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Study on migration law of
multiscale temporary plugging
agent in rough fractures of shale
oil reservoirs

Yang Wang*, Yu Fan and Xiaojiao Wang

Engineering Technology Research Institute of Southwest Oil and Gas Field Company, PetroChina,
Chengdu, China

For unconventional oil and gas reservoirs and deep carbonate reservoirs,
temporary plugging fracturing is an important technology to improve oil and
gas production. At present, the research of temporary plugging fracturing is mainly
focused on the development of high-performance temporary plugging agent, the
simulation of fracture growth morphology and the test of plugging ability of
temporary plugging agent. There is limited research on the migration law of
temporary plugging agents in fractures, which affects the optimization of
temporary plugging processes and parameters. Through a crack sealing
experimental device, taking into account the influence of rough cracks and
crack width, a temporary plugging agent sealing pressure test was conducted.
The sealing pressure and the thickness of the dense layer formed by the temporary
plugging agent were used to quantitatively characterize the migration law of the
temporary plugging agent. This article elucidates the influence of different types,
combinations, and concentrations of temporary plugging agents on the sealing
pressure. The research results show that the granular temporary plugging agent
has better plugging ability than fiber, and it is easier to plug the fractures with small
width. Increasing the concentration of temporary plugging agent is beneficial to
plugging fractures, and high concentration of temporary plugging agent can
achieve higher plugging pressure compared with low concentration of
temporary plugging agent. At the same concentration, the plugging pressure
of the temporary plugging agent combined with fiber and small particles is lower
than that of the temporary plugging agent combined with fiber, small particles and
large particles. Increasing the fiber concentration in the composite temporary
plugging agent can effectively increase the temporary plugging pressure and
shorten the pressure starting time. Compared to smooth fractures, temporary
plugging agents are more likely to accumulate and seal in rough fractures.
Temporary plugging fracturing technology has been widely used in
unconventional fields such as tight gas and shale oil in the Sichuan Basin. The
analysis of fracturing injection pressure data shows that fractures will turn several
times in the formation after the temporary plugging agent is added to the
fracturing fluid, thus increasing the stimulation range.
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1 Introduction

China has a large number of unconventional oil and gas resources,
and unconventional resources such as tight gas, shale oil and shale gas
are playing an increasingly important role in oil and gas production
[1-3]. Unconventional oil and gas reservoirs are often characterized by
low porosity, low permeability and strong heterogeneity. Hydraulic
fracturing is an important technology to improve the utilization of
unconventional oil and gas resources [4-8]. Affected by reservoir
heterogeneity and mutual interference between fractures, hydraulic
fractures often expand unevenly, which seriously affects oil and gas
production [9]. Improving the uniformity of multiple fractures is the
key to unconventional fracturing technology. By adding temporary
plugging agent to the fracturing fluid, temporary plugging fracturing
can form a plugging layer in the fracture, change the flow direction of
subsequent fracturing fluid, and open a new hydraulic fracture in the
horizontal section [10, 11]. This technology can greatly improve the
uniform expansion of the fracture, thus improving the stimulation
effect. Temporary plugging fracturing can form a plugging layer in the
fracture by adding temporary plugging agent to the fracturing fluid,
forcing the subsequent fracturing fluid to change the flow direction and
open a new hydraulic fracture in the horizontal section [12, 13]. This
technology can greatly improve the uniform expansion of the fracture,
thus improving the stimulation effect.

Yang Wang et al. [14] evaluated the applicability of fiber and
granular temporary plugging agent in acid fracturing of ultra-deep
carbonate reservoir, and optimized the formula of temporary plugging
agent with plugging pressure greater than 15 MPa. Yang Wang et al.
[15] proposed a compound staged acid fracturing method for
horizontal wells using packers and temporary plugging agents,
which greatly increased the stimulation range by adding temporary
plugging agents several times. Lishan Yuan et al. [16] used 3D printing
technology to create rough fractures and evaluated the migration law of
1 mm fibers and particles in the fractures, and the experimental results
shows that fibers and particles are easy to accumulate in the narrow area
of fractures. Wei Feng et al. [17] proposed new parameters to analyze
fracture morphology and introduced an integrated experimental
method as well to study plugging behavior within fractures with
different morphologies. Hao Qin et al. [18] used the coupling
method of computational fluid dynamics (CFD) and discrete
element method (DEM) to establish the mathematical model of
temporary plugging agent migration, through which the migration
law of temporary plugging agent in artificial fractures during temporary
plugging and fracturing of hot and dry rocks can be accurately grasped.
Daobing Wang et al. [19] first present a comprehensive workflow to
model hydraulic fracture by accounting for interactions with numerous
crosscutting natural fracture or joint sets, as well as the effect of
temporary plugging in opened fractures. This model is a fully
coupled seepage flow in porous media, fluid flow in fractures, and
rock deformation finite element model with adaptive insertion of
cohesive elements as crosscutting natural fracture or joint sets. Bo
Wang et al; [20] modified the commonly used true triaxial hydraulic
fracturing system to study the influence of various factors in the process
of diversion on the injection pressure response and fracture geometry.
According to the physical and mechanical parameters of tight rocks, Yin
Zhang et al; [21] poured artificial simulated rock samples (AARS) of
sandstone reservoirs in Shengli Oilfield. The true triaxial TP fracturing
test under different TP is concentrated on AARS. With the aid of nano-
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boron crosslinker (NBC) and sleeve, the initiation and propagation of
hydraulic fractures are monitored by acoustic emission (AE) system.
Chen Yang et al. [22] established a large-scale visual experimental
system based on similarity criteria, which can observe the dynamic
plugging performance of fibers and particles. The experimental results
show that the plugging process begins with the fiber adhering to the
bottom, top and surface of the crack, and then the attached fiber
continuously captures the flowing particles to form a dispersed blocking
area, and finally forms a flow channel and gradually narrows until it is
completely blocked. The fiber causes plugging, and the particles as the
skeleton accelerate the subsequent plugging process. Lufeng Zhang et al;
[23] carried out experimental research on plugging behavior of
degradable fibers and particles in acid-etched fractures, and the
results showed that the fracture surface morphology affected the
formation time of temporary plugging, but did not affect whether
temporary plugging was formed. Ahmed M. Gomaa et al; [24] evaluated
the temporary plugging agent suitable for far field (FF) and near well
(NW) applications through bridging test, filling permeability test and
dissolution test under static and dynamic conditions. Based on Jimusar
shale, Minghui Li et al. [25] investigated the plugging performance of
fibers and particles and diverting fracturing behavior under three
different TPDF application scenarios: near-wellbore in-plane TPDF,
multistage TPDF in the horizontal wellbore, and far-field TPDF within
fractures. C. E. Cohen et al; [26] developed an acid containing fiber and
has been successfully used in matrix acidizing of highly heterogeneous
carbonate formations. The fiber is designed to be inert under surface
and pumping conditions. Its geometry enables it to form a strong and
stable fiber network, which can effectively cross natural cracks,
wormbholes, and perforated tunnels. Finally, the fiber degrades into
water-soluble organic liquid, which will return to the surface during the
reflux process. Vanessa Williams et al; [27] proposed an acid fracturing
technology that uses solid particles to improve the stimulation effect and
enhance the far-field conductivity. This method can not only enhance
the conductivity of fractures, but also increase the complexity of
fractures. Wang Liwei et al; [28] used the physical simulation
method and combined with the on-site temporary plugging process
to study the indoor verification of the opening and coupling extension
of natural fractures at different levels. The experimental results show
that the fracture aperture has a great influence on the temporary
plugging steering pressure, and not all fractures with any apertures
can be temporarily plugged and steered into new fractures. Ruxin Zhang
et al; [29] used five shale outcrops to carry out large-scale real triaxial
temporary plugging fracturing simulation research, and the results
showed that the temporary plugging agent effectively plugs up
induced fractures at two different positions, which are its heel or tip,
and results in three main fracture diversion patterns: fracture diversion
at the old fracture heel, fracture diversion with an old fracture, and a
new fracture induced at a new position. Based on past experience, Mary
S. Van Domelen et al; [30] optimized modern diversion practices with
self degradable particles and developed diverter design guidelines that
provide a basis for temporary plugging fracturing design. The research
of temporary plugging fracturing mainly focuses on two aspects:
performance evaluation of temporary plugging agent and numerical
simulation of fracture propagation, among which performance
evaluation of temporary plugging agent is an important component
of temporary plugging fracturing technology. The performance
evaluation of temporary plugging agents often uses smooth steel
plates instead of fracturing fractures to test the plugging pressure of
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temporary plugging agents under different width fracture conditions.
However, the fracturing fracture walls in the formation are actually not
smooth, and they often present a rough and uneven state. Therefore,
using smooth steel plates to conduct experiments has certain errors,
which cannot accurately characterize the impact of rough walls on the
plugging process of temporary plugging agents. Chengyuan Xu et al;
[31] used a microscopic visualization experimental device formed by the
blockage zone to observe the dynamic blockage performance of
spherical materials, and fibers
Chengyuan Xu et al; [32] used the microscopic visualization

sheet materials, in fractures.
experimental device formed by the crack plugging zone to analyze
the plugging behavior of different types and different concentrations of
irregular shape plugging materials in the fracture. The experimental
results show that the main factors affecting the formation of fracture
plugging zone are flatness, roundness, convexity and concentration.
Huang Liuke et al; [33] studied the effects of rock intrinsic heterogeneity
and grain size on the initiation and propagation of hydraulic fractures
under different propagation modes by using a two-dimensional discrete
element model. Yixin Chen et al; [34] proposed the liquid solid
phase transition self-generated proppant fracturing fluid system
(LSPCAP), which converts into solid particles at formation
temperature to resist closure stress in fractures. Daobing
Wang et al. [35] established a discrete network model of
in HDR The
numerical simulation results show that the main factors

complex fracture distribution reservoirs.
affecting the thermal recovery efficiency of HDR reservoirs
include fracture width, fracture density, fracture permeability
and matrix permeability. Daobing Wang et al. [36] used the
extended finite element method to study the repeated fracture
propagation paths at different initiation angles. The rich function
method and magic mode technique are introduced into the
repeated crack model, which ensures that the repeated crack
can spread freely on the structural grid without any refinement
near the crack tip.

Through literature research, it can be found that the research on
temporary plugging fracturing of Shale oil mainly focuses on the
development of high-performance temporary plugging agent,
numerical simulation of fracture growth, and the distribution of
temporary plugging agent in the petrophysical model, lacking the
research on the migration law of temporary plugging agent in
fractures. It is necessary to accurately understand the migration
law of temporary plugging agents in rough fractures, as it can
provide important basis for the selection of temporary plugging
materials and the parameter design of temporary plugging
fracturing.

Through a fracture plugging experimental device, taking into
account the impact of rough fractures and fracture widths on
paper
plugging pressure test of temporary plugging agents,
in detail the impact of different types,
combinations, and concentrations of temporary plugging agents

temporary plugging effectiveness, this conducted a

demonstrating

on plugging pressure, and revealing the migration and bridging
process of temporary plugging agents under rough fracture
conditions. This study has guiding significance for improving
temporary plugging fracturing technology, which has been widely
used in unconventional oil and gas reservoirs such as shale oil, tight
gas, and shale gas in the Sichuan Basin, achieving good stimulation
effects and improving the development effect of gas reservoirs.
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FIGURE 1
Reservoir pore structure of well XQ1.

2 Results and discussion

Sichuan Basin is rich in conventional and unconventional oil
and gas resources [37]. Its main shale gas production layer is the
Wufeng Formation-Longmaxi Formation. Shale oil is mainly
distributed in the
Formations [38], and the tight gas production layer is the

Jurassic Daanzhai and Lianggaoshan
Jurassic Shaximiao Formation [39]. The unconventional oil and
gas resources in the Sichuan Basin are characterized by low porosity,
low permeability, and strong heterogeneity [40, 41]. Hydraulic
fracturing is an important technology to enhance unconventional
oil and gas production.

Taking the Jurassic shale oil as an example, the Jurassic reservoir
is mainly composed of limestone and sandstone, with an average
porosity of 5.7%, an average permeability is 0.42 mD, organic carbon
content of 1.2%-2.4%, movable hydrocarbon content of 0.6 mg/
g-2.5mg/g, and brittle mineral content of 50%-60%. The
compressive strength of shale is 165 MPa, the compressive
strength of sandstone is 415 MPa, the elastic modulus of shale is
5.2 x 10*MPa, the elastic modulus of sandstone is 6.1 x 10*MPa, the
horizontal stress difference of reservoir is 6.6-10.4 MPa, and the
stress difference coefficient is 0.14-0.18. As can be seen from
Figure 1, the reservoir structure of Well XQI is composed of
residual intergranular pores, clay mineral intergranular pores,
and microfractures.

2.1 Effect of temporary plugging agent
morphology on plugging pressure

This experiment uses a crack sealing tester, which is composed of an
injection system, a fracture simulation system, and a data acquisition
system. The injection system consists of a high-pressure displacement
pump, with an upper limit of 300 mL/min. The fracture simulation
system uses a set of parallel steel plates to simulate fracturing cracks, and
simulates fractures of different widths by adjusting the gap between two
steel plates. Because the fracture wall in the formation is rough, in order
to truly simulate the rough fracture in the formation, we first obtained
the fracture wall data of Shale oil core through 3D scanning technology,

frontiersin.org


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2023.1228006

Wang et al. 10.3389/fphy.2023.1228006
1 A
1804
150
342
1404 ETR}
3
39
1204 ns
137
336
1004 b
34
13
B2
80
31
3
129
€04 28
20
FIGURE 2

Wall scanning cloud map of the fracturing fracture.

and then polished the steel plate according to the obtained 3D laser
scanning data, so as to ensure that the roughness of the simulated
fracture is consistent with that of the fracture in the real formation. The
data collection system mainly records the injection pressure and
displacement in real-time through high-performance pressure sensors.

Figure 2 is a scanned cloud map of the wall of a hydraulic
fracturing fracture. From this image, it can be seen that the wall of
the fracturing fracture is not smooth, but rather very rough and
uneven. Using rough wall fractures for experiments is helpful to
truly reflect the migration law of temporary plugging agents in
fracturing fractures. We create a simulated crack system based on
the crack wall data in Figure 2.

Linear gel is a commonly used fracturing fluid, mainly composed of
guar gum and water. In this experiment, a linear gel with a viscosity of
30 mPas was selected as the carrier fluid, and fibers and granular
temporary plugging agents of different concentrations and proportions
were mixed in the linear gel. The mixed liquid was injected into the
simulated fracture through a displacement pump, and the injection
pressure and displacement were recorded in real-time through a data
acquisition system. The chemical composition of fiber, 100 mesh and
10/40 mesh particles in the experiment is polyvinyl alcohol resin
modified by poly lotion. The length of the fiber is 6 mm, the
diameter of 100 mesh particles is 0.15 mm, and the diameter of 10/
40 mm particles is 0.425 mm-2 mm. The density of fibers and particles
is 1.26 g/lem®, and the above temporary plugging agents were all
purchased from Southwest Oil and Gas Field Company.

We inject 0.5% fiber, 0.5% 100 mesh particulate temporary
plugging agent, and 0.5% 10/40 mesh particulate temporary
plugging agent into a simulated rough fracture with a width of
4 mm through an injection system, while recording the plugging
pressure through a data acquisition system.

Frontiers in Physics

As can be seen from Figure 3 and Table 1, compared to fiber and
10/40 mesh granular temporary plugging agent, the peak plugging
pressure of the 100 mesh granular temporary plugging agent is the
highest, and the plugging pressure increases rapidly after the
injection of the fiber, with the shortest pressure build-up time.
The peak plugging pressure of 10/40 mesh granular temporary
plugging agent can reach 6.78 MPa, which is 136% larger than
the peak fiber plugging pressure.

Compared to fiber and 100 mesh granular temporary plugging
agent, the reason why 10/40 mesh granular temporary plugging
agent has the best plugging effect is that large particle temporary
plugging agent has a good match with the fracture [42], which can
quickly fill and accumulate at the fracture opening to form a sealing
layer, thereby increasing the plugging pressure and shortening the
plugging pressure rise time.

2.2 Effect of temporary plugging agent
concentration on plugging pressure

We injected different concentrations of fiber, 100 mesh granular
temporary plugging agent, and 10/40 mesh granular temporary
plugging agent into the simulated rough fractures, with a fracture
width of 4 mm and a carrier fluid injection displacement of 250 mL/
min. In the experiment, the plugging pressure data was recorded by
the data acquisition system. After the experiment, the parallel steel
plate used to simulate the crack was opened, and the thickness of the
dense layer formed by the temporary plugging agent in the crack was
measured by the vernier caliper. The migration of the temporary
plugging agent in the fracture is judged by the plugging pressure and
the thickness of the dense layer.
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FIGURE 3

Curve of plugging pressure test.

TABLE 1 Comparison of plugging peak pressure and starting time of different forms of temporary plugging agents.

Type of temporary plugging agent

The time when the plugging pressure starts to rise(S)

Peak plugging pressure (MPa)

Fiber 51 2.87
100 mesh particles 35 421
10/40 mesh particles 29 6.78

AN

Pressure, MPa
(98]

[\

—0.5% Fiber ——1.0% Fiber ——1.5% Fiber

FIGURE 4
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Plugging pressure curve of fiber with different concentrations.
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TABLE 2 Comparison of plugging effects of temporary plugging agents with different concentrations.

Type of temporary plugging

Concentration of temporary plugging

Thickness of sealing Peak plugging

agent agent (%) layer (cm) pressure (MPa)

Fiber 05 22 2.87
1.0 ‘ 26 ‘ 3.29
15 ‘ 3.1 ‘ 371

8 r ——0.5% 100 mesh particles

——1.0% 100 mesh particles

——1.5% 100 mesh particles

6 -

Pressure, MPa
A
T

0 1 1 1

0 100 200

300

400 500 600 700

Time, S

FIGURE 5

Plugging pressure curve of 100 mesh particles plugging agents with different concentrations.

As can be seen from Figure 4, as the fiber concentration increases
from 0.5% to 1.5%, the peak plugging pressure of the fiber increases,
but the increase in plugging pressure is not significant. Especially
when the fiber concentration is 1.5%, the peak plugging pressure is
3.71 MPa, which is only 0.84 MPa more than the peak plugging
pressure when the fiber concentration is 0.5%. Shale oil and gas
reservoirs in Sichuan Basin have strong heterogeneity, with a
horizontal two-way stress difference of over 10 MPa. The
plugging pressure of fibers is low and cannot meet the
requirements for temporary plugging and fracturing of shale oil
and gas reservoirs.

As can be seen from Table 2, with the increase in fiber
concentration, the peak plugging pressure gradually increases,
while the thickness of the sealing layer gradually increases. The
fiber concentration has a significant impact on the performance of
the plugging layer. The sealing layer formed by compaction of high
concentration fibers is very dense, and the pressure bearing capacity
of the sealing layer is significantly improved.

As can be seen from Figure 5, with the concentration of
100 mesh granular temporary plugging agent increasing from
0.5% to 1.5%, the peak plugging pressure does not increase
significantly. Especially, the peak plugging pressure of 100 mesh
granular temporary plugging agent with a concentration of 1.5% is
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only 0.91 MPa higher than the peak plugging pressure of 100 mesh
granular temporary plugging agent with a concentration of 0.5%,
and the peak plugging pressure of 100 mesh granular temporary
plugging agent with a high concentration is still very low, which is
only 5.67 MPa, It still cannot meet the requirements for temporary
plugging and fracturing of shale oil and gas reservoirs in the Sichuan
Basin.

As can be seen from Figure 6, under the same concentration, the
plugging pressure of 10/40 mesh granular temporary plugging agent
is much greater than that of fiber and 100 mesh granular temporary
plugging agent. The plugging pressure of 10/40 mesh granular
temporary plugging agent with a concentration of 1.5% is the
highest, which can reach 9.42 MPa. However, temporary plugging
fracturing of shale oil and gas reservoirs in Sichuan Basin requires a
plugging pressure of more than 15 MPa, and using fiber or particles
cannot meet the reservoir stimulation requirements.

Compared to fiber and 100 mesh granular temporary plugging
agent, the reason why the plugging pressure of 10/40 mesh granular
temporary plugging agent is high is that the temporary plugging
agent has a large size and can quickly form accumulation at the
simulated fracture opening with a width of 4 mm to improve the
plugging pressure. However, due to the obvious gap between various
particles in the accumulation process of granular temporary
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Comparison of peak plugging pressures of different temporary plugging agents.

FIGURE 7
Accumulation of 10/40 mesh granular temporary plugging agent
at the fracture opening.

plugging agents (Figure 7), the plugging layer formed by the
granular temporary plugging agent has obvious gaps, which
makes the liquid easily flow through the gaps, resulting in the
low plugging pressure of the granular temporary plugging agent.

2.3 Effect of temporary plugging agent
combination on plugging pressure

Tight gas, shale oil, and ultra-deep carbonate reservoirs in the
Sichuan Basin have strong heterogeneity and large stress differences.
Temporary plugging fracturing requires high plugging performance
of temporary plugging agents. Neither fiber nor granular temporary
plugging agent can meet the requirements of temporary plugging
and fracturing in the Sichuan Basin. Composite fiber and granular
temporary plugging agent can improve the plugging pressure [43].
This paper evaluates the plugging effect of composite fiber and
granular temporary plugging agent by plugging pressure testing.
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We maintain the concentration of temporary plugging agent at 2%
and adjust the proportion of fiber, 100 mesh granular temporary
plugging agent, and 10/40 mesh granular temporary plugging agent.
The experiment injected a mixture of fiber and granular temporary
plugging agent into the simulated rough fractures, and recorded the
change in plugging pressure in real time. The fracture width was 4 mm,
and the carrier liquid injection displacement was 250 mL/min.

From Figure 8 and Table 3, it can be seen that the plugging
pressure increases significantly after mixing fibers and particles
together, especially when the proportion of granular temporary
plugging agents is high. As the concentration of 10/40 mesh
granular temporary plugging agent increases, the peak plugging
pressure of the dense layer formed by the mixture of fiber and
granular temporary plugging agent significantly increases, especially
when the concentration of 10/40 mesh granular temporary plugging
agent is 1.5%, the peak plugging pressure is 37.5% higher than the
peak plugging pressure when the concentration of 10/40 mesh
granular temporary plugging agent is 0.5%.

The strength of the sealing layer is characterized by the sealing
pressure, and the higher the sealing pressure, the greater the strength
of the sealing layer. As can be seen from Figure 9, the mixture of fiber
and granular temporary plugging agent forms a very thick dense layer
at the fracture opening, in which the fiber and granular temporary
plugging agent are wrapped together, especially in the interior of the
fracture, where a large amount of the mixture of fiber and granular
temporary plugging agent is also filled. By comparing Figure 7, it can
be seen that if only granular temporary plugging agents are used, there
are obvious gaps between the particles, and using a mixture of fibers
and particles can well compensate for this disadvantage. Fibers
capture granular temporary plugging agents like fishing nets. After
the granular temporary plugging agent is wrapped in fibers, the
strength of the plugging layer is further improved, while fibers can
be filled in the gaps between the granular temporary plugging agents,
which improves the compactness of the plugging layer. The plugging
pressure formed by fibers and particles is higher than that of a single
fiber or particle, mainly because when fibers and particles are mixed
together, they can wrap and fill each other, thereby reducing the gap in
the sealing layer.
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FIGURE 8
Plugging pressure curve of composite fiber and granular temporary plugging agent.

TABLE 3 Comparison of peak plugging pressure.

Concentration of Concentration of 100 mesh granular Concentration of 10/40 mesh granular Peak plugging
fibers (%) temporary plugging agent (%) temporary plugging agent (%) pressure (MPa)

1.0 1.0 — 6.45

15 0.5 - 5.61

0.5 — 15 8.79

1.0 — 1.0 7.59

15 — 0.5 6.39

FIGURE 9
Plugging pressure curve of composite fiber and granular temporary plugging agent. (A). Image of the accumulation of a mixture of 10/40 mesh

granular temporary plugging agent and fibers at the fracture opening. (B). Image of the accumulation of a mixture of 10/40 mesh granular temporary
plugging agent and fibers inside the fracture.
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Plugging pressure curves of different combinations of temporary plugging agents.

We used a mixture of fiber, 100 mesh granular temporary
plugging agent, and 10/40 mesh granular temporary plugging
agent to conduct plugging tests. The plugging layer consists of the
above three temporary plugging agents. We adjusted the ratio of
fiber, 100 mesh granular temporary plugging agent, and
10/40 mesh granular temporary plugging agent to test the
plugging performance of different combinations of temporary
plugging agents. In the experiment, the simulated fracture width
is 4mm, and the carrier liquid injection displacement is
250 mL/m.

As can be seen from Figure 10, when the concentration of fiber is
0.5%, increasing the concentration of 10/40 mesh granular temporary
plugging agent is beneficial to improving the plugging pressure,
especially when the concentration of 10/40 mesh granular temporary
plugging agent increases from 0.5% to 1.0%, the peak plugging pressure
increases from 13.54 MPa to 18.12 MPa. In the experiment, the fiber
concentration was increased from 0.5% to 1.0%, and the peak plugging
pressure was increased from 18.12 MPa to 19.86 MPa. The peak
plugging pressure was not significantly increased after increasing the
fiber concentration, but the pressure onset time was shortened from 20 s
to 10 s. Increasing the fiber concentration is conducive to the formation
of a network structure between fibers, which can quickly capture
granular temporary plugging agents and shorten the formation time
of the plugging layer.

2.4 Effect of fracture width on plugging
pressure

We injected a mixture of 100 mesh temporary plugging agent
with a concentration of 0.1% and 10/40 mesh temporary plugging
agent with a concentration of 0.1% into the simulated rough
fractures. The widths of fractures are 2 mm, 4 mm, and 6 mm,
respectively, while carefully recording the changes in plugging
pressure. The displacement of this experiment is 250 mL/min.
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As can be seen from Figure 11, temporary plugging agents have a
better sealing effect on narrow fractures. As the fracture width
decreases, the peak sealing pressure increases rapidly, and the
pressure onset time becomes shorter. During the plugging
process of temporary plugging agent, the larger the width of the
fracture, the larger the cross section of temporary plugging agent
migration, and the greater the difficulty of temporary plugging agent
bridging. In order to achieve rapid and high-strength plugging, it is
recommended to reduce the injection displacement before injecting
temporary plugging agent in acid fracturing, thereby reducing the
fracture width, and improving the plugging pressure and
effectiveness.

2.5 Effect of fracture roughness on plugging
pressure

The wall of a fracture formed by hydraulic fracturing is rough
and uneven. We use two types of roughness to simulate the fracture
for experiments, one is a simulation fracture with a smoother wall
surface, and the other is a simulation fracture with a very rough wall
surface. Through experiments, we evaluate the impact of fracture
roughness on the plugging effect of temporary plugging agents. The
experiment uses a mixture of 0.5% fiber, 1.0% 100 mesh granular
temporary plugging agent, and 0.5% 10/40 mesh granular temporary
plugging agent. The simulated fracture width is 4 mm, and the
injected liquid displacement is 250 mL/min.

As can be seen from Figure 12, compared to the smooth
fractures, temporary plugging agents have a better plugging effect
on the rough fractures, mainly because there are a large number of
bumps on the surface of rough fractures, which will intensify the
collision of granular temporary plugging agents. The granular
temporary plugging agent will stop moving and accumulate at
the depressed position of the fracture, while the bumps on the
fracture wall will slow down the migration speed of fibers within the
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fracture, which will further slow down the migration speed of
granular temporary plugging agent, so as to achieve effective
plugging [44].

2.6 Field application

More than 40 wells in the Sichuan Basin have undergone
temporary plugging fracturing, which has significantly improved

Frontiers in Physics

the stimulation effect of tight gas, shale oil and gas, and ultra-deep
carbonate oil and gas reservoirs. Well SC1 is a horizontal well in the
Daanzhai section of the Sichuan Basin, with a reservoir temperature
of 89°C and a reservoir pressure coefficient of 1.65. The horizontal
section of SC1 is 1000 m long, with strong reservoir heterogeneity
and significant differences in porosity and permeability. In order to
improve the complexity of fracturing fractures, temporary plugging
fracturing technology was used in Well SCI. A total of 1700 kg of
fiber and 1700 kg of granular temporary plugging agent were added

10 frontiersin.org
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The pump injection pressure analysis of well SC1.

to the fracturing of Well SC1, and among them, there is 850 kg of
100 mesh granular temporary plugging agent, and 850 kg of
10/40 mesh granular temporary plugging agent. During the
fracturing process, the temporary plugging agent is uniformly
mixed in the linear glue with a viscosity of 30 mPas, and the
mixed liquid is injected into the formation through the fracturing
pump truck with an injection displacement of 1 m*/min.

After adding the temporary plugging agent, the fracturing
pressure increased by an average of 6 MPa.The pump injection
pressure analysis of well SC1 (Figure 13) shows that the G function
exhibits multiple jumping peaks and troughs, indicating that the
fracturing fracture has undergone multiple deflections and
expansion in the formation, which proves that the research
results in this paper can be used to guide the fracturing design of
Shale oil.

3 Conclusion

In this study, we clarified the migration rule of temporary
plugging agent in rough fractures through visualization and
plugging pressure testing, and confirmed that using fiber,
100 mesh granular temporary plugging agent, and 10/40 mesh
granular temporary plugging agent can achieve rapid and high-
strength plugging. Especially when the fiber concentration is
increased, the pressure onset time is significantly shortened,
which is conducive to the rapid formation of a sealing layer to
force the fracture to turn. This study has been widely used in the
stimulation of tight gas, shale oil and gas, and ultra deep
carbonate oil and gas reservoirs in the Sichuan Basin, and has
achieved good stimulation effects. Although this paper has
studied the migration law of temporary plugging agent in the
fracture, it still needs to be further improved. For example, it is
suggested to use high-strength transparent resin to make a
fracture seal pressure test system, and to be equipped with
high-speed cameras to capture the migration state of
temporary sealing agent in the fracture in real time, so as to

have a more intuitive understanding of the results.
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