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In recent years, infill horizontal well technology has been used to develop oil

and gas in the remaining oil areas of unconventional low-permeability

reservoirs. However, the initial fractures in parent wells will affect the

hydraulic fractures formed by fracturing infilling horizontal wells. The

interaction mechanisms between initial fractures and artificial fractures in

infill horizontal wells are still unclear. Combined with the boundary element

method and the maximum circumferential tensile stress criterion, a numerical

model of hydraulic fracturing that can simulate the evolution of fracture

trajectory and stress field was established. The analytical solution of the

hydraulic fracture-induced stress field was used to verify the accuracy of the

model. Using this model, propagation of hydraulic fractures in infill horizontal

wells under different conditions was analyzed. Simulation results show that

both the fracture spacing and well spacing have a significant impact on the

propagation trajectory of hydraulic fractures in infill horizontal wells. The

shorter the fracture spacing and well spacing is, the stronger the inter-

fracture stress interference between the initial fractures and hydraulic

fractures is. Reasonable fracture spacing and well spacing can enhance the

induced stress field and form a complex fracture network in the reservoir. Too

small well spacing may cause artificial fractures to communicate with initial

fractures, thereby reducing hydraulic fracturing efficiency and limiting the

stimulation volume of the reservoir.
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1 Introduction

With the large-scale development of unconventional low-permeability oil and gas

reservoirs, staged fracturing technology for horizontal wells has become one of the main

reservoir stimulation technologies at present (Wang et al., 2021; Zhou et al., 2020). It is of

great significance to study the fracture initiation and propagation law of volume fracturing

in horizontal wells and analyze the interaction between hydraulic fractures and natural
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fractures for predicting the fracture network shape and

optimizing the design of hydraulic fracturing construction plans.

Numerical simulation methods such as finite element,

boundary element and discrete element are widely used to

simulate and study the initiation and propagation process of

hydraulic fracturing. Lam et al. considered the plane strain multi-

fracture problem and proposed a method to study the effect of

the interaction between micro-fractures on the stress intensity

factor (Lam and Phua, 1991). The results show that different

micro-fracture positions and directions determine the

enhancement or shielding of the fracture interaction on the

stress intensity factor effect. Wu et al. established a numerical

model for simulating complex fracture propagation (Wu et al.,

2012). Their study found that when there are multiple branched

fractures, the fractures can expand at the same time, and there is a

cross phenomenon during the expansion process, and the stress

shadow area will have a significant impact on the fracture width.

Kresse et al. established a method to calculate the stress shadow

area around the fracture based on the displacement discontinuity

method, and simulated the influence of the stress shadow area

generated by the hydraulic fracture in the previous stage on the

extension trajectory of the new fracture (Kresse et al., 2012).

Huang et al. predicted the interaction between hydraulic

fractures and natural fractures in complex environments

through geomechanical simulation (Huang et al., 2014). The

study found that natural fractures were reactivated to form

complex and high-yield fracture networks after fracturing. He

et al. established a three-dimensional horizontal well model, and

found that hydraulic fracturing will form wide and short vertical

fractures under the influence of in-situ stress of normal faults,

and slender turning fractures will be formed under the influence

of in-situ stress of reverse faults (He et al., 2015). Ding et al.

established an embedded discrete fracture model for shale and

tight oil reservoirs with multiple natural fractures (Ding et al.,

2018). This model improves the shortcomings of the traditional

dual-porosity medium model and can deal with multiphase flow

problems with long-term fracture interaction. Wu et al. studied

how the inter-well interference phenomenon occurred in two

horizontal wells, and analyzed the fracture propagation and stress

field change process of the horizontal wells (Wu et al., 2018). The

research results showed that fracture propagation is controlled by

stress field and fluid pressure in fractures, and inter-well

interference was caused by fracture interaction, and staggered

arrangement can be used to prevent fracture communication.

Heng et al. established a simulation model for the interaction

between natural fractures and hydraulic fractures based on the

XFEM method, and quantitatively analyzed the fracture

deflection angle (Zheng et al., 2020). The results showed that

the smaller the deflection angle of natural fractures, the smaller

the horizontal stress difference and the greater the degree of

fracture opening. Duan et al. used the discrete element method to

evaluate the fracture trajectory and fracturing effect of two

horizontal wells (Duan et al., 2021). The study found that the

local stress state was changed after the fracture initiation, so that

the fractures were redirected and dominant fractures appeared.

Yao et al. established a discrete element model of methane

hydrate-bearing sediments (MHBSs), and based on the model,

they analyzed the fracture propagation behavior of hydraulic

fracturing under fluid-solid coupling (Yao et al., 2021). The

results showed that the saturation of hydrate directly affects

fractures initiation and propagation behavior. Yang et al.

simulated and analyzed the fracture propagation of two wells

with simultaneous fracturing based on discrete element method

(Yang et al., 2021). The study found that the increase of injection

FIGURE 1
Discontinuity of constant displacement of fracture surface.

FIGURE 2
Stress and displacement components of the boundary
element of the curved fracture segment.
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rate and the decrease of principal stress difference are conducive

to the formation of fracture network. The stress shadow effect

between two wellbore easily induces hydraulic fracture

migration.

The true triaxial simulation experiment of indoor hydraulic

fracturing is an important means to study fracture propagation.

Bieniawski et al. studied the fracture of specimens under different

loading conditions and shapes, and established the brittle

fracture mechanism of rock in tension and compression

(Bieniawski, 1967). Lorenz et al. found through experiments

that low confining pressure and brittle rock were favorable

conditions for fracturing, and the stress difference required for

regional fracture initiation and extension was much lower than

that required for shear failure (Lorenz et al., 1991). Beugelsdijk

et al. observed the expansion geometry of hydraulic fractures

through experiments and found that the greater the horizontal

stress difference, the smoother the fracture surface (Beugelsdijk

et al., 2000). Yan et al. found through experimental research that

stress concentration occurs around the pores of the reservoir,

resulting in an increase in rock fracture initiation pressure, while

the existence of natural fractures will weaken the stress

concentration (Yan et al., 2011). Zhou et al. revealed the

interaction mechanism between multiple natural fractures and

hydraulic fractures through physical experiments, and analyzed

the effect of in-situ stress on fracture geometry (Zhou and Xue,

2011). In the case of high in-situ stress difference, fractures are

more likely to generate multiple random branch fractures; in the

case of low in-situ stress difference, natural fractures can control

the geometry of hydraulic fractures. Wang et al. evaluated the

effects of natural fracture approach angle, inclusion strength, and

inclusion thickness on fracture propagation in a series of

experiments (Wang et al., 2013). The results showed that

fractures tend to pass through natural fractures with large

approach angles and turn towards natural fractures with low

approach angles. The thickness of natural fracture inclusions

does not alter the crossing and turning behavior of orthogonally

approached samples. Dehghan et al. found that in fractured

reservoirs, pre-existing natural fractures reduce the stress

concentration around the wellbore, greatly reducing the

pressure required for fracture initiation and fracture

propagation (Dehghan et al., 2016). Hou et al. conducted

large-scale true triaxial hydraulic fracturing experiments (Hou

et al., 2018). The study showed that a high level of stress

difference will make the main fracture extend longer, but it is

not conducive to the formation of complex fracture networks.

Well operation can form a complex fracture network. He et al.

used DIC digital image processing technology and a high-speed

photography system to photograph the dynamic propagation

process of fractures, and proposed two types of fracturing

mechanisms: particle fracturing and pore-filling fracturing (He

and Hayatdavoudi, 2018). Guo et al. found that the fracturing

pressure of slick water is the lowest, and the low-viscosity

fracturing fluid is easy to activate weak natural fractures or fill

fractures, resulting in the opening of micro-fractures, which can

effectively reduce the fracturing pressure (Guo et al., 2018). Based

on experimental studies, Tan et al. found that too small or too

large fracturing fluid viscosity and injection rate are not

conducive to the vertical extension of induced fractures and

the improvement of reservoir stimulation volume (Tan et al.,

2019). Based on laboratory experiments, Liu et al. found that with

the increase of fracturing fluid viscosity, formation fracture

pressure and fracture propagation distance also increased (Liu

et al., 2021).

FIGURE 3
Schematic diagram of the calculation of the induced stress
field around the fracture.

FIGURE 4
Comparison of simulation results between analytical and
numerical solutions.
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In order to exploit the remaining oil areas of low-

permeability reservoirs and the dead oil areas under the

parent well pattern as much as possible, the stimulation

technology of drilling parallel infilling horizontal wells

near the parent wells has been gradually applied. Although

the above-mentioned literatures have carried out a lot of

research on the propagation of hydraulic fractures, the

interaction mechanisms between hydraulic fractures in

infill horizontal wells and hydraulic fractures in parent

wells are still unclear.

Combined with the maximum circumferential tensile

stress criterion and the displacement discontinuity

boundary element method, a boundary element simulation

program is developed in this paper to simulate and study the

fracture propagation process and the inter-fracture

interference mechanism of hydraulic fracturing. The

analytical solution is used to validate the hydraulic

fracturing simulation program. By establishing a fracture

propagation model for infilling horizontal wells, a series of

fracturing numerical simulations are carried out, and the

influence mechanism of different factors on the inter-

fracture interference and the effect of natural fractures on

the fracture network morphology are studied.

2 Basic theory and governing
equations

2.1 Displacement discontinuous boundary
element method

In 1976, Crouch proposed that in an infinite elastic body, the

element can be discretized to simulate the discontinuous

distribution of fracture displacement, and the fracture length

can be discretized into multiple small elements (Crouch, 1976).

As shown in Figure 1, a fracture segment with a length of 2a is

placed in an infinite formation, and the upper and lower

discontinuous surfaces are denoted as y = 0+ and y = 0–. Dx

and Dy represent the discontinuous displacement along the x and

y directions, and ux and uy represent the displacement along the x

and y directions. The positive sign “+” represents the upper

surface of the fracture element, and the negative sign “–“

represents the lower and upper surface of the fracture element.

{Dx � ux(x, 0−) − ux(x, 0+)
Dy � uy(y, 0−) − uy(y, 0+) (1)

The displacement and stress caused by the displacement

discontinuity (Dx, Dy) of the fracture to any point i in the

two-dimensional plane are expressed as follows:

⎧⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎩

ux � Dx[2(1 − ])f′y − yf′xx] +Dy[ − (1 − 2])f′x − yf′xy]
uy � Dx[2(1 − ])f′x − yf′xy] +Dy[2(1 − ])f′y − yf′yy]
σxx � 2GDx(2f′xy + yf′xyy) + 2GDy(f′yy + yf′yyy)
σyy � 2GDx(−yf′xyy) + 2GDy(f′yy + yf′yyy)
σxy � 2GDx(f′yy + yf′xyy) + 2GDy(−yf′yyy)

(2)
where f(x,y) is:

f(x, y) � − 1
4π(1 − ]) [y(arctg

y

x − a
− arctg

y

x + a
)]

−(x − a) ln [(x − a)2 + y2]1 /

2 + (x + a) ln [(x + a)2 + y2]1 /

2

(3)
where σxx, σyy, σxy represent the normal stress along the x, y, and x-y

plane directions; ] represents Poisson’s ratio; G represents shear

FIGURE 5
Simulation model of hydraulic fracture propagation in infill
horizontal wells.

TABLE 1 Hydraulic fracturing simulation parameters.

Formation properties

Reservoir size/m × m 300 m × 300 m

Young’s modulus/MPa 20370

Poisson’s ratio 0.23

Maximum horizontal principal stress/MPa 32

Minimum horizontal principal stress/MPa 30

Fracture toughness/MPa·m1/2 2.5

Rock density/kg/m3 2480

Design Parameters

Injection pressure/MPa 34

Initial fracture length/m 100

Fracture Spacing in parent wells/m 60
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modulus; f(x,y) represents the analytical solution to the constant

displacement discontinuity problem, f ′x and f ′y are the first-order
derivatives of f(x,y), f ′xx, f ′xy, and f ′yy are the second-order

derivatives of f(x,y), and f ′xyy and f ′yyy are The third derivative

of f(x,y).

The fracture curve in the plane is discretely and uniformly

divided into N small units, and the boundary units are

represented by two quantities, s-n and x-y, as shown in Figure 2.

The fracture is subjected to a certain pressure, and the

displacement discontinuity component is expressed as follows:

⎧⎪⎨⎪⎩D
j

s � j u−
s − j u+

s

D
j

n � j u−
n − j u+

n

(4)

Ds

j
, Dn

j
represent the displacement discontinuity of the unit

body j in the s and n directions; us
j
, un

j
represent the displacement

of the unit body j in the s and n directions. The stress and

displacement components in any boundary element i are

expressed as follows:

FIGURE 6
The propagation trajectory of a single artificial fracture at different positions.

FIGURE 7
Normal stress field distribution in X-axis direction of single artificial fracture propagation.
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⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
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j

n

σ
i
n � A

j,i

nsD
j

s + A
j,i

nnD
j

n

σ
i
t � A

j,i

tsD
j

s + A
j,i

tnD
j

n

u
i
s � B

j,i

ssD
j

s + B
j,i

snD
j

n

u
i
n � B

j,i

nsD
j

s + B
j,i

nnD
j

n

(5)

σs
i
, σn

i
, σt

i
represents tangential stress, normal stress, and

normal stress components along the fracture direction; us
j
, un

j

represents the tangential and normal displacement of a point on

the boundary element i; Aj,i
ss , Asn

j,i, A
j,i
ns , Ann

j,i , A
j,i
ts , A

tn
j,i represents

the stress influence coefficient; Bss

j,i
, B
j,i

sn, Bns

j,i
, B
j,i

nn represents the

displacement influence coefficient.

The expressions of stress and displacement at the midpoint of

element i are as follows:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

σ
i
s � ∑N

j�1
A
j,i

tsD
j

s +∑N
j�1
A
j,i

snD
j

n

σ
n
s � ∑N

j�1
A
j,i

nsD
j

s +∑N
j�1
A
j,i

nnD
j

n

σ
i
t � ∑N

j�1
A
j,i

tsD
j

s +∑N
j�1
A
j,i

tnD
j

n

u/
i

s � ∑N
j�1
A
j,i

tsD
j

s +∑N
j�1
B
j,i

snD
j

n

u
i
s � ∑N

j�1
j,i BnsD

j

s +∑N
j�1
B
j,i

nnD
j

n

(6)

For the 4 boundary element components, we need to obtain

2 components at the same time to solve, giving 2 N linear

algebraic equations based on N discretized elements. The

stress component is represented by Eq. 7, and the

displacement component is represented by Eq. 8, thereby

obtaining 2 N displacement discontinuities.

Compared with finite element and discrete element

methods, the displacement discontinuous boundary element

method has higher computational efficiency, and the

numerical simulation accuracy is not affected by the

complexity of the natural fracture network. Unfortunately,

the displacement discontinuous boundary element method

cannot consider the effect of non-uniform pore pressure when

simulating fracture propagation. This study focuses on the

mechanism of the interaction between hydraulic fractures in

parent and child wells, so the model is solved using the

displacement discontinuity boundary element method,

ignoring the effect of pore pressure.

2.2 Rock failure criteria

To judge the fracture propagation of rock fractures, it is the

key to determine the stress intensity factor. The rock is fractured

by an external force, which will cause stress concentration at the

fracture tip. Rock fractures can be divided into three types: open

type (type I), slip type (type II), and tear type (type III) (Zhou

et al., 2019). The stress intensity factor can be used to characterize

the stress field and displacement field at the fracture tip (Irwin,

1957). KI, KII, and KIII are the stress intensity factors of three

types of fracture tips, respectively, where KI and KII can be

expressed as:

FIGURE 8
Distribution of shear stress field for single artificial fracture propagation.
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⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
KI � lim

r ���→ 0

���
2πr

√
σn � lim

r ���→ 0

�
2

√
Ga��

π
√ (1 − v)[

1

(2a − r) �
r

√ ]Dn

KII � lim
r ���→ 0

���
2πr

√
σs � lim

r ���→ 0

�
2

√
Ga��

π
√ (1 − v)[

1

(2a − r) �
r

√ ]Ds

(7)
The maximum circumferential stress criterion is used to

judge the direction of fracture initiation and extension

(Erdogan and Sih, 1963), where the stress expression is as follows:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

σr � 1
2

���
2πr

√ [KI(3 − cos θ cos
θ

2
) + KII(3 cos θ − 1) sin θ

2
]

σθ � 1
2

���
2πr

√ cos
θ

2
[KI(1 + cos θ) − 3KII sin θ]

τrθ � 1
2

���
2πr

√ cos
θ

2
[KI sin θ + KII(3 cos θ − 1)]

(8)

According to the maximum circumferential stress criterion,

the fracture will start in the direction of the maximum

circumferential stress σθ, where the maximum circumferential

stress is:

(σθ) max � 1
2

���
2πr

√ cos
θ

2
[KΙ(1 + cos θ) − 3KII sin θ] (9)

When the circumferential stress in the direction of the

fracture initiation angle θ reaches the maximum value, that is,

the critical value σc, the fracture starts to propagate forward.

From this, it can be obtained that the conditions for judging

fracture propagation according to the maximum circumferential

stress criterion are:

(σθ) max � (σθ)c (10)

FIGURE 9
Hydraulic fracture propagation trajectories under different fracture spacings.
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2.3 Model validation

Sneddon et al. deduced the induced stress field generated by a

single elliptical fracture around a two-dimensional uniform

elastic medium under the action of uniform water pressure

without considering the fluid loss in the fracture and the

pressure drop loss of the plate flow (Sneddon, 1946; Sneddon

and Elliot, 1946). As shown in Figure 3, The analytical solution of

the induced stress field generated by hydraulic fractures can be

expressed as:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

σx � Pinj
r

a
( a2

r1r2
) 3

2 sin θ sin[3
2
(θ1 + θ2)] + Pinj[ r����

r1r2
√ cos(θ − θ1 + θ2

2
) − 1]

σy � −Pinj
r

a
( a2

r1r2
) 3

2 sin θ sin[3
2
(θ1 + θ2)] + Pinj[ r����

r1r2
√ cos(θ − θ1 + θ2

2
) − 1]

σxy � Pinj
r

a
( a2

r1r2
) 3

2 sin θ cos[3
2
(θ1 + θ2)]

(11)

Pinj represents the fluid pressure in the fracture; σx, σy, τxy represent

the x-direction stress component, the y-direction stress component,

and the shear stress component in the induced stress field.

FIGURE 10
Normal stress field distribution in X-axis direction around artificial fractures under different fracture spacings.
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(Pinj=-4MPa; a = 1 m; x = 0.8 m; y = 0 m~10 m).

It can be seen from Figure 4 that the numerical model of

hydraulic fracture propagation established in this paper is

basically consistent with the numerical simulation results of

the stress field and the calculation results of the analytical

solution, thus verifying the accuracy of the model.

3 Discussion of simulation results

3.1 Model establishment

The reservoir is assumed to be infinite and isotropic. Infill

horizontal well technology refers to drilling a new horizontal well

parallel to a parent well, and performing hydraulic fracturing

reservoir reconstruction on the child well, to exploit the

remaining oil areas in low-permeability reservoirs and dead oil

under the parent well pattern as much as possible. According to the

characteristics of infill horizontal wells, this paper establishes a two-

dimensional plane hydraulic fracture propagation model as shown

in Figure 5 The initial fractures of parent wells are blue, and the

artificial fractures generated by hydraulic fracturing of child wells,

that is, infill horizontal wells, are orange, the natural fractures in the

reservoir are green. The maximum and minimum horizontal

principal stresses are uniformly and symmetrically applied to the

model boundary, and the simulation parameters used for hydraulic

fracturing fracture propagation are shown in Table 1. The

simulation parameters in Table 1 are determined according to

the field operation characteristics of infill horizontal wells and

concerning previous studies (Lindsay et al., 2018; Roussel et al.,

FIGURE 11
Distribution of shear stress field around artificial fractures with different fracture spacings.
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2013;Wang et al., 2022). Note that the compressive stress is assumed

to be negative and the tensile stress to be positive.

3.2 Effect of fracture spacing on fracture
morphology

3.2.1 Propagation of a single hydraulic fracture
Fracture spacing is an important parameter for staged multi-

cluster fracturing. Keeping the initial fracture parameters of the

parent well unchanged, by changing the distance between the

artificial fracture and the initial fracture, the propagation of a

single artificial fracture in the child well is firstly studied. Figure 6

shows the fracture propagation trajectory of a single fracture in a

child well at different positions, and the corresponding stress

field is shown in Figure 7 and Figure 8. It can be seen from

Figure 6 that the distance between the initial fracture and the

artificial fracture will affect the propagation trajectory of the

fracture. When the distance is small, the initial fracture will

attract the artificial fracture, causing the artificial fracture to

deflect to the side of the initial fracture.

Figure 7 and Figure 8 show that the distribution of the

normal stress field and shear stress field around the fracture

shows that when the fracture distance is relatively short, the weak

surface of the initial fracture of the parent well will induce the

artificial fracture of the child well, and the tensile stress

concentration area at the tip of the artificial fracture will

decrease, and the shear stress at the fracture tip is enhanced,

which causes the artificial fracture to approach the weak surface

of the original fracture in the parent well, and the two fractures

have easily colluded with each other. Therefore, when infilling

horizontal wells and fracturing, the relative positions of artificial

fractures and initial fractures should be judged to avoid

communication between fractures.

FIGURE 12
Fracture propagation trajectories at different well spacings.
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3.2.2 Hydraulic fracture expansion of staged
multi-cluster fracturing

By changing the fracture spacing of hydraulic fractures in

infilling horizontal wells, the propagation of hydraulic fractures

in the case of multi-cluster fracturing in child wells is analyzed.

The fracturing sequence of child wells is set to fracturing from left

to right. Figure 9 shows the fracture trajectory under the

competitive expansion of multiple artificial fractures, and the

corresponding stress field is shown in Figure 10 and Figure 11 of

which Figure 9C is the initial fracture of no parent well

comparison group. Figure 9 shows that the fracture spacing

has a great influence on the propagation trajectory of

hydraulic fractures. Compared with the control group without

initial fractures, a complex interaction occurs between the initial

fractures in the parent well and the hydraulic fractures in the

child well, leading to the fact that the originally mutually

exclusive artificial fractures may be induced by the initial

fractures to approach each other (Figure 9B and Figure 9C).

The smaller the fracture spacing, the more obvious the mutual

interference between the hydraulic fractures and the initial

fractures, and the larger the hydraulic fracture deflection

angle. When the fracture spacing is too small, the hydraulic

fractures will communicate with each other near the wellbore

(Figure 9D).

Figure 10 and Figure 11 show that the smaller the hydraulic

fracture spacing, the greater the stress interference effect, and the

rational use of the stress interference effect can increase the

complexity of the fracture network. If the fracture spacing is too

small, the tensile stress at the tip of the hydraulic fracture

decreases, and the compressive stress on both sides increases,

FIGURE 13
Normal stress distribution in the X-axis direction at different well spacings.
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which is not conducive to the extension and expansion of the

fracture, and the fractures are easy to attract and communicate

with each other. When the fracture spacing in Figure 10D and

Figure 11D is 20 m, the normal stress and shear stress at the tip of

the artificial fracture in the middle is small, and the mutual

interference between fractures hinders the fracture extension.

Therefore, reasonable fracture spacing during staged multi-

cluster fracturing in child wells will maximize the complexity

of the artificial fracture network and improve oil recovery.

3.3 Effect of well spacing on fracture
morphology

The distance between the child well and the parent well may

affect the inter-fracture interference. The fracture spacing is

fixed, and the fracture propagation under different well

spacing is analyzed. The simulation results of fracture

trajectory are shown in Figure 12 and the simulation results

of stress field are shown in Figure 13 and Figure 14. Comparing

Figure 12A and Figure 12D, it can be seen that when the well

spacing is large, the initial fracture of the parent well will not

affect the fracture of the child well. With the shortening of well

spacing, the initial fractures of parent wells begin to interfere with

the propagation trajectory of hydraulic fractures in child wells.

The shorter the well spacing, the stronger the interference effect,

the easier it is for hydraulic fractures to attract each other, and

even the phenomenon of inter-fracture communication.

Reducing the well spacing can increase the stress interference

between wells and make the fractures interact, which is

conducive to the formation of complex fracture network

between wells.

FIGURE 14
Distribution of shear stress under different well spacing.
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Figure 13 and Figure 14 show that when the well spacing is

small, the stress field distribution around the hydraulic fracture is

greatly interfered with by the initial fracture of the parent well.

The tensile stress concentration area at the tip of the artificial

fracture is greatly reduced, and the fractures communicate with

each other in the compressive stress area, so it may be difficult for

fracture initiation and extension. When the two wells are far

apart, compared with the control group without initial fractures,

the stress zone where the hydraulic fractures are located is hardly

affected by the initial fracture stress field of the parent well.

3.4 Influence of natural fractures on
fracture morphology

3.4.1 Influence of natural fracture length
Assuming that the natural fractures are closed in the

initial state, the pressure inside the fractures is zero, and the

fracture spacing is 10 m, the effect of the natural fracture

length on the propagation law of hydraulic fractures in child

wells is studied by changing the initial length of the natural

fractures.

FIGURE 15
Fracture propagation trajectories under different initial lengths of natural fractures.

FIGURE 16
Stress field distribution of natural fractures with an initial length of 1 m.
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Figure 15 shows the initiation and extension of hydraulic

fractures with different initial lengths of natural fractures. It

can be seen that the propagation of artificial fractures can

induce the initiation and extension of nearby natural micro-

fractures, and some natural fractures will communicate with

artificial fractures. Since the fracturing sequence is set from

left to right, the stress interference area first changes from the

left area, so the natural fractures in the left first fracturing area

extend longer, and the right rear fracturing area may induce

insufficient stress, resulting in natural fractures. The fracture

extension distance is getting shorter and shorter, even without

fracture initiation. The comparison shows that the longer the

initial length of the natural fracture is, the longer the final

length of the natural fracture that initiates and extends, and

the extension of the natural fracture is divergent toward the

parent well.

FIGURE 17
Fracture propagation trajectories under different natural fracture densities.

FIGURE 18
Normal stress in the X-axis direction under different natural fracture densities.
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Figure 16 shows the stress field distribution when the natural

fracture length is 1 m. It can be seen that the two tips of natural

fractures are located in the stress concentration area, and the

upper end is mainly located in the tensile stress concentration

area. The natural fracture continues to expand upward and is

prone to shear tensile failure. The lower end is located in the

compressive stress concentration area. It is difficult to initiate

fractures and extend, and it is easier to extend in the direction of

the initial fractures in a divergent manner, while the stress values

around the fractures without fracture initiation are close to the

in-situ stress state.

3.4.2 Influence of natural fracture density
The length of natural fractures is fixed, and the natural

fractures are densely arranged by changing the fracture

spacing, and the influence of natural fracture density on the

propagation of hydraulic fractures is analyzed. From Figure 17 of

the fracture propagation trajectory, it can be seen that regardless

of the density of natural fractures, the natural fractures in the pre-

pressurized area on the left can initiate and extend, while most of

the natural fractures in the post-pressurized area on the right do

not initiate and extend. The length of natural fracture extension is

not greatly affected by the density of natural fractures. As shown

in Figure 17A, when natural fractures are densely distributed,

individual fractures will stop extending after a certain distance

due to the influence of surrounding natural fractures, while some

natural fractures will communicate with initial fractures and

hydraulic fractures, resulting in child wells communicate

between wells, thereby reducing fracturing efficiency.

From the stress field distribution results in Figure 18 and

Figure 19, it can be seen that the tensile stress area at the tip of

the natural fracture in the pre-pressed area on the left is larger, so the

natural fracture is more likely to initiate and expand to the parent

well under the effect of the induced stress field. However, the natural

fracture induced stress in the right back pressure region is obviously

insufficient, so most of them do not initiate and propagate.

4 Conclusion

Based on the theory of linear elasticity and rock fracture

mechanics, combined with the boundary element displacement

discontinuity method, a simulation model of hydraulic fracturing

fracture propagation in infill horizontal wells is established.

Using this model, this paper analyze different factors on the

propagation of hydraulic fractures in infill horizontal wells. The

main simulation results are as follows:

1) The fracture spacing and relative position of hydraulic

fractures in infill horizontal wells will have a significant

impact on the fracture propagation trajectory. The smaller

the fracture spacing is, the larger the hydraulic fracture

deflection angle is. Too small fracture spacing may cause

hydraulic fractures to communicate with each other in the

near-wellbore zone. Reasonable fracture spacing of infilling

horizontal wells can increase the complexity of the fracture

network.

2) The shorter the well spacing between the infill horizontal well

and the parent well is, the stronger the inter-fracture stress

interference effect is. Reasonable reduction of well spacing

can increase the effect of stress interference and is conducive

to the formation of complex fracture networks. Too small well

FIGURE 19
Distribution of shear stress under different natural fracture densities.
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spacing may cause fracture communication between wells

and reduce hydraulic fracturing efficiency.

3) Under the action of induced stress, natural fractures will

initiate and extend and communicate with hydraulic

fractures, and the fracture propagation pattern is divergent

along the initial fracture direction of the parent well. The

natural fractures in the pre-compression area are more likely

to initiate and propagate under the action of induced stress.

4) Under the action of hydraulic fracture-induced stress, the longer

the initial length of natural fractures is, the longer the final length

of natural fractures is. The natural fracture density has little effect

on the natural fracture extension length and fracture shape.
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