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FRACTURE INTERFERENCE AND PROPAGATION GEOMETRY OF HYDRAULIC FRACTURES
BASED ON XFEM IN AN UNCONVENTIONAL OIL RESERVOIR

Unconventional oil and gas reservoirs are characterised by low porosity, low permeability and low
natural deliverability. At present, horizontal wells staged fracturing is an effective development method.
However, in the case of staged hydraulic fracturing in horizontal wells, stress interference occurs between
multiple fractures, leading to fracture deformation and even inhibiting the formation of fractures, thereby
affecting reservoir production. In this paper, based on the extended finite element method (XFEM), con-
sidering the fluid flow in the fracture and fracturing fluid filtration, we analyse the effects of fracturing
fluid pumping rate, fracture spacing and elastic modulus on horizontal in-situ stress, fracture parameters
and fracture extension pattern during different fracturing initiation processes. The results show that the
induced stress generated by the action of fracturing fluid changes the direction of horizontal in-situ stress
in the elliptical region around the fracture. In the mode of simultaneous fracture initiation (TFIS), the
extension of two symmetrical fractures is “repulsive”; in the mode of two fractures initiated at different
times (TFIDT), the extension direction is “mutual attraction”. A large pumping rate and small elastic
modulus are conducive to fracture propagation. In the TFIS mode, two fractures alternately expand, while
in the TFIDT mode, the impact of rock mechanical properties and construction parameters on fracture
propagation will be amplified. The extension of subsequent fractures will be restrained, especially when
the fracture spacing is less than 10 m. The width of the previously created fracture will be severely af-
fected, even causing a partial closure and becoming elongated fractures.

Keywords: hydraulic fracturing; fracture interference; XFEM; fracture propagation geometry; uncon-
ventional oil reservoir
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1. Introduction

With the rapid development of the economy, energy demand has increased sharply, making the
contradiction between supply and demand more prominent. Unconventional oil and gas resources
have gradually entered the view of scientists owing to their sizable resources [10]. However, it is
difficult to achieve economic and effective utilisation using conventional development technolo-
gies, owing to their low porosity-low permeability and low natural deliverability. The key to the
efficient development of unconventional oil and gas is currently horizontal well multi-fracturing
technology [1,9,12,17]. Several studies confirmed that unlike the symmetrical double fractures in
vertical hydraulic fracturing, staged hydraulic fracturing tends to form complex fracture networks
that include multiple fractures, resulting in greater reservoir volume and ultimately, higher produc-
tion. However, in the case of staged hydraulic fracturing in horizontal wells, there is often stress
interference between multiple fractures. Interference between fractures can cause deformation and
deflection, and even inhibit fracture generation, affecting the effectiveness of reservoir volume
improvement and ultimately impacting reservoir production [24]. Consequently, investigating
fracture interference and propagation geometry of horizontal well multi-fracturing is crucial.

Scholars’ research on fracture interference and propagation is mainly based on laboratory
physical experiments [13,26], analytical models and numerical models [18,20,22]. Among them,
the extended finite element method (XFEM), which combines the finite element theory with
fracture mechanics theory, has gradually received increasing attention because fracture can extend
along any path and solve cracking problems with a minimal grid. The method introduces a novel
enriched function to model discontinuities in the displacement field caused by cracks, which can
be achieved by introducing additional terms related to the enriched degrees of freedom without
any re-meshing process during a crack propagation [5,15,21,26]. Chen et al. [27]studied the ex-
tension model using xFEM, and verified the accuracy of this method. Zeng et al. [14]solved the
crack flow and the rock stress fields using FEM and xFEM and verified the correctness of XxFEM
in hydraulic fracturing. Youn et al. [4], Sepehri et al. [6] and Haddad et al. [9] established three-
dimensional hydraulic fracturing models through the XFEM method to analyse the propagation
law of hydraulic fractures in unconventional reservoirs. Sepehri et al. [6] and Wang et al. [23]
conducted the influence of perforation parameters and rock anisotropy on fracture propagation.
Sandeep et al. [16] combined XFEM with the freedom degree of pore pressure to simulate vari-
ous boundary issues related to hydraulic fracturing in permeable media and studied the effect of
geomechanical properties and construction parameters on hydraulic fracturing. Zhou et al. [18]
established a three-dimensional fracturing fracture propagation model through indoor physical
experiments and discrete element methods. They confirmed that bedding is one of the important
factors causing the anisotropy of shale mechanical properties, and studied the fracture propagation
patterns under different bedding strengths and fracturing engineering parameters. Zhang et al. [25]
compared commonly used fracturing simulation methods and analysed the impact of construc-
tion sequence on fracture morphology using XFEM. Rossana et al. [3] established a semicircular
bending test model based on XFEM, explored the formation and propagation of cracks in the
rock, and proposed a novel analytical formula to solve the response of materials in terms of load
crack mouth opening displacement. However, it is not entirely understood about stress changes
and interference between fractures in the process of dynamic propagation for multiple fractures,
especially fracture propagation under different initiation modes. This paper analyses the stress
changes between fractures in different initiation modes and their effects on fracture morphology
based on the XFEM method, considering fluid flow and fracturing fluid filtration in the fractures.
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2. Model description

2.1. The criterion of XFEM

For XFEM, the discontinuity of displacement is represented by the extension function
associated with the additional degrees of freedom so that the fracture propagation path is not
constrained by the mesh. The function of the displacement vector is as follows:
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Where m is the finite element node; N;(x) is the displacement function of an ordinary node;
u; is the displacement vector of a usual node; H(X) is the discontinuous jump function of the
crack surface; a;, b; is the extended degree of freedom vector for the node; F; (x) is the asymptotic
function of the stress at the crack tip.

The maximum principal stress criterion is adopted in this model, the function is as follows:
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Where 6,,, 1s the maximum principal stress, MPa; ¢',,,, is the maximum allowable principal
stress, MPa; (-) is the Macaulay parenthesis.

The BK criterion [11] is used for the damage evolution process after fracture initiation, as
follows:

Goouinn = G +(G _G)M’7 3)
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Where G, i the critical fracture energy release rate, N/'mm; Gc, Gyyc are fracture toughness
for Type I and Type II, respectively, N/'mm; G}, Gy, Gy are the fracture energy release rates of
normal, first tangential and second tangential respectively, N/mm; # is the work done by each
stress in the corresponding displacement direction, J.

2.2. Rock deformation equation

Itis universally acknowledged that rock deformation occurs during fracturing. The solid equi-
librium equation of rock can be obtained using the principle of virtual work, as shown in Eq. (4):

[odeav = [i*5vdS + [Fovay @)
14 N 4

Where ¥ is the unit volume, m>; o is the total stress of matrix, Pa; ¢ is the virtual strain rate, s

F is the volumetric force, N/m?; dv is the virtual velocity, m/s; S is the unit area, m%; t? is the
external surface force per unit area, N/m?.
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2.3. Flow equation

The fluid is assumed to be an incompressible Newton fluid, and fluid filtration is not con-
sidered. The continuity equation can be expressed by Eq. (5):

%{ jpwqﬁm}— [, pnv, ds (5)
Q S

Where Q is the integral space, m?; S is the space of integral surface, m%; p,, is the fluid density,
kg/m?; ¢ is porosity; n is the normal direction of the fracture external surface; v, is the flow
velocity, m/s.

Since Eq. (5) conforms to Darcy law:

1
= — K(V — 6
Yw dgp., ( Py ng) (6)

Where g is the gravitational acceleration, m/s>; Vp,, is the pressure gradient, Pa; K is the matrix
permeability, m’.

The fluid-solid coupling equation can be derived from Eq. (1) to Eq. (6).

2.4. Model setup and verification

A two-dimensional formation model with a dimension of 50 m X 50 m is established accord-
ing to X Block in Jiangsu Oilfield. As shown in Fig. 1, the boundary pressure is constant, and
the formation is isotropic without natural fractures. The X direction is the horizontal minimum
principal stress direction; the Y direction is the maximum horizontal in-situ stress direction, and
the vertical in-situ stress is loaded perpendicular to the plane direction. For a single fracture
model, the injection point is in the centre of the model, and the pre-existing perforated area is the
initial fracture; for the dual fractures model, the injection points are symmetrically distributed in
the centre of the model, and the pre-existing fractures are the same as above. The parameters of
the calculation model are shown in Table 1.

(a) single crack (b) two cracks

Fig. 1. Schematic of Model
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TABLE 1
The parameter of model
Parameters Value Parameters Value
Model size/m 50x50 Viscosity of fracturing fluid /mPa-s 1
Elastic modulus/GPa 25 Pumping rate of fracturing fluid /m> min™! 6
Poisson’s ratio 0.2 Initial pore pressure /MPa 40
Tensile strength/MPa 2 Maximum horizontal principal stresses/MPa 90
Permeability/10~ um? 2 Minimum horizontal principal stresses/MPa 83
Filtration coefficient/107'* m/Pa-s 1 Vertical principal stress/MPa 73

In order to validate XFEM simulation results, we established a two-dimensional fracture
propagation model containing three parallel cracks. The results of the XFEM method and labo-
ratory experiment [2] are shown in Fig. 2. When the fracture spacing is 30 mm, the propagation
of the intermediate fracture is constrained by the fractures on both sides, resulting in a shorter
propagation distance. Meanwhile, the fractures on both sides are “mutually repulsive” due to the
interference between fractures. Hence, the fracture trajectories simulated by the XFEM method
verify the laboratory results.
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(Vg 75%)

fracture

—"-'&"!
G

0.000000

|
y!
]

o -

(a) XFEM (b) laboratory experiment

Fig. 2. Comparison of fracture geometry between XFEM and laboratory experiment

3. Result and analysis

3.1. Influence of in-situ stress on fracture interference

3.1.1. Stress shadow effects

Fig. 3 shows the propagation pattern of two parallel fractures with a 5 m spacing, and the
fractures gradually extend as the injection time increases. Taking the borehole as the axis, the
stress field around the fracture and the deformation of the fracture are symmetrically distributed,
and the maximum and minimum principal stresses fluctuate violently, resulting in multiple stress
fields that inevitably affect the propagation of the fracture. The most obvious is that the fracture
propagation near the injection point is suppressed, with a wide middle and narrow end, and the
tip deflects under stress interference.
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Fig. 3. Stress shadow distribution and Fracture width variation of parallel fractures (a) minimum horizontal
principal stresses; (b) maximum horizontal principal stresses; (c) fracture width at 2.5s;
(d) fracture width at 5.0s

3.1.2. The influence of horizontal stress bias on fracture interference

When there is only one fracture, the horizontal stress bias increases, the fracture length
increases, and the width decreases. As shown in Table 2 and Fig. 4, for two fractures, when the
horizontal stress bias is 4 MPa or 7 MPa, the propagation and opening law of the cracks are
the same as those of a single crack. At 10 MPa, the two fractures maintain the same geometry
at the initial stage of fracturing. After extending to a certain length, the extension direction of
two symmetrical fractures is “mutually repulsive”. The left fracture width increases, the frac-
ture length changes slightly. In contrast, the width of right fracture decreases rapidly and the
fracture length increases rapidly, as shown in Fig. 4(c). This indicates that when the stress bias
increases to a certain value, the extension and opening law of the two fractures are different from
those of a single fracture. Combined with the analysis results of stress shadow effect as men-
tioned above, there are multiple stress fields at the tip of the two fractures, and the right fracture

TABLE 2
Fracture length and width under different horizontal stress bias
Single fracture Two fractures
Horizontal Fracture | Fracture | Left fracture | Left fracture | Right fracture | Right fracture
stress bias/MPa | length/m | width/mm length/m width/mm length/m width/mm
4 11 17.52 10 18.12 10 18.12
7 11 17.33 11 17.51 11 17.51
10 12 16.29 10 18.39 13 13.92
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is interfered by the left fracture, causing severe changes in the horizontal principal stress around
right fracture. The greater the horizontal stress bias, the more obvious the impact on the fracture
width, and the right fracture become more “long and narrow”.
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(a) 4 MPa (b) 7 MPa (c) 10 MPa

Fig. 4. Simulation diagram of parallel fracture widths under different horizontal stress bias

3.2. Influence of initiation modes and construction parameters
on fracture interference

The development of unconventional oil and gas reservoirs adopts long horizontal section
and segmented horizontal well fracturing. The fractures initiated at the same time are referred
to as TFIS mode, the fractures initiated at different times are called TFIDT mode. Due to the
mutual interference between fractures, different initiation modes have different effects on frac-
ture propagation. This part will discuss the influence of fracturing fluid pumping rate, fracture
spacing and elastic modulus on fracture propagation under different fracture initiation modes.

3.2.1. Two fractures initiated simultaneously (TFIS)

The simulation is conducted with initial fracture spacing of 10 m, an injection time is 8s,
and the two fractures are initiated at the same time. We appropriately change the influence factors
and refer to the values in Table | for other factors to analyse the influencing factors of fracture
propagation.

(1) The influence of fracturing fluid pumping rate

Fracturing fluid is used for fracture forming and proppant carrying. This is a key component
in the hydraulic fracturing process [7]. The pumping rate inevitably affects the fracture morphol-
ogy. In terms of the model in Fig. 1(b), different pumping rates (3 m*/min, 6 m*/min, 9 m*/min,
12 m*/min) are designed. The simulation results are given in Figs. 5-7. Fig. 5 illustrates that with
the increase in pumping rate, the width and length of fracture increase to a certain extent. When
the pumping rate is less than 6 m*/min, the change tendency of fracture length and width of the
two fractures remain consistent. When the pumping rate is larger than 6 m*/min, the propagation
geometries of the left and right fractures gradually tend to be different. The larger the pumping
rate, the greater the difference between the two fractures. Fig. 6 shows the fracture width and
net pressure curves at a pumping rate of 12 m*/min. Green represents the left fracture, red rep-
resents the right fracture, the solid line represents the net pressure in the fracture, and the dotted
line represents the fracture width. It indicates that the change trends of fracture width and net
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pressure are the same for each fracture. When the pumping rate is 12 m*/min, the fluid pressure
loading speed increases. With the extension of time, such as after 6S, the injected fluid will
increase the net pressure within the fracture, thereby affecting the formation pressure retaining
and breakdown effects and exacerbating fracture interference. In Fig. 6, the green dotted line is
higher than the red dotted line, and the green solid line is also higher than the red one, indicating
that the width of the left fracture increase, the net pressure in the fracture increases, and the right
fracture is squeezed, resulting in a decrease in the width of the right fracture and an increase in its
length. As the pressure in the left fracture slows down, the pressure in the right fracture increases,
and the width of the fracture increases, which in turn squeezes the left fracture. Under the effect
of stress interference, the left fracture width decreases, and the length increases. After a certain
period of time, the left and right fractures alternately open and extend, as depicted in Fig. 7.
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Fig. 5. Fracture width under different pumping rates in TFIS mode
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www.czasopisma.pan.pl P@N www.journals.pan.pl
309

PORPRES

(Avg: 75%)
110579440.0
101364480.0
92149528.0
82934576.0
73719624.0
64504668.0
55289716.0
46074764.0
36859812.0
27644860.0
18429906.0

9214953.0
0.0

(a) 6.3s (b) 8s

Fig. 7. Pore pressure at different times with a pumping rate 12 m*/min in TFIS mode

(2) The influence of fracture spacing

If the spacing between two fractures is different, the stress field between the fractures will
also be different, which affects the fracture propagation pattern. The fracture propagations under
different fracture spacing (5 m, 10 m, 15 m and 20 m) are simulated, and the results are shown in
Figs. 8,9 and Table 3. There are significant differences in the propagation of two fractures under
different spacing, especially for the small fracture spacing. In Fig. 8, the fracture width curves
with fracture spacing of 15 m and 20 m completely coincide, indicating that when the fracture
spacing is relatively far, the stress interference between fractures is small, and the fracture expan-
sion geometry is the same as that of a single fracture. When the fracture spacing is 5 m, the net
pressure within the fracture is small and the interference is weak at the initial stage of fracture
propagation, and the two fractures extend synchronously along the direction of the maximum
principal stress. With the net pressure increases, the two fractures interfere with each other, caus-
ing severe fluctuations in the stress field. Following the principle of energy conservation, the
fractures near the injection point are strongly constrained, and the inhibition effect of the fracture
tip is weakened. The direction of the maximum horizontal principal stresses on both sides of the
fracture deflects and appears in an elliptical shape, and the new maximum principal stress zone

0.026
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0.006 15m-right fracture
----- 20m-right fracture
0.002 L . A " L L s
1 2 3 4 5 6 7 8 9

time/s

Fig. 8. Fracture width under different fracture spacings in TFIS mode
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deviates from the original maximum principal stress direction. The smaller the fracture spacing,
the greater the repulsive deflection angle, as depicted in Fig. 9.

maximum horizontal principal stress

maximum horizontal principal stress

Shobone

2 n
2
i,

10 m

maximum horizontal principal stress

15m 20 m

Fig. 9. Maximum horizontal principal stresses with different fracture spacing in TFIS mode

TABLE 3
Fracture length and width under different fracture spacings in TFIS mode

Fracture Left fracture Left fracture Right fracture Right fracture
spacing/m length/m width/mm length/m width/mm

5 20 19.16 19 23.72

10 20 22.53 20 22.53

15 19 23.72 19 23.72

20 19 23.72 19 23.72

(3) The influence of elastic modulus

The elastic modulus is set to 10 GPa, 20 GPa, 30 GPa and 40 GPa respectively, the results
are shown in Figs. 10, 11 and Table 4. The elastic modulus increases with the decrease in frac-
ture width. When the elastic modulus is 10 GPa and 20 GPa, the fracture width curves to the
left and right fractures overlap. When the elastic modulus is greater than 20 GPa, as the injec-
tion time increases, the widths of the two fractures are different. The larger the elastic modulus,
the earlier the width gap occurs, and the left and right fractures open alternately, especially
when the elastic modulus is 40 GPa, as shown in Fig. 10. According to the results in Table 4, when
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the elastic modulus is small, it is easy to form a “short-wide” fracture. As the elastic modulus
increases, the two fractures gradually lengthen and narrow, opening alternately with mutual ex-
clusion (Fig. 11), indicating that a larger elastic modulus is conducive to the overall propagation
of the fracture. Because elastic modulus can measure the ability to resist elastic deformation,
a larger elastic modulus will cause greater elastic deformation stress. That is, a higher brittleness
index is conducive to the propagation of fractures.
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30GPa-right fracture
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=4
= 0.026
o
5 0022
°
0018
0014 | o T Wy
0.01
0.006 L
0.002 : : : . : - *
1 2 3 4 5 6 7 8 9

time/s

Fig. 10. Fracture width under different elastic modulus in TFIS mode
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Fig. 11. Pore pressure at different times with an elastic modulus 40 GPa in TFIS mode

TABLE 4
Fracture length and width under different elastic modulus in TFIS mode
Elastic modulus Left fracture Left fracture Right fracture Right fracture
/GPa length/m width/mm length/m width/mm
10 11 40.35 12 37.87
20 18 24.77 18 24.78
30 25 18.29 24 18.73
40 29 16.16 32 13.84
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3.2.2. Two fractures initiated at different times (TFIDT)

The initiation process of two fractures in TFIDT mode is as follows: one fracture initi-
ates first after the fracture propagation is completed, pumping is stopped for a period of time,
and then the second fracture is initiated. In this part, we adopt the datum in Table 2. The initial
fracture spacing is 10 m. The fracturing process can be divided into three stages: fracturing the
right fracture for 8s, stopping the pump to hold the pressure for 180s, and then fracturing the left
fracture for 8s at the same injection rate.

(1) The influence of fracturing fluid pumping rate

Refer to the first part of 3.2.1 to set the rock and fracture parameters. The simulation re-
sults are shown in Figs. 12 and 13. The changes in fracture geometry under different pumping
rates mainly occur in the first stage (1-9s) and the third stage (189-197s). In the first stage of
TFIDT mode, the right fracture width increases with the injection time, the width and length
of the left fracture gradually increase with the increase of injection time in the third stage and
the right fracture changes during the propagation of the left fracture. When the pumping rate is
3 m*/min, the width of the right fracture remains stable (a horizontal line). When the pumping
rate is 6 m*/min, the width of the right fracture performs stepped decline, and the time point of
decline is at 195S and 196S. Overall, the change in right fracture width is relatively small. When
the pumping rate is less than 6 m*/min, it is less affected by the “squeezing” of the left fracture
expansion. When the pumping rate is more than 6 m*/min, the influence of stress interference
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Fig. 12. Fracture width under different pumping rates in TFIDT mode (a) First stage of fracturing;
(b) The third stage of fracturing; (c) Fracture width and net pressure at 12 m*/min
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between fractures becomes larger. As the injection time increases, the upper and lower ends of
the left fracture deflect to the right, and the right fracture width decreases sharply. Especially at
12 m®/min, the decrease time of fracture width is earlier than that at 9m>/min, which means that
the larger the pumping rate, the stronger the influence of stress interference, and the fracture
width decreases to the preset width. According to the net pressure change (Fig. 12(c)), we can
conclude that when the pumping rate is 12 m*/min, after a certain injection time, the net pressure
in the left fracture increases instantaneously, and then gradually declines as the fracture expands,
resulting in a “squeezing effect” on the right fracture. Under the influence of stress interference,
the width of the right fracture shrinks, and the fracture length increases rapidly, exceeding the
left fracture to form a “long-narrow” geometry, as shown in Fig. 13.
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Fig. 13. Pore pressure at different times with a pumping rate 12 m*/min in TFIDT mode

(2) The influence of fracture spacing

Refer to 3.2.1 for rock and fracture parameters, and the simulation results are shown in
Figs. 14, 15 and Table 5. At the first stage of TFIDF mode, the width of the right fracture in-
creases with the increase of injection time. The width curves of the previously created fracture
verify each other, indicating that the previously created fracture is not affected by the spacing
(Fig. 14). However, in the third stage of TFIDF mode, with the increase of injection time, the
width and length of the left fracture gradually increase, while the width of the right fracture
decreases, especially when the fracture spacing is 5 m. As depicted in Fig. 15, when the fracture
spacing is 5 m, the right fracture is squeezed, the fracture near the wellbores is partially closed,
and a large amount of fluid in the fracture flows into both ends of the fracture so that the right
fracture continues to extend. Due to the closure property of the right fracture, the width of the
left fracture near wellbores is wider, and the length of the fracture is shorter than that of a single
fracture. The fracture deflects to the right under the influence of the maximum horizontal stress,
and the two fractures perform inter-attracting. As seen in Table 5, the larger the fracture spac-
ing, the larger the right fracture width, and the smaller the left fracture width changes. When
the fracture spacing increases from 5 m to 10 m, the fracture width increases from 10.72 mm
to 16.79 mm, and then the spacing continues to increase, with little change in fracture width.
When the fracture spacing increases from 15 m to 20 m, the fracture width increases by 1.5 mm.
It reveals that when the spacing is small, the right fracture will be squeezed by the stress from
the left, leading to a significant reduction in the width of the fracture and a significant increase
in its length, forming a “long-narrow” fracture. The greater the spacing, the smaller the fracture
interference, which is consistent with the influence law of fracture spacing in TFIS mode.
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TABLE 5
Fracture length and width under different fracture spacings in TFIDT mode
Fracture Left fracture Left fracture Right fracture Right fracture
spacing/m length/m width/mm length/m width/mm
5 9 24.29 25 10.72
10 19 24.73 24 16.79
15 18 25.45 22 19.42
20 19 24.35 19 20.92
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(3) The influence of elastic modulus

Referto 3.2.1 for rock and fracture parameters. The simulation results are shown in Figs. 16,
17 and Table 6. In the first stage of TFIDF mode, the width of the right fracture increases
with the increase of injection time, and the larger the elastic modulus, the smaller the fracture
width (Fig. 16(a)). In the third stage of TFIDF mode, as the injection time increases, the width
and length of the left fracture gradually increase, and the width of the right fracture also changes,
especially at an elasticity modulus of 40 GPa, the fracture width decreases as depicted in Fig. 16(b).
In general, the influence of elastic modulus on fracture propagation pattern is the same under the
two initiation modes. Nevertheless, in the TFIDT mode, the length of the left fracture is restrained,
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Fig. 16. Fracture width under different elastic modulus in TFIDT mode
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Fig. 17. Pore pressure at different times with an elastic modulus 40 GPa in TFIDT mode

TABLE 6
Fracture length and width under different elastic modulus in TFIDT mode
Elastic modulus Left fracture Left fracture Right fracture Right fracture
/GPa length/m width/mm length/m width/mm

10 11 41.10 12 35.71
20 17 27.43 22 18.34
30 22 21.88 29 12.89
40 29 19.04 32 7.98
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while the right fracture is further extended. Compared to the TFIS mode, the difference between
the left and right fracture widths of TFIDT mode is greater as the elastic modulus increases,
which shows that the influence of the elastic modulus on the fracture propagation pattern remains
unchanged, but the influence of the elastic modulus on the fracture propagation pattern will be
amplified in the TFIDT mode.

4. Conclusion

TFIS and TFIDT are different fracture initiation modes that may occur in the process
of horizontal wells staged fracturing. In this paper, the influences of pumping rate, fracture spac-
ing and elastic modulus on fracture propagation patterns are discussed. The conclusions are as
follows:

(1) Increasing the pumping rate will promote the propagation of the fracture. In TFIS mode,
two fractures extend alternately under the action of fracture interference. In TFIDT
mode, when the pumping rate is greater than 6 m*/min, a subsequent fracture will affect
the expansion of the previously created fracture, and an increase in pumping rate will
have a greater impact on the two fractures.

(2) With the increase of fracture spacing, interference between fractures is weakened. In
TFIS mode, when the fracture spacing is 5 m, the stress interference between the two
fractures intensifies. The fracture then deviates from the direction of the initial maxi-
mum principal stress, which is called “mutually repulsive”. In TFIDT mode, as the
subsequent fractures expand, the previous fractures are squeezed, the fractures near
wellbores are partially closed, the fracture width decreases, the fracture length increases,
and the subsequent fractures become shorter and wider. When the fracture spacing is
large, the previous fracture is wider. When the fracture spacing is smaller, the previous
fracture is longer and narrower, and the two fractures present “inter-attracting”.

(3) When the elastic modulus is small, a short and wide fracture is formed; when the elastic
modulus is large, a long and narrow fracture is formed. In TFIS mode, when the elastic
modulus is greater than 20 GPa, the left and right fractures expand alternately. In TFIDT
mode, the previous and subsequent fractures affect each other. The greater the elastic
modulus, the greater the difference between the left and right fracture widths, which
amplifies the influence of the elastic modulus on the fracture propagation geometry.
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