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Temporary plugging and fracturing is an important technology for the efficient
development of unconventional reservoirs. Due to the diverse physical properties
of unconventional reservoirs and the complex stress environment, the evaluation
of temporary plugging effect needs to consider the working conditions in the
wells, and it also needs to focus on the transport and placement of temporary
plugging agent in the near-well fracture region, so it is impossible to predict the
effect of temporary plugging and fracturing effectively. In this paper, a numerical
simulation study is carried out to investigate the transport and placement of
temporary plugging agent in the near-well area, and a finite element model of
“wellbore-near-well fracture” is established based on computational fluid
dynamics, and numerical simulation and verification of temporary plugging
and fracturing are carried out based on the fiber-optic monitoring data of
temporary plugging and fracturing in Well A, as well as the optimization of
some construction parameters. The results show that: as the volume
concentration of temporary plugging agent increases, the temporary plugging
effectis weakened and then strengthened, and the temporary plugging agent will
enter into the heel cluster in advance when the concentration is small; at the
initial stage, the increase in the quality of temporary plugging agent will cause
some clusters to form incomplete plugging, but the quality of the plugging agent
will not be changed after the quality is greater than 360kg; the temporary
plugging effect is mainly reflected in the heel cluster, and the toe cluster is
not obvious. This paper forms a set of temporary plugging and fracturing
simulation methods based on the actual fiber-optic monitoring data in the
field, which provides a reference for the optimization design of the type,
particle size and dosage of temporary plugging agent during the temporary
plugging construction process.
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temporary plugging, numerical simulation, porous media, “wellbore-fracture” coupling
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1 Introduction

Unconventional reservoirs have the tendency to become the
main reservoirs in China in the future, but due to their low
permeability and high demand for artificial fracturing,
conventional fracturing process can only form a single symmetric
fracture, which is gradually unable to meet the demand, and
temporary plugging fracturing, which is capable of increasing
fracture complexity, has become an effective means; at the same
time, temporary plugging agent must be used when old wells are
repetitively fractured for production enhancement. (Xin et al., 2024).
In this context, the application of temporary plugging and fracturing
has become more and more widespread, for example, temporary
plugging and fracturing or temporary plugging and repeated
fracturing of old wells have been carried out in Tahe Oilfield,
Anse Oilfield, tight oil reservoirs of Ordos Basin An83 block,
Xinjiang Oilfield and Niuhu Sandstone Reservoir, and good
results have been achieved, but at present, there are still
shortcomings in the construction of temporary plugging and
fracturing. (ZHANG, 2018; JIANG et al., 2023; Xuesong et al., 2023).

The lack of effect prediction and optimization methods during
the temporary plugging and fracturing construction process has led
to the temporary plugging and fracturing construction still relying
on on-site experience and taking the change of pressure curves
during the construction as the basis of temporary plugging, resulting
in the temporary plugging and fracturing construction having poor
temporary plugging effect. (LI et al., 2016; XIE et al.,, 2021; Kai et al.,
2023). The design of temporary plugging agent dosage is not
reasonable enough, resulting in poor economy of temporary
plugging and fracturing construction and poor temporary
plugging effect. At present, the influencing factors of temporary
plugging construction effect in the construction process are not clear
enough, and there is insufficient research on the influence law of
single factor, which cannot exclude the influence of other factors and
lacks relevant theoretical support. (ZHENG et al., 2010; WU et al.,
2016; WANG et al,, 2019; Yifan et al., 2023).After investigation, the
current research on the prediction of temporary plugging
construction effect has limitations, and the amount of relevant
data is relatively small. In order to cope with the different
geological background and construction environment during each
construction, numerical simulation is a better research and
prediction method, so most of the research in this direction uses
numerical simulation. (WANG, 2016a).

For example, Lv Ruihua et al. simulated the temporary
plugging efficiency of temporary plugging ball in the shot hole
section, and adopted the DPM method in CFD software to judge
the temporary plugging according to whether the particle
trajectory passes through the shot hole or not in the
simulation results, and the DPM method is simple to calculate
and can reflect some of the particle trajectory. The DPM method
is simple and can reflect some of the characteristics of the
particles, but the particles in the DPM method do not have
the actual volume, so the particles must have passed through
the shot hole, but there is no guarantee that the temporary
plugging ball will remain stable in the shot hole after reaching
the shot hole during the actual construction, which is a limitation
of the DPM method. (LV et al., 2020). Zheng Chen et al. also used
the DPM method of the CFD software to carry out numerical
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simulation on the transportation of particles of the temporary
plugging agent in the rough crack, and investigated the particle
diameter, particle volume fraction, particle volume fraction, and
particle volume fraction of the temporary plugging agent.
However, the limitations of the DPM method still exist. The
particles simulated by this method do not have actual volume and
cannot form a volumetric plug, so although this method can be
used to judge the overall transport trend of the plugging agent
particles in the fracture, it cannot determine whether an effective
temporary plug is formed in the rough fracture. In addition to the
DPM method mentioned above. (Chen et al., 2022). Tian
Yingying simulated the transport of plugging agent at the
injection hole and near-well fracture area, and used the CFD-
DEM coupling method, which can take into account the force
interaction between particles, and the particles in the simulation
have the real volume, so that the effectiveness of plugging can be
judged according to whether the particles form a volumetric
blockage, which is a more accurate calculation, but at the same
time makes the calculation volume too large, and requires the
model to be more precise. However, it also makes the calculation
too large, which requires that the geometric scale of the model
should not be too large and the number of particles should not be
too many. Due to this limitation, Tian simplified the model to the
wellbore at the section of the shot hole with a single shot hole and
a single microscopic fracture connected to the shot hole without
considering the existence of the shot hole aperture. (TTAN, 2019).
Qin Hao et al. also simulated the particle transport of the
temporary plugging agent by using the coupling method of
CFD-DEM, but the study area is limited to the fracture within
the plugging area, which is the only area that is considered as a
part of the plugging agent. However, the study area is limited to
the cracks. (QIN, 2021). Feng Yi also used the CFD-DEM
coupling method to simulate the particle transport of
temporary plugging agent in the cracks, and the study area is
also limited to the cracks, but the special feature of Feng Yi’s
study is that the numerical simulation is designed to cooperate
with the physical simulation, and the modeling of the crack
model in the numerical simulation is based on the results of
the sweep of the physical model, which is a more realistic
approach but has higher cost and less generalizability. In the
CFD simulation of fracturing fluid and proppant transportation.
(Yi, 2023). Wang Boxue considered the existence of shot hole
channel, but simplified the shot hole channel into a simple flow
channel model of “surrounding wall and end face outlet”, which
ignored the characteristics of seepage of fluid from the
surrounding of the shot hole channel. (WANG, 2016b). It can
be seen that different simulation methods have been adopted for
the simulation of the temporary plugging agent transport and the
prediction of the temporary plugging effect during the temporary
plugging and fracturing, and the simplification and improvement
have been made according to the characteristics of different
simulation methods, but due to the limitations of the different
simulation methods, there are still some improvements in the
simulation methods. (SUN et al., 2012). Therefore, in order to
make up for the shortcomings mentioned above, and to provide a
reliable basis for the determination of the parameters and the
prediction and judgment of the temporary plugging effect during
the temporary plugging construction, a simulation research
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method that is more convenient to calculate, more in line with the
actual situation, and takes into account the characteristics of the
shot hole channel has become an urgent problem to be solved.
(Li, 2006).

After consideration, compared with the in-fracture region, the
shot hole channel and near-well fracture region have a more
important position in temporary plugging and fracturing.
Therefore, we choose to simulate the temporary plugging agent
transportation for this region. To this end, the CFD software Fluent
is used to establish a finite element model of the “wellbore-near-well
fracture region” on the premise of seepage of fluid around the
injection hole, and then combined with the Standard k-¢ turbulence
model and the Euler model, the two-phase flow simulation method
of solid-liquid flow in the plugging fracturing is finally established.
(Yong et al, 2023). The solid-liquid two-phase flow simulation
method was finally established. As the Euler method has its own
limitations, the calculation of Euler method is simple, and the
particles in the calculation have the real volume, but it simplifies
the solid-phase particles into a continuous fluid, which can not form
a volume blockage, so we borrowed the research results of
Yamaguchi E and others, and used the formula to determine the
volume fraction of the plugging agent particles with different particle
sizes that form a volume blockage inside the injection hole to
determine the effect of temporary plugging, and used the
temporary plugging agent particles of well A to determine the
effect of temporary plugging. (Dongfeng et al.,, 2022). In order to
determine the temporary plugging effect, the monitoring data of
fiber optic fiber for temporary plugging and fracturing of well A was
used as the benchmark to study the effects of temporary plugging
agent concentration, quality of temporary plugging agent, and ratio
of temporary plugging agent particle size on the temporary
plugging effect.

2 Numerical modeling

The Euler model, the porous media module and the Standard k-¢
turbulence model are used to simulate solid-liquid two-phase flow in
temporary fracture plugging. The Euler model is used to simulate
multiphase flow and granular flow; the porous media module is used
to simulate seepage in the near-well fractures and pores, this makes
it possible to take into account the seepage of fluid around the
perforation depth; and the turbulence of the fracturing fluid is
controlled by the Standard k-¢ turbulence model.

2.1 The euler model

The Euler model allows for more complex simulations than
other multiphase flow models and is more stable in its calculations.
It is dominated by the
conservation equation.

volume fraction equation, the

2.1.1 The volume fraction equation
The q-phase volume fraction Vq is calculated as:

V= Jvaqu (1.1)
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where aq is determined by the following equation:

Z;laq =1 (1.2)

2.1.2 The conservation equation
(1) Conservation of mass equation

The conservation of mass equation for q-phase is calculated as:

o agp R . .
(aqt q) +V- ((xqpqvq) = szl(mpq - mqp) +$, (1.3)

In the equation, ¥,---- the velocity of q-phase q.
#pg---- mass transferred from p-phase to g-phase, 714, in the
same way.

(2) Conservation of momentum equation

The conservation of momentum equation for q-phase is
calculated as:

3 o
% +V- ("‘qpqquQ) =0 Vp+V T4+ a9

+ Z;=1(RPQ gV — Tty Tp )

+ (?q + Flift,q + le,q + ﬁvm,q + ?td,q)

(1.4)

In the equation, 7,---- stress-strain tensor in the g-phase.

ﬁq, Ey; fra ﬁwl,q, va,q, ﬁ,M---- q-phase bulk forces; q-phase
buoyancy, lift forces; q-phase wall forces; q-phase imaginary mass
forces; q-phase turbulent dispersion forces.

f{pq-——— interphase forces

2.2 The porous media module

The porous media module is a computational model for
simulating the state of seepage, which is mainly controlled by the
momentum equation. (QIN, 2021).

The momentum equation is calculated as:

3 3 1
Si = _(Zj:lDij‘uVj + Z},:IC,-jszvj)

In the equation, S; --- the source term of momentum in the

(1.5)

i-direction.

[v]--- the magnitude of the velocity.

D,C---the prescribed matrix.

The mobility of porous media is also influenced by the particle
size of the filled particles (Yi, 2023), with the target block, for
example, dominated by medium conglomerate particles with a
particle diameter of 8-32 mm as a reference (WANG, 2016Db).

2.3 The Standard k-¢ turbulence model

The Standard k-¢ turbulence model is mainly controlled by the
transport equations and other constants.
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2.3.1 The transport equations

o(pk), 3(pk) |+ 5) 8]

G +Gyp—pe-Y 1.6
o T ax ox,  TORtGpemYar (16)
M\ 0
d(pe) O(peu;) a[(” + Z) Wj] € &
= Cie7 (Gk + G3,Gp) — Cop—
o | ox ax; O (Grt GauGr) = Capp
(1.7)
In the equation, k --- turbulent kinetic energy.
E --- dissipation rate.
Gy --- turbulent kinetic energy, generated by the mean
velocity gradient.
Gy, --- turbulent kinetic energy, generated by buoyancy.
Yy --- contribution of pulsating expansion to the total
dissipation rate in compressible turbulent flows.
Cie Cye --- constants.
O, Oy --- turbulent Prandtl number.
2.3.2 Turbulent viscosity models
K2
U = pCﬂ? (1.8)

In the equation, C,---constants.

n
Common values for the constants in the above equations are

Cie = 144, Gy, = 1.92, C, = 0.09, 0, = 1.3, 0 = 1.0.

2.4 "Wellbore-fracture” model

In other previous CFD proppant simulation studies, the
injection depth is often simplified to a simple flow channel
model of surrounding wall + end outlet, ignoring the
characteristics of seepage outflow around the part of the injection
depth. In order to optimize the simulation study method, the
wellbore-near-well fracture area model was established by using
the porous medium model in CFD software Fluent.

The wellbore-near-well fracture model consists of two models: the
wellbore and the near-well fracture region, and the two separate
calculations are connected by exporting the Profile file. Because the
overall shape of the near-well fracture network formed by the injection
hole is similar to a fan, the near-well fracture region model is simplified
to an annulus with an outer diameter of 1 m and a thickness of 0.5 m,
which is close to the outer wall of the wellbore; in order to solve the
problem of ignoring the seepage of fluid around the injection depth in
the previous simulation studies, the near-well fracture region model is
divided into two parts: the injection depth and the porous medium, with
the tubular flow in the injection depth and the simulated porosity and
near-well fracture region model in the porous medium. The seepage in
the porous medium and the near-well fracture is modeled. The
modeling is shown in Figure 1.

The majority of the computational domain is meshed using
unstructured grids, with a total of 107,260 grids for the near-well
fracture region model and a median grid mass Skewness = 0.33;
475,221 grids for the wellbore model and a median grid mass

Skewness = 0.3; the grid mass is good.
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The perforation depth
(Tube flow)

The porous medium

(Seepage)

FIGURE 1
Well model and Near-wellbore fracture zone model.

2.5 Basic parameters of calculation

This calculation takes the temporary plugging and fracturing
of Section 5 of well A as an example, with a well diameter of
139.7mm, a shot hole diameter of 10.2mm, a well section length
of 133m, a total of 6 clusters, an average discharge rate of
0.853 m*/min, a temporary plugging agent density of 1250 kg/
m?, and three types of temporary plugging agent particle sizes
including 3, 5-10 mm and 20/60 mesh. Specific well conditions
are shown in Table 1.

According to the field construction data, the temporary plugging
agent injection time is 300s, and the calculated time step (Time Step)
is set to 1s, with 20 iterations per time step.

2.6 CFD model validation

Model validation based on fiber-optic monitoring data of
temporarily plugged fracturing section 5 of well A. The basic
steps are.

(1) Fine tuning with export parameters to replicate the
distribution of fluid
temporary plugging and fracturing.

(2) Determine the plug formation criteria for the plug fracturing

intake in each cluster before

simulation.
(3) Comparison of fibre-optic monitoring data with simulation
results for verification.

The reason for step (1) is that the formation pressure in the near-
well fracture area will change after the perforation, so the main
reason is to fine-tune the pressure at the exit (perforation) to
reproduce the distribution of fluid intake in each cluster before
temporary plugging, so as to determine the actual pressure in the
vicinity of each cluster after the perforation, so as to improve the
realistic reliability of the subsequent simulation.

2.6.1 Reproduction of fluid intake before
temporary plugging

The reproduction of the distribution of the intake volume of
each cluster before temporary plugging is shown in Figure 5. The
overall distribution trend of the intake volume of each cluster
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Recurrence of fluid distribution before temporary plugging in Section 5 of Well A

custer s [
cuuster 4 [
cluster 3 [
custer 2 [

0.009 10.009 20.009

30.009

Actual distribution of fluid intake m

Simulated distribution of fluid intakem

40.00% 50.00% 60.009

Percentage /9,

FIGURE 2

Recurrence of fluid distribution before temporary plugging in Section 5 of Well A.
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FIGURE 3
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Optical fiber monitoring results before temporary plugging in Section 5 of Well A (fluid intake).

TABLE 1 Specific well condition of Section 5 of well A

Cluster 1 11.86
Cluster 2 12.87
Cluster 3 13.29
Cluster 4 12.88
Cluster 5 12.90
Cluster 6 11.29

obtained from the simulation is similar to the actual situation, and
the average percentage difference is 14.44%, which is less than 15%,
so the reproduction situation is good.

Based on the fibre-optic monitoring data and simulation results,
Cluster 1 and Cluster 6 were found to be the main clusters feeding
the fluid, with Cluster 6 being particularly important, with the
amount of fluid feeding Cluster 1 starting to decrease later.

Frontiers in Chemical Engineering

05

Order of clusters Minimum horizontal principal stress (MPa) Distance to next cluster

34.96 m
2391 m
24m
2421 m

241 m

2.6.2 Perforation depth plugging criteria

Due to the principle of CFD software calculations, it is not
possible to form a real blockage and therefore a manual analysis
based on the calculation results is required to determine the
provisional blockage results. According to (TIAN, 2019), the
majority of blockages formed by particles in circular flow
channels are “bridging” blockages, and chemical blockages are

frontiersin.org


https://www.frontiersin.org/journals/chemical-engineering
https://www.frontiersin.org
https://doi.org/10.3389/fceng.2024.1324907

Jingchen et al.

10.3389/fceng.2024.1324907

A Volume fraction (phase-2)
4.14e-0:
4.04e-0:

3mm temporary
plugging agent

O
=3

)
{3333
O

N
PPO 0!

= NGO B LN DY OO
éggg99ggggooooooooooooooooooooooooo OO

2

BeEERese

Pt
SR

P09

52

$8583%

e
d

DO = == NININI WD = A0 Saih

LGl

c Volume fraction (phase-4)
1 7e-

plugging agent

N
@

Cluster 1 Cluster 6

FIGURE 4

B Volume fraction (phase-3)
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Cluster 1 Cluster 6

20/60 mesh temporary

D ¢ 1 02 03 04 05 06 07 02 s 1
.

FullTimeAcousticFullBand:10-5000Hz
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(A) 3 mm volume fraction of temporary plugging agent in the first and sixth clusters; (B) 5-10 mm volume fraction of temporary plugging agent in
the first and sixth clusters; (C) Volume fraction of 20/60 mesh temporary plugging agent in the first and sixth clusters; (D) Optical fiber monitoring data of

temporary plugging fracturing in Section 5 of Well A (fluid intake).

more difficult to form. Therefore, the volume fraction can be used to
determine whether a successful plug is formed at the perforation
depth, as determined by Equations 1.9)—(1.14), (SUN et al., 2012),

dp
— 1.9
D (1.9)
czrle Z 7TSIIl< (2?’1 _ 1)R> (110)
1
k_5(1 T) (L.11)
(R) = N8 (1.12)
g = 3\/ﬁ cirle .
N= 3885.75( (1.14)
In the equation, d,, ---- particle diameter.
D ---- diameter of the flow channel.

Frontiers in Chemical Engineering

{ ---- volume fraction.

After N and N, are obtained, N > N, needs to be satisfied in
order to indicate that the particles are causing flow channel blockage.
According to the calculation of temporary plugging agent particle
size 3mm, 5-10mm, 20/60 mesh, and perforation depth diameter
10.2mm, if temporary plugging needs to be formed at the
perforation depth, the volume concentration of the three
temporary plugging agents within the perforation depth need to
reach (3mm = 0.414%, (5_10mm = 0.00716% and (50/60 mesh = 51.7%
respectively.

2.6.3 Validation of temporary plugging
simulation results

Add 140 kg of 3 mm temporary plugging agent, 40 kg of 5-10 mm
temporary plugging agent and 180kg of 20-60 mesh powder
temporary plugging agent, as for construction. Based on the amount
of sand entering each cluster, it can be seen that the temporary plugging
agent mainly entered Cluster 1 and Cluster 6, which is consistent with
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B Cc
5-10mm temporary
plugging agent
‘ 20/60 mesh temporary
plugging agent
FIGURE 5

(A) Temporary blocking situation of the fifth cluster when the concentration of temporary plugging agent is 0.78%; (B) Temporary blocking situation
of the first cluster when the concentration of temporary plugging agent is 1.56%; (C) T Temporary blocking situation of the first cluster when the
concentration of temporary plugging agent is 3.12%.
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the distribution of the temporary plugging forward fluid, and the  near-well fracture area containing the most sand-prone perforation
temporary plugging agent mainly entered the dominant cluster with 1 and perforation 3, as shown in Figures 3, 4.

the fluid. Therefore, the situation is mainly shown at the near-well Based on (a), (b) and (c) in Figure 4, it can be seen that none of
fracture area in clusters 1 and 6 (Figure 2), with the middle face of the ~ the three particle size temporary plugging agents formed a plug
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(A) Temporary blocking situation of the sixth cluster when the concentration of temporary plugging agentis 0.78%; (B) Temporary blocking situation

of the sixth cluster when the concentration of temporary plugging agent is 1.56%; (C) Temporary blocking situation of the sixth cluster when the
concentration of temporary plugging agent is 3.12%; (D) Temporary blocking situation of the sixth cluster when the concentration of temporary plugging
agent is 6.24% (The blank space means temporary blockage, fluid can't flow).

within cluster 1; however, the 3 mm particle size temporary plugging
agent formed an aggregation of 0.145%-0.155% by volume in some
areas within the perforation depth of cluster 6, creating an
incomplete plug.

According to (d) in Figure 4, it can be seen that the amount of
incoming fluid in Cluster 6 gradually decreases when the fluid is

Frontiers in Chemical Engineering

injected again after the temporary blockage, but does not disappear
completely, and it can be assumed that the temporary blocking agent
has formed an incomplete blockage in Cluster 6.

As a result, the results of the simulations and the results of the
temporary plugging and fracturing fibre monitoring agree with each
other, proving the reliability of the model.
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FIGURE 7

10.3389/fceng.2024.1324907

(A) Liquid phase velocity in the heel end cluster of the wellbore; (B) Liquid phase velocity in the toe end cluster of the wellbore.

3 Optimisation of temporary plugging
construction parameters

On the basis of proving the reliability of the model, the
temporary plugging effect obtained from the monitoring of the
temporary plugging and fracturing fibre optics in Section 5 of well A
is taken as the benchmark, and three construction parameters,
namely, the concentration of temporary plugging agent, the mass
of temporary plugging agent and the ratio of temporary plugging
agent particle size, are simulated in the form of orthogonal
experiments, and the calculation results are compared with the
temporary plugging effect in Section 5 of well A to achieve the
effect of parameter optimisation, so as to answer the practical
question of “how much concentration, how much quantity and
what particle size to add” for the temporary plugging and fracturing
construction site.

3.1 Temporary plugging agent
concentration

The volume fraction of the temporary plugging agent at the time
of temporary plugging construction in Section 5 of well A was 1.56%,
and based on this, simulations were carried out for three other
groups of temporary plugging agent injection concentrations, which
were 0.78%, 3.12% and 6.24% by volume. According to the
calculation results, the temporary plugging agent mainly enters
Cluster 5 and Cluster 6 when the temporary plugging agent
concentration is 0.78%; when the temporary plugging agent
concentration is 1.56% and 3.12%, the temporary plugging agent
mainly enters Cluster 1 and Cluster 6; when the temporary plugging
agent concentration is 6.24%, the temporary plugging agent mainly
enters Cluster 6.

3.1.1 Comparison of simulation results

The calculated results of the four groups of temporary plugging
agent concentrations were compared and analysed, and the results
are shown in Figures 5, 6.

Frontiers in Chemical Engineering

According to Figure 5, when the temporary plugging agent
concentration is 0.78%, a certain degree of temporary plugging
agent buildup is formed in the fifth cluster, but it is not located at
the perforation depth. Therefore, the buildup of temporary
plugging agent had some influence on the flow of fluid but
did not form a blockage; at 1.56% and 3.12% of the
temporary plugging agent concentration, although a certain
mass of temporary plugging agent entered Cluster 1, no
buildup and blockage were formed, which had little influence
on the flow.

According to Figure 6, the temporary plugging effect of
6 first then with the
concentration of temporary plugging agent increasing:At a

cluster decreases and increases
temporary plugging agent concentration of 0.78%, 3 mm
temporary plugging agent and 5-10 mm temporary plugging
agent form an effective temporary plug in and around the
depth; at a

concentration of 1.56%, only 3 mm of temporary plugging

perforation temporary  plugging agent
agent formed an incomplete plug at the perforation depth; at
3.12% and 6.24% temporary plugging agent concentration, both
3mm and 5-10 mm temporary plugging agent formed plug at the
perforation depth, and the temporary plugging area was larger at
6.24% concentration.

In summary, as the concentration of temporary plugging agent
increases (0.78%, 1.56%, 3.12%, 6.24%), the temporary plugging
effect first decreases and then increases. The temporary plugging
effect was mainly seen in cluster 6; the worst effect was seen at 1.56%
and the best at 6.24%; although the temporary plugging agent
entered all other clusters, the effect was minimal.

3.1.2 Analysis of the causes of the phenomenon

Analysis of the causes of the relevant patterns and special cases
that emerge from the simulation of different temporary plugging
agent concentrations.

(1) Unlike other cases, at a temporary plugging agent
concentration of 0.78%, the temporary plugging agent entered
mainly clusters 5 and 6, rather than clusters 1 and 6, which are
the main feed clusters, unlike field experience.
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By combining the distribution of temporary plugging agent
and liquid flow direction in the well, it is found that it is due to
the small inertia of temporary plugging agent particles when the
concentration of temporary plugging agent is too small,
resulting in a smaller Stokes number, and the particles are
more likely to change their movement direction with the
liquid phase flow, as shown in Figure 7, the flow rate of the
liquid phase in the heel cluster is much higher than that in the
toe cluster, so at a concentration of 0.78%, the plugging agent is
more likely to flow with the liquid phase at the heel end and enter
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the heel cluster, and it can not move to the area near the
toe cluster.

(2) With the concentration of temporary plugging agent
increasing, the temporary plugging effect of cluster 6, which is
first decreases and then and
temporary plugging effect does not show a positive correlation

the most obvious, increases,
with temporary plugging agent concentration. Combined with
the previous conclusion that “the plugging agent particles are
more likely to enter the heel cluster earlier with the liquid phase
at 0.78% of the plugging agent concentration”, it can be concluded
that this phenomenon is also the reason why the plugging effect of
cluster 6 at 0.78% of the plugging agent concentration is better than
that of cluster 6 at 1.56% of the plugging agent concentration: When
the temporary plugging agent concentration reaches 1.56%, the total
mass of temporary plugging particles passing through the wellbore
section per unit time increases, and the inertia of the temporary
plugging agent increases, gradually shifting towards the toe end of
the wellbore and dispersing the temporary plugging agent particles
entering the cluster at the heel end, and the temporary plugging
effect of cluster 6 at the toe end naturally decreases compared to the
temporary plugging agent concentration of 0.78%; after that, as the
temporary plugging agent concentration increases, the temporary
shows a complete positive

plugging effect of cluster 6

correlation with it.

3.2 Temporary plugging agent mass

A total of 360 kg of plugging agent was injected during the
temporary plugging and fracturing of section 5 of well A. Using this
as a benchmark, the temporary plugging situation was studied when
180 kg and 540 kg of plugging agent were injected respectively, while
keeping other conditions unchanged, and it was found that the
plugging agent still entered clusters 1 and 6 as the main fluid intake
clusters. The situation is shown in Figures 8, 9.

3.2.1 Comparison of simulation results

According to Figure 8, the temporary plugging of Cluster 1, one
of the main feed clusters, did not change significantly with the mass
of the injected temporary plugging agent changes.

According to Figure 9, at the beginning of the injection of the
temporary plugging agent, for example, in Figure 9A, the amount of
temporary plugging agent is too small to affect the flow of the fluid
around cluster 6 when 180 kg temporary plugging agent is injected;
with the mass of injected temporary plugging agent increasing, for
example, in Figure 9B, at 360 kg, the 3 mm temporary plugging
agent starts to form an incomplete plug at the sixth cluster
perforation depth position. After the temporary plugging agent
has formed an incomplete plug in cluster 6, the mass of
temporary plugging agent injected is still increased, taking (c) in
Figure 9 as an example, compared to the temporary plugging
situation when 360 kg plugging agent is injected, there is no
significant change in the temporary plugging situation near the
perforation when 540 kg is injected.

3.2.2 Summary of the regularity

In summary, the mass of the temporary plugging agent has an
influence on the effectiveness at the initial stage of temporary
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FIGURE 9

(A) Temporary blocking situation of the first cluster when the temporary plugging agent’s mass is 180kg; (B) Temporary blocking situation of the first
cluster when the temporary plugging agent’s mass is 360kg; (C) Temporary blocking situation of the first cluster when the temporary plugging agent's
mass is 540 kg.

plugging, and the absolute quantity of temporary plugging agent is  level and the plugging effect is stable, for example, in Section 5 of
too small to affect the fluid in the vicinity of the perforation cluster. ~ well A, around 360kg, the influence of increasing plugging agent
However, once the injected plugging agent mass reaches a certain  mass on the plugging effect becomes very low.
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TABLE 2 Simulation calculation scheme of particle size ratio of temporary plugging agent.

Particle Size (Original share) Increasing the 3 mm Increasing the Increasing the 20/60 mesh
share (%) 5-10 mm share (%) share

3 mm(38.89%) 50 60% 35 30.625% 31.112% 23.334%
5-10 mm(11.11%) 9.09 7.27% ‘ 20 30% 8.888% ‘ 6.666%

20/60 mesh(50%) 40.91 32.73% ‘ 45 ‘ 39.375% 60% ‘ 70%

A B C
o\ i o\

z’G’ # i 246«' 4

FIGURE 10

(A) Temporary blocking situation of the sixth cluster when the temporary plugging agent’s mass is 180 kg; (B) Temporary blocking situation of the
sixth cluster when the temporary plugging agent’'s mass is 360 kg; (C) Temporary blocking situation of the sixth cluster when the temporary plugging
agent’'s mass is 540 kg.
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FIGURE 11
Examples of temporary plugging simulation of all particle size ratio of temporary plugging agent.

3.3 Temporary plugglng agent particle temporary plugging agent is 140 kg, the mass of 5-10 mm
size ratio temporary plugging agent is 40 kg and the mass of 20/60 mesh
temporary plugging agent is 180kg, so the mass fractions of 3 mm

A total of 360 kg of temporary plugging agent was injected  temporary plugging agent is 38.89%, the mass fractions of
during the fracturing of Section 5 of well A, the mass of 3mm  5-10 mm temporary plugging agent is 11.11% and the mass
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fractions of 20/60 mesh temporary plugging agent is 50%. Using
this as a benchmark, the mass fractions of the three particle size
temporary plugging agents were increased in turn and
simulations were carried out, the details are shown in Table 2.

According to the calculations, when adding 3 mm share and
5-10 mm share, the temporary plugging agent still enters mainly
Cluster 1 and Cluster 6 (Figure 10). When adding 20/60 mesh
temporary plugging agent share, a certain amount of temporary
plugging agent enters each perforation cluster, resulting in a
relatively uniform distribution of temporary plugging agent
compared to other particle size solutions.

The results of the calculation of each temporary plugging agent
particle size ratio are shown in Figure 11. As the results are similar,
the temporary plugging situation of first cluster when the mass
fraction of 3 mm temporary plugging agent is 60% which is used as
an example.

When the mass fraction of 3 mm temporary plugging agent is
increased to 50% or 60%, the incomplete plug within cluster
6 disappears, the increase of the amount of 3 mm temporary
plugging agent leads to an increased chance of collision, resulting
in failure to enter the perforation; if the mass of injected temporary
plugging agent and the mass fraction of 20/60 mesh temporary
plugging agent are continuously increased, plug may be formed
again, but it is not consistent with the actual site.

In summary, according to the simulation results, after adjusting
the temporary plugging agent particle size ratio for the temporary
plugging and fracturing of Section 5 of well A, the temporary
did not
indicating that the

plugging effect of the six scenarios
but
temporary plugging agent particle size ratio has less influence on

the success of plug under the conditions of the actual temporary

show any

improvement, rather a decrease,

plugging agent mass in the field, and also indicating that the current
temporary plugging agent particle size ratio of Section 5 of well A is
more appropriate.

4 Summary

(1) According to the simulation study, it is found that the
construction parameters in the temporary plugging and
fracturing construction have the following influences on
the temporary plugging effect
temporary plugging agent concentration > temporary

in descending order:

plugging agent quality > temporary plugging agent particle
size ratio, among which, the concentration of the temporary
plugging agent has a significant influence on the temporary
plugging effect, and the magnitude of the concentration of the
temporary plugging agent has a direct correlation with the
effect of the temporary plugging.

The simulation found that when the concentration of temporary
plugging agent is too small, due to the small inertia, it is easy to
enter the heel cluster with the fracturing fluid in advance, and
the possibility of entering the main feed cluster is reduced, thus
affecting the effect of temporary plugging, which is less
mentioned in the previous research, and the range of the
suitable concentration of the temporary plugging agent
should be clarified, and according to the simulation results of
this paper, it is appropriate to control the concentration of the
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temporary plugging agent at the vicinity of 3.7% in the
temporary plugging and fracturing construction. According
to the simulation results of this paper, it is more appropriate
to control the plugging agent concentration near 3.7% during
the temporary fracturing construction.
(3) The “wellbore-near-well fracture model” established in this
paper is divided into two parts for calculation, and the profile
file is exported for connection, so that injection clusters and
injection apertures are included in the scope of consideration,
and at the same time, the Euler method and the formula for
determining the volume fraction required for plugging are
utilized, so that the DPM method and CFD-CFD can be
avoided. At the same time, the Euler method and formula are
utilized to determine the required volume fraction for
plugging, which avoids the disadvantages of the DPM
method and the CFD-DEM coupling method, and the
simulation results obtained in this paper are more in line
with the actual situation in the field compared with the
conclusions of the previous researchers in this area.
In order to take the shot hole cluster and shot hole
perforation into consideration, the model in this paper

(4)

is divided into two parts for calculation, which increases
the complexity of the simulation. In the future, we can
consider making efforts in the direction of building the
shot hole section of the wellbore, the shot hole perforation,
and the near-well fracture region into the same model, and
using suitable calculation methods for simulation, which
can simplify the simulation process.

The simulation method of temporary plugging and fracturing
is validated by fiber-optic monitoring data, and it can be used
to simulate temporary plugging and fracturing under
different working conditions, and to optimize the design of
temporary plugging agent concentration, displacement and
other parameters.
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