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Permeability is one of the important factors that affect the production efficiency of coalbed methane, and it is mainly controlled by
in situ stress. Therefore, it is very essential to study the in situ stress and permeability for the extraction of coalbed methane. Based
on the injection/falloff well test and in situ stress measurement of 35 coalbed methane wells in the Liulin area in the east of the
Ordos basin, the correlations between initial reservoir pressure, in situ stress, lateral stress coefficient, permeability, and burial
depth were determined. Finally, the distribution characteristics of in situ stress and its influence on permeability were analyzed
systematically. The results show that with the increase of burial depth, the initial reservoir pressure and in situ stress both
increase, while the lateral stress coefficient decreases. The permeability variation is related to the type of stress field in different
burial depths, and its essence is the deformation and destruction of coal pore structures caused by stress. The distribution
characteristics of in situ stress at different depths and its effect on permeability are as follows: at depths < 800m, the horizontal
principal stress is dominant (σH ≥ σv > σh) and the permeability is a simple decreasing process with the increase of the depth; at
depths > 800m, the vertical stress is dominant (σv ≥ σH > σh). The permeability of most coal is very small due to the large in
situ stresses in this depth zone. However, because of the stress release at the syncline axis, coal with high permeability is still
possible at this depth zone. Due to the existence of high permeability data points at burial depth (>800m) and the fitting
relationship between permeability and vertical stress, the maximum and minimum horizontal principal stress is poor. However,
the coal permeability and lateral stress coefficient show a good negative exponential relationship. This indicates that the lateral
stress coefficient can be used to predict permeability better.

1. Introduction

In situ stress is a type of internal stress in the Earth’s crust,
which is mainly controlled by gravity and tectonic activity
[1–5]. Permeability is one of the important factors affecting
the efficiency of coalbed methane (CBM) production.
Because the porosity and permeability of coal seams are very

low, the commercial production capacity of coal seams can
only be improved through large-scale fracturing, and in
situ stress is the key factor affecting the effect of fracturing
[6–8]. In situ stress can also help predict permeability and
fluid flow in coalbed methane reservoirs [9–12]. The verti-
cal stress is relatively simple and is mainly affected by the
overlying rock mass. The horizontal principal stress is
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mainly influenced by tectonic activity and rock geological
activity, and it is much more complex because it is con-
stantly changing over time [13]. Clearly, it is an indispens-
able link for the extraction of coalbed methane to study
the in situ stress and permeability of coal seams [14–19].

The Ordos basin is located in the middle of the North
China Plate and has become the second largest coalbedmeth-
ane development base after the Qinshui Basin since the 1980s
[20–23]. Liulin area is located in the east of the Ordos basin.
Due to the advantages of many layers of coal, large thickness,
high gas content, simple geological structure, and moderate
burial depth, this area has attracted extensive attention of
coalbed methane geologists. In the 1990s, Liulin area was
even called “China’s San Juan” by geologists. Enron, Phillips,
ARCO, BP, Texaco, Lowell, PetroChina, and Sinopec have
successively conducted coalbed methane exploration in this
area. Liulin area has become a new highlight of typical

medium-size coalbed methane exploration and development
in China [24–26].

Up to now, little research has been carried out on the
geology of the coalbed methane field in the Liulin area. For
example, some of the specific studies include the following:
the porous characteristics of coal developed in different coal
facies have been studied [27]; the causes of abnormally high
pressure in the Carboniferous No. 8 coal reservoir were con-
sidered to be closely related to local hydrodynamic traps [24];
the characteristics of water production during coalbed meth-
ane extraction were studied by analyzing stable isotopes in
groundwater [28]; the coalbed methane preservation mecha-
nism was researched by analyzing coalbed methane geology,
hydrogeology, and experimental data [29]; and the migration
mechanism of coalbed methane was studied by analyzing the
evolution stage of coalbed methane [30]. However, in terms
of in situ stress and permeability, most scholars take the
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Figure 1: Location of the Liulin area: (a) locations of the Ordos basin in the China map; (b) general location of the eastern margin of the
Ordos basin in the tectonic division map; (c) specific locations of the CBM blocks and wells in the eastern margin of the Liulin area; (d)
composite stratigraphic column showing coal-bearing formations in the Liulin area.
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eastern part of the Ordos basin as the study area, and few
scholars have systematically studied the Liulin area [31–35].
Therefore, the distribution characteristics of in situ stress
and its influence on permeability in the Liulin area still need
more systematic study.

In this study, the correlations among parameters such as
in situ stress, permeability, and burial depth were determined
by statistical analysis and regression analysis using data from
35 coalbed methane wells in the Liulin area. Finally, the influ-
ence of in situ stress on the permeability of the coal reservoir
in the Liulin area is revealed, which provides a basis for the
reasonable exploration and development of coalbed methane
in this area.

2. Geological Setting

Liulin area is located in the west of Shanxi Province
(Figure 1(a)). The geographical coordinates are 110°44′00″
~110°53′00″ east longitude and 37°21′00″~37°31′00″ north
latitude. The east-west width of this area is approximately
10.5 km and the north-south length is approximately
18.5 km, covering an area of 194.4156 km2 (Figure 1(b)).

The structural position of the Liulin area is located in the
north-south tectonic belt from the east bank of the Yellow
River to the west slope of Lüliang Mountain. It is a mono-
clinic structure inclined to the west, and some secondary
folds are developed on the monoclinic structure. There are
few faults in this area and its structure is stable. Only in the
north of the area are two large normal faults in the south
and north of Jucaita and some small faults derived from them
(Figure 1(c)). The topography of this area is high in the east
and south and low in the west and north. The surface erosion
is serious, and the surface water system develops with the
topography. There are 14 coal seams in this area
(Figure 1(d)), and the main coal-bearing strata are the Shanxi
Formation and Taiyuan Formation, including 9 in the Tai-
yuan Formation and 5 in the Shanxi Formation [24, 36].
The main coal seams for coalbed methane extraction are

the No. 3 + 4 and No. 5 coal seams in the Shanxi Formation
and No. 8 + 9 coal seam in the Taiyuan Formation [26].
The Taiyuan Formation was affected by an epicontinental
sea and the coal seams were formed in a tidal flat environ-
ment after marine regression [37]. However, when the
Shanxi Formation was deposited, the environment evolved
to a prograded delta, and coal seams were formed on the
floodplain of the delta interdistributary area [6].

3. Methodology

3.1. Test Method. The calculation of in situ stress often
requires some parameters. To obtain these parameters, the
coalbed methane well test method is generally adopted [31,
33]. The basic principle of this test is that by changing the
pressure of the well, the equilibrium state of the fluid flow
in the reservoir will be broken. And a pressure disturbance
will be caused at the bottom of the well, which will continue
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to expand around the well over time until a new equilibrium
state is formed. Therefore, we use the test instrument to
record the change of bottom hole pressure with time; the
parameters we need can be obtained. This test mainly
includes two parts: the injection/falloff test and the multi-
cycle hydraulic fracturing method.

The process of the injection/falloff test is first to inject
water into the well with a constant rate and low injection
pressure (lower than the fracture pressure of coal). After a
period of time, a high pressure (higher than the original res-
ervoir pressure) distribution area will be generated around
the well, and then, the well is closed, allowing the pressure
to gradually balance with the original reservoir pressure.

During both the injection and shut-in periods, the change
of bottom hole pressure with time is recorded (Figure 2).
Finally, the data are analyzed by using the semilog (Horner)
and double-log linear analysis methods; the reservoir pres-
sure (Po), permeability (K), and other parameters of the coal
seam can be obtained [6, 38].

In situ stress is usually measured by the multicycle
hydraulic fracturing method [33, 39, 40]. The process of
hydraulic fracturing is briefly described as follows: in the ini-
tial stage of water injection, the fractures of target seams are
closed due to the small pressure in the fractures (less than
the fracture closure pressure), while the fractures are opened
when the pressure in them increases to greater than the

Table 1: Injection/falloff and in situ stress test parameters in the Liulin area.

Sample H (m) K (mD) T (°C) Po (MPa) Pc (MPa) Pf (MPa) σh (MPa) σH (MP) σv (MPa) λ

Well 1 479.32 0.83 23.61 4.39 8.82 9.42 8.82 13.45 12.94 0.86

Well 2 486.91 1.43 25.35 2.94 6.98 8.17 6.98 10.63 13.15 0.67

Well 3 488.00 0.03 24.57 3.62 11.04 12.12 11.04 18.17 13.18 1.11

Well 4 495.25 0.06 24.72 4.21 9.31 10.42 9.31 14.10 13.37 0.88

Well 5 539.50 1.92 26.55 4.82 6.50 7.75 6.50 7.73 14.57 0.49

Well 6 540.05 0.09 28.35 2.23 12.66 14.16 12.66 22.39 14.58 1.20

Well 7 553.66 0.16 28.60 5.07 13.24 13.67 13.24 21.78 14.95 1.17

Well 8 562.59 0.06 28.40 5.10 13.31 13.60 13.31 22.03 15.19 1.16

Well 9 564.80 0.64 N 2.58 8.19 9.19 8.19 13.60 15.25 0.71

Well 10 577.45 0.28 28.00 2.95 12.15 13.36 12.15 20.94 15.59 1.06

Well 11 584.35 0.08 26.80 4.94 15.00 15.11 15.00 25.75 15.78 1.29

Well 12 585.75 0.04 28.20 3.03 10.40 11.48 10.40 17.49 15.82 0.88

Well 13 611.26 0.12 29.30 5.43 16.01 17.56 16.01 25.84 16.50 1.27

Well 14 617.30 0.10 31.10 5.42 14.82 15.22 14.82 24.62 16.67 1.18

Well 15 620.74 N N N 17.73 18.99 17.73 29.54 16.76 1.41

Well 16 624.23 N N N 12.61 12.87 12.61 21.23 16.85 1.00

Well 17 671.55 0.26 28.75 5.41 13.00 13.60 13.00 20.79 18.13 0.93

Well 18 678.55 0.13 29.00 5.59 13.42 13.96 13.42 21.51 18.32 0.95

Well 19 698.76 0.06 30.10 6.29 14.38 15.22 14.38 22.43 18.87 0.98

Well 20 710.10 0.11 30.06 7.49 15.71 17.04 15.71 23.40 19.17 1.02

Well 21 719.54 0.06 30.71 6.82 16.47 17.16 16.47 26.23 19.43 1.10

Well 22 746.19 0.11 30.20 8.33 16.10 16.88 16.10 23.89 20.15 0.99

Well 23 759.33 0.26 28.70 6.58 13.43 11.33 13.43 23.18 20.50 0.89

Well 24 760.97 0.02 28.20 6.55 13.63 14.47 13.63 20.67 20.55 0.83

Well 25 760.97 0.18 30.50 8.41 15.67 16.81 15.67 22.59 20.55 0.93

Well 26 769.48 0.62 33.15 8.25 14.48 16.03 14.48 19.96 20.78 0.83

Well 27 817.16 N N N 14.73 18.42 14.73 18.09 22.06 0.74

Well 28 862.83 N N N 12.11 12.55 12.11 18.22 23.30 0.65

Well 29 871.96 1.70 27.76 6.43 13.65 14.22 13.65 21.10 23.54 0.74

Well 30 913.68 N N N 11.39 12.76 11.39 15.43 24.67 0.54

Well 31 965.15 0.07 35.90 8.90 17.72 18.05 17.72 27.01 26.06 0.86

Well 32 973.90 0.21 36.80 9.05 16.85 17.59 16.85 24.71 26.30 0.79

Well 33 1013.59 1.39 32.67 7.85 14.87 15.47 14.87 22.09 27.37 0.68

Well 34 1016.00 0.18 38.50 9.34 16.89 18.29 16.89 23.84 27.43 0.74

Well 35 1019.85 2.26 32.52 7.08 16.42 20.91 16.42 22.07 27.54 0.70
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closing pressure. At this point, the water injection will be
stopped, and the pressure in the fracture will gradually
decrease over time. By using the time square root method
to analyze the curve of the pressure changing with time, the
fracture pressure (Pf ) and closure pressure (Pc) can be fur-
ther obtained. To reduce the error, the above process is gen-
erally carried out in four cycles, and two or three cycles with
clear fracturing and closing effects were chosen for analysis
(Figure 3).

3.2. Calculation Method. The horizontal principal stress can
be calculated by using the parameters obtained from the
above tests, including reservoir pressure, closure pressure,
and fracture pressure. It is generally considered that the min-
imum horizontal principal stress is equivalent to the closure
pressure [41].

σh = Pc, ð1Þ

where σh is the minimum horizontal principal stress (MPa).
The maximum horizontal principal stress can be calcu-

lated as follows [42]:

σH = 3Pc − Po − Pf + T , ð2Þ

where σH is the maximum horizontal principal stress (MPa),
Pc is the closure pressure (MPa), Pf is the fracture pressure

(MPa), Po is the rock pore pressure (initial reservoir pres-
sure), and T is the tensile strength of the rock around the
borehole (MPa), and the value of T in this study is 0.8.

The vertical stress is equivalent to the gravity of the over-
lying rock and is proportional to the depth. Brown and Hock
collected 116 original in situ stress test data from all over the
world and analyzed the relationship between vertical stress
and depth as follows [1]:

σv = 0:027H, ð3Þ

where σv is the vertical stress (MPa) and H is the burial
depth (m).

4. Results

4.1. Results of In Situ Stress and Injection/Falloff Well Tests.
A total of 35 injection/falloff and in situ stress test data were
collected, and the data is plotted in Table 1. It can be seen
that at coal seam burial depths (H) 479.32-1019.85m
(average 704.59m), the initial reservoir pressure (Po) is
2.23-9.34MPa (average 5.84MPa) and the pressure gradient
(δo) is 0.10-0.98MPa/100m (average 0.73MPa/100m),
which represent an underpressured reservoir. The closure
pressure (Pc) is 6.50-17.73MPa (average 13.42MPa), and
the pressure gradient (δc) is 1.21-2.98MPa/100m (average
1.98MPa/100m). The coal seam fracture pressure (Pf ) is
7.75-20.91MPa (average 14.40MPa), and the pressure
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gradient (δf) is 1.40-3.38MPa/100m (average 2.12MPa/100m).
The coal reservoir temperature (T) is 23.61-38.50°C with an
average of 29.55°C (Figure 4). The permeability (K) of coal
reservoirs is 0.02-2.26mD (average 0.45mD), most of which
are less than 1mD. This indicates that the study area is
dominated by coal reservoirs with low permeability.

According to the above test results, the horizontal princi-
pal stress and vertical stress can be calculated by formulas (1),
(2), and (3), respectively. The minimum horizontal principal
stress (σh) is 6.50-17.73MPa with an average of 13.42MPa,
for which the stress gradient (εh) is 1.21-2.95MPa/100m
with a mean value of 2.0MPa/100m. The maximum hori-
zontal principal stress (σH) is 7.73-29.54MPa with an
average of 20.76MPa, and the stress gradient (εH) is 1.43-
4.76MPa/100m and averaged at 3.1MPa/100m. And the
vertical stress (σv) is 12.94-27.54MPa with an average of
19.02MPa (Figure 4). In general, the maximum horizontal
principal stress in the study area is dominant compared to
other stresses.

The results of in situ stress and injection/falloff well tests
were analyzed, and it was found that there was a significant
linear relationship between the initial reservoir pressure
and burial depth (Figure 5(b)). The closure pressure and frac-
ture pressure have a linear relation with burial depth, but the

squares of the two correlation coefficients are small (0.36 and
0.38, respectively) (Figures 5(a) and 5(c)). Besides, there is a
very obvious linear relationship between closure pressure
and fracture pressure (Figure 5(d)).

4.2. Principal Stress Variation with Depth. According to the
relationship between horizontal principal stress and vertical
stress, the stress field is usually divided into a static stress
field, dynamic field, and quasistatic stress field [6]. It is found
that in different depth zones, the variation trend of the three
in situ stresses is different, and the stress field also shows dif-
ferent results accordingly (Figure 6).

At depths < 800m, the three in situ stresses all increase
with the increase of burial depth, and compared with the
vertical stress, the maximum and minimum horizontal prin-
cipal stresses increase faster. The relationship of these three
in situ stresses in the coal reservoir is σH ≥ σv > σh, that is,
the type of stress field is a dynamic field, and the coal reser-
voir is under a state of extrusion from horizontal direction
at this time.

At depths > 800m, as the burial depth increases, the
maximum and minimum horizontal principal stress growth
rates decrease and gradually tend to be stable, while the ver-
tical stress still increases at the previous growth rate and
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becomes the dominant stress. The relationship of these three
in situ stresses in the coal reservoir is σv ≥ σH > σh, the type
of stress field has been transformed into a static stress field,
and the coal reservoir is no longer in a horizontal extrusion
state in this depth zone.

4.3. The Lateral Stress Coefficient with Depth. To quantita-
tively reveal the stress state at the specific burial depth, the
parameter of the lateral stress coefficient is introduced. Gen-
erally, the lateral stress coefficient is defined as the ratio of the
average horizontal principal stress to the vertical stress and is
expressed as

λ = σH + σh
2σv

, ð4Þ

where λ is the lateral stress coefficient.
Through calculation, it can be seen that the lateral stress

coefficient of the Liulin area ranges from 0.49 to 1.41, with
an average of 0.93. These values are between the Hoek–
Brown inner and outer in situ stress envelopes representing
the relationship between the ratio and the burial depth
worldwide and are close to the Chinese in situ stress envelope
(Figure 7). On the whole, the lateral stress coefficient in the
study area decreases with the increase of burial depth. How-
ever, the coefficient shows different characteristics in differ-
ent depth zones. At depths < 800m, this parameter is 0.49-

1.41, with an average of 1.03. Moreover, most values are
greater than 0.9, which further indicates that the horizon-
tal principal stress is dominant in this depth zone. At
depths > 800m, this parameter is relatively stable, with a
range of 0.54-0.86 and an average of 0.72. The value of
this parameter is less than 0.9, which further indicates that
the vertical stress is dominant in this depth zone. In gen-
eral, the variation trend of the lateral stress coefficient in
different depth zones also well reveals the change of stress
field from a dynamic field to a static stress field with the
increase of burial depth.

4.4. Permeability Variation with Depth. Reservoir permeabil-
ity is one of the key factors that determine coalbed meth-
ane productivity [33, 43]. The permeability includes matrix
permeability and fracture system permeability; the former
is almost negligible, and the latter is the main factor to
control the percolation conditions of the coal reservoir
[44]. Permeability is mainly affected by geological factors
such as stress field, burial depth, coal structure, and frac-
tures [5, 45].

With the increase of burial depth, the permeability shows
different characteristics in the two depth zones (Figure 8). At
depths < 800m, the permeability decreases with the increase
of burial depth, which is 0.02-1.92mD, with an average of
0.32mD. At depths > 800m, the average permeability of the
coal reservoir is 0.97mD, most of which are still very small,
while a few increase relative to the shallow part. Compared
with the variation of in situ stress with depth, the permeabil-
ity inflection points at various depths are consistent with the
transition points of the stress field types and states at the cor-
responding depths.

5. Discussions

5.1. Permeability Variation Characteristics under the
Influence of Stress Field. It is well known that permeability
is affected by in situ stress, so there must be a parameter
related to in situ stress, which has a good correlation with
permeability. To find this parameter, the minimum horizon-
tal principal stress, maximum horizontal principal stress,
vertical stress, and lateral stress coefficients were fitted to
the permeability (Figure 9).

It can be seen from the results that the relationship
between permeability and vertical stress is not obvious
(Figure 9(c)). And the permeability has a weak negative
exponential relationship with the maximum and minimum
horizontal principal stress, respectively (both squared cor-
relation coefficients are less than 0.3) (Figures 9(a) and
9(b)). It is worth mentioning that there is a good negative
exponential relationship between permeability and lateral
stress coefficient, and the squared correlation coefficients
between them can reach 0.6 (Figure 9(d)). This is because
the lateral stress coefficient combines the three in situ
stresses, and the size of this parameter represents the type
of stress field. The smaller the lateral stress coefficient is,
the more the stress field tends to the static stress field,
and the pores and fractures in coal reservoirs are more
likely to expand, resulting in higher permeability. The
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larger the lateral stress coefficient is, the more the stress
field tends to the dynamic field, and the pore and fractures
in the coal reservoir are seriously compressed, leading to a
smaller permeability. The fitting formula of permeability
and lateral stress coefficient is as follows:

k = 13:45e−λ/0:29 − 0:24: ð5Þ

However, it should be noted that the data points which
cause a poor correlation between permeability and in situ
stress have two common characteristics, that is, large
burial depth and high permeability (Figures 9(a)–9(c)).
To explore the causes of these deep high permeability data
points, the structural characteristics of high permeability
(K > 0:5mD) coal reservoirs are analyzed (Table 2). As
can be seen from Table 2, the three higher permeability
points located deep (well 29, well 33, and well 35) are all
located in the axial part of the syncline structure. There-
fore, this article believes that it is these special structures
that lead to the improvement of the permeability of deep
coal reservoirs. Usually, when the horizontal strata fold,
the strata tend to shorten and cause bending deformation.
If there is only a single and thick rock layer, the outer arc
of the rock layer will be stretched along the layer direc-
tion, while the inner arc will be compressed toward the
center direction. There is always a middle plane between
the two sides, which is neither stretched nor compressed.
As the outer arc is stretched, some fractures perpendicular
to the tensile stress tend to expand (Figure 10(a)). If the
rock layer is thin and there are multiple layers superim-
posed, each layer will slip along the layer during the fold-
ing process, which will often produce cracks between the
rock layers (Figure 10(b)). Both of the above situations
may lead to an increase of permeability.

5.2. Variation Model of Coal Reservoir Parameters in
Different Burial Depth Zones. Based on the above results, a
comprehensive analysis is carried out by establishing the var-
iation model of coal reservoir parameters in different depth
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Figure 7: Scatter diagrams of coefficient of lateral stress and burial depth: (a) relationship between the lateral stress coefficient and the Hoek–
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zones (Figure 11). It can be seen from this figure that the
curves of permeability and lateral stress coefficient with
depth have a good correlation. At the same time, the
permeability is affected by in situ stress and the coal seam
structure, and the influencing mechanism is different in
different depth zones.

At depths < 800m, the stress field of the coal reservoirs
at most locations shows a dynamic field. The permeability

is higher at the shallower locations, because the shallow
coal seam bears less stress from three directions, which
leads to the expansion of coal pores. On the other hand,
the horizontal principal stresses of these high permeability
coals are all less than the vertical stresses, indicating that
they are in a state of horizontal stretch, which causes the
cracks in the coal to expand more easily. The effects of
these two aspects will increase the permeability of the coal
seam. Subsequently, with the increase of burial depth, the
in situ stress of coal reservoirs increases rapidly, and the
maximum horizontal principal stress becomes dominant,
which causes the coal reservoir to be severely compressed
and its permeability to decrease rapidly.

At depths > 800m, the stress field of the coal reser-
voirs shows a static stress field. Because the in situ
stresses in the three directions are all relatively high, the
porosity and fracture of the coal seam are compressed
seriously, so that the coal reservoir permeability in this
depth zone is generally low. However, it should be noted
that at some special structural locations, such as the axis
of the syncline structure, it is still possible to increase the
permeability due to the influence of tectonic activity
(Figure 11).
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Figure 9: Scatter plot of permeability and some parameters.

Table 2: Statistical table of structural locations of data points with
high permeability.

Sample H (m) K (mD) Location

Well 1 479.32 0.83 No structure

Well 2 486.91 1.43 No structure

Well 5 539.50 1.92 No structure

Well 9 564.80 0.64 The wing of a syncline

Well 26 769.48 0.62 No structure

Well 29 871.96 1.70 The axis of a syncline

Well 33 1013.59 1.39 The axis of a syncline

Well 35 1019.85 2.26 The axis of a syncline
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6. Conclusions

(1) With the increase of burial depth, the closure pres-
sure, fracture pressure, and initial reservoir pressure
all increase gradually; there is a very obvious linear
relationship between the closure pressure and the
fracture pressure. In general, there are two in situ
stress states in the Liulin area. At depths < 800m,
the relationship of the three in situ stresses in the coal
reservoir is σH ≥ σv > σh. Compared with vertical
stress, the horizontal principal stresses increase fas-
ter; at depths > 800m, the relationship of the three
in situ stresses is transformed into σv ≥ σH > σh.
And with the increase of burial depth, the horizontal
principal stresses increase slowly and even become
stable gradually

(2) The variation of coal permeability is mainly
controlled by the influence of in situ stress on the
pore-fracture system. At depths < 800m, because
the in situ stress increases with the increase of burial
depth, the permeability is a simple decreasing process
with the increase of the depth. At depths > 800m, the
porosity and fracture of coal reservoirs are com-
pressed seriously due to the large in situ stress, result-
ing in the coal reservoir permeability in this depth
zone being generally low. However, it is still possible
to increase the permeability at some special structural
locations due to the influence of tectonic activity

(3) Under the influence of data points with a large burial
depth and high permeability, the fitting relationship
between permeability and the three in situ stresses

σv

Pores The middle surface
Inner arc

Outer arc

FractureFracture

(a)

Rock formation

Slip direction

(b)

Figure 10: Diagram of the formation process of syncline structure: (a) variation characteristics of a layer of rock when it bends; (b) variation
characteristics of multiple layers when they bend.
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is poor. There is a good negative exponential
relationship between permeability and the lateral
stress coefficient (the fitting formula is as follows:
k = 13:45e−λ/0:29 − 0:24); this is because the lateral
stress coefficient combines the three in situ stresses,
and the size of this parameter represents the type
of the stress field. This indicates that the lateral
stress coefficient can be used to predict the perme-
ability better
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