractures are
developed, which reflects the strong structural compression of
the reservoir to a certain extent (Figure 3).

Core Fracture Development Characteristics
Core-scale fractures are mainly observed and studied by
magnifying glass or the naked eye. Natural fractures often
have the following characteristics on the core: the fracture
surface is filled with minerals (Figure 4D), the fractures are
developed inside the core (Figure 4B,C), the directivity is
obvious, and the extension is long (Figures 4A,C,D);
However, the artificial fracture forms an irregular shape such
as ring on the core, which is mainly unloading fracture. It can be
seen that the core fractures shown in Figure 3 are natural
fractures. A large number of wells in the Keshen gas field have
collected core data, and most of them are high angle oblique or
vertical orthogonal tensile fractures or shear fractures, and some
of them can see the development of network fractures. The dip
angle of the fracture is between 60° and 90°, and a few low angle
fractures are developed. The fracture opening is greater than 0.1
mm, generally between 0.1 and 0.5 mm, and even greater than
5 mm. The fracture length is more than 5 cm, generally between 5
and 50 cm. The degree of fracture filling varies greatly, which can
be divided into full filling, partial filling and unfilled. Among
them, tensile fractures with large openings and early formation
generally have a high filling degree, and most of the filling
materials are calcite. The openings are relatively small, the
shear joints formed later are mostly semifilled or unfilled, and
the filling materials are mostly calcite. According to the cutting
relationship and filling degree of fractures, predecessors have
performed much research on fracture stages.

Imaging Fracture Development
Characteristics
Imaging scale fractures are mainly observed through acoustic and
electrical imaging logging. Imaging logging can provide
continuous borehole wall images of formations and help to
study the distribution relationship of vertical fractures and the
change in fracture occurrence. According to the imaging logging

data, the fractures in the Keshen gas field are mostly high-angle
oblique fractures, reticular fractures are developed in some strata,
and low-angle fractures and horizontal fractures are not
developed. The development characteristics of the fracture
strike vary greatly at different positions of the structure. In the
core area of the anticline structure, E-W tensile fractures along
the axis of the anticline are relatively developed, and NW-SE or
NE-SW shear fractures are mainly developed at a position far
from the core area of the anticline. The fracture width is between
0.1 and 2 mm, and the fracture length is between 0.5 and 20 m.
The fracture filling degree is similar to that observed in the core,
with a great difference. It can be divided into fully filled fractures,
partially filled fractures and unfilled fractures (Figure 5).

Fractures of different scales have different contributions to
reservoir permeability. Imaging fractures and core-scale fractures
have a direct contribution to reservoir permeability. The
influence of microfractures on reservoir permeability is still
unclear. According to previous studies, microfractures may
increase reservoir pore space.

EVALUATION METHOD OF FRACTURE
EFFECTIVENESS IN ULTRA-DEEP
RESERVOIR
Fracture effectiveness is the degree to which the fracture is open
under the condition of oil and gas reservoirs and can provide
effective circulation space for underground fluid flow. The
effectiveness evaluation of fractures is very important for
fractured reservoirs. Due to strong compaction, the porosity of
the ultra-deep reservoir (6,000–8,000m) in the Keshen area is only
4.0–8.0%, and the permeability is only 0.001 × 10–3 μm2~0.500 ×
10–3 μm2, but the well test permeability in this area is indeed as high
as 1 × 10−3μm2~100 × 10–3 μm2. Natural fractures provide the main
permeability channel of the reservoir. According to the statistics of
block development data, the average contribution rate of natural
fracture permeability to formation permeability is 99.08%.

Traditionally, qualitative or semiquantitative evaluation
methods have been established for fracture effectiveness
evaluation from the factors of fracture itself, such as fracture
density, fracture opening and fracture type, as well as external
factors, such as in situ stress and fracture filling degree. It is
considered that the filling degree, density and opening of
fractures have a great influence on the effectiveness of
fractures. However, according to the long-term development
data and industrial profile data, the real contribution interval
of formation fluid is inconsistent with the understanding of
fracture density, fracture opening and whether the fracture is
filled. For example, in well ks208 in the kes 2 well block, a large
number of natural fractures are developed in the target layer
(more than 100), but the test production is only 10 × 104 m3/d.
However, only a small number of natural fractures are developed
in the adjacent well ks228, but the test production is more than
30 × 104 m3/d. Similarly, according to the test results of the single-
well liquid profile, only a small number of natural fractures are
developed in the main production interval of well ks24-5 in the
keshen 24 block (Figure 6). A stratum with a large number of
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natural fractures is not the main gas supply interval or even the
seepage channel of underground fluid. It can be seen that fracture
effectiveness is related not only to fracture density, fracture
opening and other parameters but also to other control factors.

Therefore, based on the understanding of traditional fracture
effectiveness evaluation and combined with the long-term
development performance data of the ultra-deep gas field, the
author innovates to carry out fracture effectiveness evaluation
research from three aspects: fracture activity, fracture opening
and fracture connectivity.

Fracture Activity
Fracture activity refers to the ability of natural fractures to shear
slip under the action of in situ stress, which is usually used as the
shear stress acting on the fracture surface τ and the effective
normal stress on the fracture surface σ expressed as the ratio of n.
The flow of oil, gas and other fluids in fractures is largely affected
by the in situ stress state. Under the action of underground three-
dimensional stress, the stress state of fractures with different
occurrences is different. The stress acting on the natural fracture
surface can be decomposed into the shear stress parallel to the
fracture surface τ and the effective normal stress of the vertical
fracture surface σn. The greater the angle between the natural
fracture surface and the maximum horizontal principal stress is,
the smaller the shear stress and the greater the effective normal
stress; that is, the ratio of the τ/σn is low, the fracture tends to be
stable. When the angle between the natural fracture surface and
the maximum horizontal principal stress is smaller, the shear
stress is larger, and the effective normal stress is smaller; that is,
the ratio of the τ/σ is high, the fracture tends to shear slip. The
fracture in the critical sliding state has better seepage ability, and
the shear deformation activity ability of the fracture surface can

be regarded as one of the symbols to judge the high-quality
fracture.

Based on the productivity test data of fractured reservoirs, the
stress of natural fractures is obviously related to productivity.
Figure 7 shows the statistics of the fracture shear ratio and gas
well production of more than 20 wells in the Keshen gas field. It
can be found that the fracture shear ratio is positively related to
gas well production. The research shows that the contribution of
fracture activity to gas well productivity is even more important
than its development degree (Zhang et al., 2019).

Fracture Opening
The natural productivity of ultra-deep fractured reservoirs is low
and cannot meet the development needs. Reservoir
reconstruction is often needed to meet the needs of efficient
development. However, the minimum horizontal principal stress
of the 6,000～8,000 m reservoir exceeds 140 MPa, and the
reservoir fracture pressure is very high. At present, the
engineering construction conditions have difficulty meeting
the conditions for the formation of hydraulic fractures in the
fractured reservoir matrix. The fracturing transformation of
ultra-deep reservoirs is more likely to open natural fractures,
connect wellbore fractures with the natural fracture network of
the reservoir around the well, and form a dominant seepage
channel to increase the productivity of oil and gas wells.
Therefore, the development of fractures is conducive to
reducing the difficulty of fracturing transformation. The
opening pressure of natural fractures is very important for
ultra-deep hydraulic fracturing and is an important index to
measure the effectiveness of fractures.

When the fracture surface is closed, the normal stress of the
section decreases due to the increase in pore pressure at the fracture

FIGURE 5 | (A)Well ks204, 6,530 ~ 6,532 m, network fractures; (B)Well ks803, 6,820 ~6,821.5 m, a group of parallel fractures; (C)Well ks24, 6,442 ~6,445 m,
Several medium and low angle fractures.
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surface, and the fracture surface may change from closed to open.
The pressure when it changes to open is called the opening
pressure. Theoretically, under the condition of complete
elasticity, when the fluid pressure is greater than the principal
stress on the joint surface, the joint surface can open and become a
channel for dredging. In fact, due to the deformation characteristics
of the rock stratum itself, even under the above conditions, the joint
surface is not necessarily open, and the joint surface can be opened
only by overcoming the deformation strength of the rock.
According to the factors affecting the original stress state of
natural fractures in the reservoir, the opening pressure of
natural fractures can be calculated by the following methods
(Zhu et al., 2016):

Pi � ( μ

1 − μ
Hρsg sin θ +Hρsg cos θ − αHρwg) × 10−6

+Hfσ1 sin θ sin β +Hfσ3 sin θ cos β

where μ is the Poisson’s ratio of rock; H is the buried depth of the
fracture, m; θ is the fracture dip angle, (°); α is the formation
pressure coefficient; ρs is the rock density, kg/m3; ρw is the
specific gravity of water, kg/m3; g is the acceleration of
gravity, N/kg; fσ1, fσ3 is the current maximum stress and
minimum stress gradient, MPa/m; β is the included angle
between the natural fracture strike and the current maximum
principal stress orientation, (°).

FIGURE 6 | The liquid production profile of well ks24-5; The first trace in the figure is the stratum, the KTH in the second trace is the de uranium gamma, the fifth
trace is the formation resistivity measurement results of different radial depths, m, and the sixth trace is the current in-situ stress, in which Shmin is the current minimum
horizontal principal stress, MPa; Shmax is the current maximum horizontal principal stress, MPa; Sv is the vertical stress, MPa, the eighth channel is the perforation
position, and the ninth channel is the contribution ratio of oil and gas production of each formation,%.
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According to the Formula, the influencing factors of the natural
fracture opening pressure mainly include the fracture burial depth,
fracture dip angle and strike, formation fluid pressure and current
in situ stress orientation and size. The deeper the fracture is buried,
the greater the stress on the fracture, the smaller the fracture dip
angle, the smaller the formation fluid pressure, the greater
the included angle between the fracture strike and the azimuth
of the maximum principal stress, and the greater the opening
pressure of the fracture; in contrast, the smaller the fracture
opening pressure is (Figure 8).

The natural fractures in the ultra-deep reservoir of the
Keshen gas field are buried deep (6,000–8,000 m), the

original field stress is large (the minimum horizontal
principal stress is greater than 140 MPa), and the fracture
opening pressure is large. However, due to the high formation
fluid pressure (greater than 100 MPa), the included angle
between the natural fracture strike and the maximum
principal stress azimuth is generally small, and the fracture
activity is good, which reduces the fracture opening pressure to
a certain extent. Therefore, in the process of optimizing the
production well section and perforated interval, it is very
important to select natural fractures with developed natural
fractures and low opening pressure for ultra-deep reservoir
reconstruction.

FIGURE 7 | The relationship between fracture activity and open flow, the horizontal axis is fracture activity, and the vertical axis is open flow of gas well.

FIGURE 8 | (A) is the statistical diagram of the included angle between the natural fracture strike and the current maximum principal stress azimuth of the stratum at
different depths of well ks504. It can be seen from the figure that the included angle between the natural fracture strike and the current maximum principal stress azimuth
of the well is widely distributed, with a large number of development at 0–90 °. (B) is the opening pressure distribution diagram of natural fractures with different included
angles in well ks 504 calculated according to the above opening pressure calculation method. It can be seen from the figure that the variation range of fracture
opening pressure is 1.94–2.52MPa/100 m, among which the opening pressure of natural fractures with an included angle of 28.8 ° is the lowest, which is 1.94MPa/
100 m (the depth of fracture development formation is 6,733 m, and the opening pressure is 128 MPa), The maximum opening pressure of natural fractures with an
included angle of 87.5 ° is 2.52MPa/100 m (the depth of fracture development formation is 6741m, and the opening pressure is 166.6 MPa).

Frontiers in Earth Science | www.frontiersin.org April 2022 | Volume 10 | Article 8834798

Wang et al. Fracture Effectiveness Evaluation

https://www.frontiersin.org/journals/earth-science
www.frontiersin.org
https://www.frontiersin.org/journals/earth-science#articles


FIGURE 9 |Geomechanical column and fracturing curve of Well ks10X. (A) is one-dimensional geomechanics and fracture development profile of well ks10x. Only
two natural fractures are developed in 7200-7310m section; Eight natural fractures are developed in the 7310-7400m section. The overall stress of the shaft is high, and
the minimum horizontal principal stress exceeds 140 MPa. From the perforation position, four natural fractures are developed at 7263-7320 m of the first fracturing
section; However, natural fractures are not developed in the 7203-7239.5 m perforated interval of the second fracturing section. (B) is the fracturing construction
curve of 7263-7320 m formation, (C) is the fracturing construction curve of 7203-7239.5 m formation.
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Figure 9 shows the in situ stress profile of well ks10X and the
fracturing operation curve of the two layers. The fracture of the
Shiji Formation is concentrated at the top of the Shiji
Formation, and the fracture of the Qiji Formation is not
obvious. In Brazil, a certain number of fractures are
developed in the first section. From the fracturing curve of
7,263.00–7,320.00 m in the first section, it can be seen that with
the increase in stage fluid volume, the oil pressure increases,
and then there is an obvious decrease in oil pressure, indicating
that the formation has been pressed open by high-pressure
fluid. Then, with the increase in the stage fluid volume, the oil
pressure keeps increasing, and there is an obvious decrease in
the oil pressure. This cycle shows that the fracture is constantly
formed and expanded; in contrast, the fracturing curve of
7,203.00–7,239.50 in the second section shows that with the
increase in the stage fluid volume, the oil pressure gradually
increases and does not decrease. It is still the same after several
cycles, indicating that the formation has not been pressed open
and has not been successfully fractured. This shows that under
the current construction conditions, there are difficulties
caused by ultra-deep fracturing, which is another major
factor restricting high production.

Fracture Connectivity
Fracture connectivity refers to the connectivity and dredging
ability of wellbore fractures and natural fracture networks around
wells. The development of natural fractures in the Keshen

ultra-deep reservoir has the characteristics of strong
heterogeneity and strong anisotropy. High yield can be obtained
only when the borehole meets the natural fracture network or
establishes an effective channel between the wellbore fracture
and the natural fracture network around the well through
hydraulic fracturing. Therefore, developing the connectivity
between wellbore fractures and peripheral fractures is also the
key factor to measure the effectiveness of fractures.

There are two flow processes in gas well production, that is, gas
flows from fracture to wellbore and from matrix to fracture. The
degree of fracture development and activity determine the flow of
gas from the fracture to the wellbore. Reservoir fracturing has
enhanced the flow of fluid from the matrix to the fracture to a
certain extent through engineering means. However, the scale
and communication ability of wellbore periwellbore matrix
fracture systems are prerequisites for determining the high and
stable production of gas wells.

A geomechanical prediction method of near wellbore fractures
with structural sedimentary constraints is established according
to the characteristics of the reservoir over depth and overpressure,
strong transverse stress and unavailable seismic data in the
Keshen gas field (Figure 10). First, the fine sedimentary
microfacies model is used to optimize the near wellbore rock
mechanics parameter model, and the correlation between
thickness and width is established by using the quantitative
statistical microfacies geometric parameters. Combined with
the distribution direction of sedimentary microfacies, a near

FIGURE 10 | The diagram of well ks19 fracture connectivity prediction. (A) is the natural fracture development profile at the wellbore position of ks19, (B) is the
prediction diagram of natural fracture development 50 m around the wellbore; (C) is the prediction diagram of natural fracture development 100 m around the wellbore;
(D) It is the prediction diagram of natural fracture development 150 m around the wellbore.
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wellbore sedimentary microfacies model is established. Second,
the fracture parameters are improved according to the fracture
development mode, and a more reasonable fracture density
model formula is established. The principal stress difference/
compressive strength in the block is compared with the fractured
wells in different fault blocks, and the appropriate empirical
values in different blocks are summarized. Finally, combined
with the correlation between fracture opening and length, a
reasonable near wellbore natural fracture model is established.
Using the near wellbore fine sedimentary microfacies model to
restrict the geomechanical modeling of fractures, the three-
dimensional spatial prediction accuracy of near wellbore
fractures is improved, and the connectivity evaluation method
between wellbore fractures and periwellbore fractures is
established.

COUNTERMEASURES AND PRACTICE

Drilling or constructing an effective fracture system is the key
factor for gas wells in the Keshen gas field to achieve high
production. The fracture effectiveness evaluation method
obtained based on the research makes up for the traditional
effectiveness evaluation method based on static parameters
such as fracture density and fracture opening, and in well
location deployment, well trajectory optimization,
completion and reservoir testing section optimization,
perforation interval optimization and even development
scheme optimization are widely used. Five principles are
comprehensively considered in the optimization of high-
efficiency well points: ① relatively developed fractures; ②

the area where the minimum principal stress is relatively low;
③ far away from the large fracture that may connect the edge
and bottom water; ④ the area where the angle distribution
between the fracture strike and the direction of horizontal
maximum principal stress is relatively small; and ⑤ the wells
are arranged in relatively high parts to enhance the water
avoidance ability. Figure 11 is the prediction diagram of the
natural fracture effectiveness of the ks 19–21 structure. Red
indicates high natural fracture effectiveness, and blue
indicates low natural fracture effectiveness. According to
the distribution law of natural fracture effectiveness, the
deployment of the ks 20 and ks 31 wells is optimized.

CONCLUSION

The fracture effectiveness evaluation method based on fracture
activity, fracture opening pressure and fracture connectivity
effectively complements the traditional methods based on
static parameters such as fracture density and fracture
opening, improves the accuracy of natural fracture
effectiveness evaluation, and is applied in well location
deployment and well trajectory optimization. It is widely used
in the optimization of well completion reconstruction schemes
and development schemes.

① The production performance data reveal that only the stratum
with low stress, natural fracture development and small
azimuth angle between the natural fracture and maximum
principal stress is the main supply channel of underground oil
and gas.

FIGURE 11 | Effectiveness prediction of natural fractures in keshen19-Keshen21 structure.
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② The fracture effectiveness evaluation method based on
dynamic parameters such as fracture activity, fracture
opening pressure and fracture connectivity is more
consistent with the production practice results.

③ The well location, well trajectory optimization and
reconstruction scheme optimization established based on
fracture effectiveness evaluation improve the proportion of
high-efficiency wells.
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