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Migration and settlement of temporary plugging particles of different sizes affect the effect of temporary plugging, which in turn
affect the effect of reservoir reconstruction. However, the migration and settlement laws of temporary plugging particles in
horizontal wellbore are still unclear. In order to study the migration and settlement laws of temporary plugging particles in
horizontal wellbore, a set of multicluster perforation physical model experiment device for horizontal wells was built. Based on
this experimental device, the effects of mass ratio, pumping rate, and adding sequence on the migration and settlement laws of
temporary plugging particles were studied, respectively. The experimental results show that the 3mm temporary plugging
particles move forward in a leaping manner at the bottom of the horizontal wellbore and the 1mm particles are distributed in
layers in the horizontal wellbore, and the particles are less in the upper part of the wellbore and more in the bottom of the
wellbore. The migration trajectory of the two mixed particles is similar to the single. Under different mass ratio, the settlement
mass of particles in the perforation clusters at the outlet end is greater than that in the entrance end. When the 3mm particles
account for a relatively large amount (m3mm : m1mm = 5 : 1), the settlement mass of the particles in the two perforation clusters
is greater than other mass ratio conditions. For the same perforation, the settlement mass becomes greater as the proportion of
3mm increases. When only 3mm particles are considered, with the increasing of displacement, the mass of particles in the
perforation clusters at the inlet end increases, and the mass of particles in the clusters at the outlet end decreases. With the
increase of displacement, the sedimentation mass of particles in high angle perforations decreases, while the sedimentation
mass in other perforations increases. Adding 3mm first and then 1mm particles, the particle settlement mass in the
perforation cluster at the outlet end is twice the mass of the particles in the perforation cluster at the inlet end. Reversing the
sequence, the settlement masses of the particles in the two clusters are almost equal. The particle distribution in the
perforation at different angles has obvious gradation. The smaller the angle, the greater the settlement mass of the temporary
plugging particles. This research results will provide reference for temporary plugging and fracturing construction.

1. Introduction

The tight reservoirs generally have the characteristics of the
poor physical properties and low production, so the fractur-
ing is needed for production [1–4]. However, the reservoir
reconstruction needs temporary plugging and fracturing,
and good temporary plugging particles are of great signifi-
cance to the temporary plugging and turning of hydraulic

fractures [5]. During the pumping process of temporary
plugging particles, particles migrate and settle in the hori-
zontal wellbore, which ultimately affects the plugging effect.
Therefore, it is necessary to study the law of particles migra-
tion and settlement in horizontal wellbore.

Regarding the migration and settlement of temporary
plugging particles in the wellbore, there are few publications
at home and abroad. Therefore, we can draw lessons from
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other researches, such as proppant, and provide reference
for the study of the migration and settlement law of tempo-
rary plugging particles in horizontal wellbore. The labora-
tory experiment is one of the important means to
investigate the migration and settlement laws of temporary
plugging particles and can directly observe the migration
and settlement of temporary plugging particles in the well-
bore. Scholars at home and abroad have done a lot of
research on the migration and settlement of proppant. Since
1960s, Stokes [6] has studied the free settlement law of a sin-
gle particle in an ideal state, deduced the relationship
between the drag coefficient and Reynolds number accord-
ing to Reynolds number, established the particle settlement
model of Newtonian fluid in different flow regimes, and also
studied the settlement law of the proppant in non-
Newtonian fluid. The distribution of the proppant during
horizontal well fracturing was studied [7–10]. These experi-
ments considered the influence of almost all construction
parameters. The critical settlement and suspension velocity
were recalculated, and the relevant formulas were given.
Xu and Zhou [11] studied the influence of proppant, fractur-
ing fluid properties, pipe sizes, and radius of curvature on
the critical settlement velocity based on the existing prop-
pant settlement laws and other experimental laws and
obtained a new formula for calculating the critical settlement
velocity. Hannah et al. [12] used a concentric circle device to
analyze the settlement velocity of the proppant. Among
them, the focus was on the impact of cylinder wall, concen-
tration, and shear on non-Newtonian and Newtonian fluids.
He thought that a more in-depth analysis of the settlement
velocity of non-Newtonian fluids under shear will be of great
significance. Harrington et al. [13] and Novotny [14] et al.
studied the proppant settlement in two fluids, noncross-
linked and cross-linked. It was found that in the cross-
linked gel, the error between the research results and the set-
tlement velocity calculated by Stokes’ law was very obvious.
At the same time, Clark et al. [15] and [16] pointed out that
the results obtained by using the parallel device and the con-
centric device and the settlement velocity calculated by
Stokes’ law also had significant errors. [17] gave the influ-
ence of fracture size and proppant concentration on the
overall migration law of proppant and found that the larger
the proppant particles and the higher the concentration, the
slower the migration speed. Mei et al. (2006) investigated the
particle migration, deposition, and plugging mechanism in
the porous media, network model, the interconnected pore,
and throat network on the basis of reservoir pore structure,
which was applied to the optimization of temporary plug-
ging particles in the temporary plugging techniques. Bokane
et al. [18] and Jain [19] et al. studied the effects of pumping
displacement and perforation clusters on the proppant
migration through horizontal wellbore proppant diversion
experimental devices. Ngameni [20] used a self-developed
horizontal wellbore simulation device to study the effect of
perforation clusters on proppant migration. Zhang et al.
[21] established the Euler-Euler two-phase flow model to
study the transport and settlement behavior of proppant
during clean water fracturing and studied the flow law of
proppant under different inlet velocity and position, sand

density, and other parameters. Zhang [22] conducted an
experimental study on the sedimentation behavior of single
particle proppant in slickwater fracturing fluid on the basis
of considering the sedimentation law of solid particles. Pan
et al. [23] studied the influence of pumping displacement,
liquid viscosity, and proppant particle size on the proppant
migration by using a horizontal transparent wellbore con-
taining multiple clusters of perforations. Mao et al. [24]
studied proppant delivery under real-scale pumping plans
(multisize proppants and different concentrations) on site
scale and quantitatively evaluated the impact of proppant
plans on the production of slickwater fractured wells. How-
ever, it can be found that no publications have discussed
the migration and settlement of temporary plugging parti-
cles in horizontal wellbore. In this paper, we will further
study this issue.

Based on the above discussion, the migration and settle-
ment laws of temporary plugging particles in horizontal
wellbore are still unclear. In the paper, based on the self-
built visual horizontal wellbore, we investigated the migra-
tion and settlement of particles in the horizontal wellbore.
First, we set up a visual wellbore for studying particle migra-
tion and settlement. Second, we studied the migration law of
particles with different sizes in horizontal wellbore when
they exist alone or mixed. Third, under that condition that
particles with different sizes are combined according to dif-
ferent mass ratio, the law of particles entering the perfora-
tions (clusters) was studied. Subsequently, we discussed the
mass of particles settled in different perforations (clusters)
under different pumping displacements. Finally, by chang-
ing the adding order of particles with different sizes, we
investigated the settlement laws of particles in different per-
forations (clusters).

2. Experiment Preparation

2.1. Visualized Migration Experiment. We injected the pre-
pared carrier liquid into the liquid storage tank in advance,
pumped the carrier liquid into the visual artificial horizontal
wellbore by using the sediment submersible pump, and
waited for the liquid to fill the wellbore and stabilize. Then,
different types of temporary plugging particles were added
and fully stirred. Under different conditions, the migration
and settlement of particles in the horizontal wellbore and
perforations were different.

Maintain the pumping state and observe the migration
trajectory of temporary plugging particles in horizontal well-
bore through visual wellbore model; at the same time, the
settlement mass of temporary plugging particles in each
perforation or cluster is counted. Through the quantitative
analysis of the experimental results, the migration and settle-
ment laws of temporary plugging particles in the horizontal
wellbore are obtained.

2.2. Experimental Device. The experimental device consists
of a liquid storage tank, an electric submersible pump, a
visualized horizontal wellbore, a frequency converter, and a
stirring rod, as shown in Figures 1(a) and 1(b). Among
them, the storage tank has a volume of 0.1m3. The
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maximum displacement of the electric submersible pump is
0.11m3·min-1, its frequency is adjustable, and the maximum
frequency is 50Hz. All experimental displacements in the
article are 0.11m3·min-1, 0.10m3·min-1, 0.09m3·min-1, and
0.08m3·min-1, respectively. The angles of the perforations
(P) 2 and 5 are 0°, the angles of P1 and P4 are 75°, and the
angles of P3 and P6 are 60°. Especially, we designate P1,
P2, and P3 at the outlet as cluster 2 (C2), and P4, P5, and
P6 at the inlet as cluster 1 (C1). The detailed parameters of
the device are shown in Table 1.

2.3. The Experimental Materials. The temporary plugging
particles are independently developed by the laboratory.
The temporary plugging particles used in the experiment
are copolymers of lactic acid and glycolic acid. The particle
size of the temporary plugging particles is 3mm and 1mm
(Figure 2), and the particle density is 1.0-1.1 g·cm-3. The car-
rier fluid is clean water.

3. Results and Discussions

In this paper, the effects of the particle size combination,
pumping displacement, and adding sequence on the migra-
tion and settlement of temporary plugging particles in hori-
zontal wellbore were mainly considered. The concentration
of temporary plugging particles in the experiment was 1%.
In this paper, first, the law of the migration and settlement
of temporary plugging particles in wellbore and perforations
is investigated. Then, by counting the settlement mass of
particles in different clusters or perforations under different
conditions, the settlement laws of temporary plugging parti-
cles in horizontal wellbore and perforations are quantita-
tively analyzed.

3.1. The Migration Law of Temporary Plugging Particles.
Figures 3(a)–3(c) show the migration of 3mm particles in
the horizontal wellbore. The pump displacement is
0.11m3·min-1. It can be seen that the particles are divergent
when they first enter the wellbore and then quickly settle at

the bottom of the wellbore due to their large mass. At C1, the
particles move forward in a jumping way, and the fluctua-
tion height of the particles is larger. At C2, the particles roll
forward along the bottom of the wellbore, and the fluctua-
tion height of the particles is low. The reason for this phe-
nomenon is that the inlet velocity is large and the outlet
velocity is small.

Figures 4(a)–4(c) show the migration of 1mm particles
in the horizontal wellbore. The experiment shows that the
particles are disordered and divergent when they first enter
the wellbore and then gradually move forward in layered
distribution. Particles are sparse and few in the upper of
the wellbore, and dense and numerous in the bottom of
the wellbore. Because the 1mm particles are light, it is diffi-
cult to settle when entering the wellbore, but the velocity
along the wellbore gradually decreases, the particles gradu-
ally settle to the bottom of the wellbore, and some particles
settle into the perforations.

Figures 5(a)–5(c) show the migration of the 3mm and
1mm particles in the horizontal wellbore. The results show
that the migration trajectory of the two particle sizes is basi-
cally the same as the migration trajectory in the presence of a
single particle size. It can be found that 3mm particles
always settle at the bottom of the perforation, while 1mm
particles cover the top of the 3mm particles (Figure 5(d)).
This is because 3mm particles have a large mass and can

Pump

WellborePerforation

Outlet Inlet

Flow direction

(a) The actual experimental device

Wellbore

left view
Wellbore

60°
75°0°

Perforations

Stir bar

(b) The schematic diagram

Figure 1: Settlement and differentiation simulation device for particle in wellbore.

Table 1: Parameters of multicluster perforating experiment device
for horizontal wells.

Parameters Value

The inner diameter of the wellbore (mm) 60

The length of the wellbore (m) 1.5

The number of the perforations 6

The clusters of the perforations 2

The inner diameter of the perforations (mm) 10

The distance between the perforations (m) 0.1

The distance between the clusters (m) 0.4
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settle quickly, while 1mm particles are light and have a slow
settlement speed.

3.2. The Influence of Different Mass Ratio. The mass ratio is
the ratio of the mass of 3mm particles to 1mm particles. In
order to explore the migration and settlement laws of tempo-
rary plugging particles in horizontal wellbore under different
mass ratios, three sets of experiments were designed (Table 2).

Figure 6(a) shows the total mass of settling temporary
plugging particles in C1 and C2 under different mass ratios.
The results show that the settlement mass of particles in the
C2 is greater than that in the C1 under different mass ratios.
In addition, it is found that the settlement mass of particles
in C1 and C2 when the mass ratio is 5 : 1 is greater than that
in other mass ratios. The reason is that the probability of
their settlement in the perforation increases when the
3mm particles increase. The larger the space occupied by
the 3mm particles in the perforation, so the greater the total
settlement mass.

Figure 6(b) shows the settlement mass of particles in
each perforation under different mass ratios, in which blue
represents each perforation in C1 and orange represents
each perforation in C2. The experimental results reveal that
the settlement mass of temporary plugging particles in the
vertical downward perforations (0°, P2, and P5) under differ-
ent mass ratios is the largest, followed by the settlement mass
of particles in the 60° (P3 and P6) perforations, and the set-
tlement mass of the particles in the 75° (P1 and P4) perfora-
tions is the smallest. This is because most of the 3mm
particles jump and roll forward at the bottom of the well-
bore. Therefore, the probability of particles entering in low
angle perforations is high, and the settlement mass is corre-
spondingly large.

For the same perforation, the settlement mass becomes
greater as the proportion of 3mm increases. This is because
the 3mm particles are mainly transported by jumping-roll-
ing, and the probability of 3mm particles entering the
perforation increases, so the settlement mass increases. In
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Figure 3: The migration trajectory of particles in the 3mm temporary plugging agent wellbore; (a) schematic diagram of the particle
migration; (b) particle migration trajectory at C1; (c) particle migration trajectory at C2.
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Figure 4: Migration trajectory in the wellbore of 1mm temporary plugging agent. (a) Schematic diagram of the particle migration. (b)
Particle migration trajectory at C1. (c) Particle migration trajectory at C2.

3mm particles 1mm particles

Figure 2: 3mm particles (left) and 1mm particles (right).
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addition, the distribution of sedimentation mass in each per-
foration is more concentrated when 3mm particles increase.

3.3. The Influence of the Pump Displacement. The pumping
displacement is one of the important factors affecting the
migration of temporary plugging particles in the wellbore.
With a large displacement, the temporary plugging particles
tend to migrate in suspension, and the migration distance is
longer; at a small displacement, the temporary plugging par-
ticles mostly move by pulsation and rolling, and the migra-
tion distance is short. The settlement of temporary
plugging particles can be controlled by changing the pump-
ing displacement. The particle size in the experiment is
3mm, and the experimental scheme is shown in Table 3.

Figure 7(a) shows the settlement mass of temporary
plugging particles in each cluster under different displace-
ments. The results show that the settlement mass of tempo-
rary plugging particles in C2 is greater than that in C1, even
though the displacement is different. Comparing the settle-
ment mass of the particles in different clusters, it is found
that the mass of the temporary plugging particles in C1
becomes larger with the increasing of the displacement. This
is explained as the probability of particles collision increases
when the displacement increases, which will relatively
increase the probability of particles entering the perforations
at the entrance; in addition, the mass of temporary plugging
particles in C2 tends to increase with the decreasing of the
pumping displacement, which is believed to be that the
lower the displacement is, the slower the movement speed
of temporary plugging particles at the bottom of wellbore
is, and the fuller the settlement is, so the larger the mass is.

Figure 7(b) shows the settlement mass of temporary
plugging particles in each perforation under different dis-
placements. It can be found that the settlement mass of tem-
porary plugging particles in the perforation is the largest
when the perforations are vertically downward (angle is
0°). When the perforation angle is 60°, the particle settlement
mass is second. When the perforation angle is 75°, the parti-
cle settlement mass is the lowest. An interesting finding is
that the mass distribution of temporary plugging particles
has an obvious ladder (green circle) in perforations with dif-
ferent angles, which indicates that the perforation angle has
a significant impact on the settlement of temporary plugging
particles under the experimental conditions. With the
increasing of displacement, the sedimentation mass of parti-
cles in P1 and P4 decreases, while the sedimentation mass in
other perforations increases.

3.4. The Influence of Adding Order. The adding sequence of
temporary plugging particles with different particle sizes is
an influential factor which attracts much attention in the
field. Experimental results show that different order of addi-
tion has great influence on the settlement law of temporary
plugging particles in the hole. The experimental scheme is
shown in Table 4. In this group of experiments, temporary
plugging particles of a certain size should be added slowly
in sequence and stirred while adding, until the circulation
is stable, and then the particles of another size are added,
and the phenomenon is observed after being stabilized again.

Figure 8(a) shows the settlement mass of temporary
plugging particles in the clusters under different addition
sequences. The results show that the settlement mass of the
particles in C2 is larger than that in C1 regardless of the
addition sequence. However, the difference of the settlement
mass between the two clusters is nearly one time when the
addition sequence is first 3mm and then 1mm, and the dif-
ference of the settlement mass between the two clusters is
small when the addition sequence is first 1mm and then
3mm. In addition, for the outlet end, the particle settlement
mass in the order of first 3mm and then 1mm is greater
than that of the particles settlement mass in the order of first
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Figure 5: The migration trajectory in the wellbore of 3mm and 1mm mixed particles. (a) Schematic diagram of particles migration. (b)
Particles migration trajectory at C1. (c) Particles migration trajectory at C2. (d) Settling of mixed temporary plugging particles in the
perforation.

Table 2: Multiple particle size combination experiment scheme.

Mass ratio (m3mm : m1mm) Displacement (m3·min-1)

3 : 3

0.114 : 2

5 : 1
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Figure 6: Settling mass of particles with different mass ratios in
each cluster (a) and perforation (b) (orange red is the perforation
at the outlet end, blue is the perforation at the inlet end, and P
represents the perforation).

Table 3: Variable displacements experiment scheme table.

Particles size (mm) Pump displacement (m3·min-1)
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Figure 7: The settlement mass of the temporary plugging particles
in each cluster (a) and perforation (b) under different pump
displacements (orange red is the perforation at the outlet end,
blue is the perforation at the inlet end, and P represents the
perforation).

Table 4: Add sequence experiment scheme.

Adding order
Particle

concentration (%)
Pump displacement

(m3·min-1)

First 1mm then
3mm

1
0.11

First 3mm then
1mm

1
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1mm and then 3mm. This is because 3mm particles are
added first, which can settle quickly and fill most of the per-
foration space first, while 1mm particles can only fill the
remaining small gaps.

Figure 8(b) shows the settlement mass of temporary
plugging particles in the perforations under different addi-
tion sequences. It can also be found that the settlement mass
of temporary plugging particles reaches the maximum when
the perforation angle is 0°. When the perforation angle is 60°,
the particle settlement mass is second. When the perforation
angle is 75°, the particle settlement mass is the lowest. At the
same time, it is found that the mass distribution of tempo-
rary plugging particles in each perforation is larger when
the addition sequence is first 3mm and then 1mm.
However, the mass distribution range of temporary plugging
particles in each perforation is relatively concentrated when
the addition sequence is first 1mm and then 3mm.

4. Conclusions

Based on the visual horizontal wellbore experiment device,
the migration and settlement laws of temporary plugging
particles in the wellbore were investigated, and the following
conclusions were drawn:

(1) The 3mm temporary plugging particles move for-
ward in a jumping way at the bottom of the horizon-
tal wellbore. The 1mm particles move forward in
horizontal layered distribution inside the horizontal
wellbore, and the particles are sparse and few in the
upper layer of the horizontal wellbore, and dense
and numerous in the bottom layer of the wellbore.
The migration trajectory of the 3mm and 1mm par-
ticles mixed in the horizontal wellbore is basically
the same as that of the single particle size

(2) Considering the factors of mass ratio, displacement,
and addition sequence, the settlement mass of the
temporary plugging particles in the outlet C2 is
greater than that in the inlet C1

(3) The smaller the perforation angle is, the larger the set-
tlementmass of temporary plugging particles is.When
the perforation angle is 0°, the settlement mass of tem-
porary plugging particles in the perforation is the larg-
est. When the perforation angle is 60°, the particle
settlement mass is second.When the perforation angle
is 75°, the particle perforation angle is the lowest

(4) Under different particle mass ratios, the settlement
mass of particles in outlet C2 is larger than that in
inlet C1. When m3mm : m1mm = 5 : 1, the mass of
particle sedimentation is the largest. With the
increase of pump displacement, the mass of tempo-
rary plugging particles in C1 increases, while the
mass of temporary plugging particles in C2 decreases
with the increase of pump displacement. As the dis-
placement increases, the sedimentation mass of par-
ticles in P1 and P4 decreases, and the sedimentation
mass in the remaining perforations increases. In C2,
the settlement mass of temporary plugging particles
in the sequence of adding 3mm first and 1mm later
is greater than that in the sequence of adding 1mm
first and 3mm later

(5) The larger the displacement, the sedimentation mass
of particles in P1 and P4 decreases, and the sedimen-
tation mass in the remaining perforations increases.
In general, the larger the displacement, the greater
the sedimentation mass in the perforation; the
greater the ratio of 3mm, the greater the particle sed-
imentation mass
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Figure 8: Settlement mass of temporary plugging particles in clusters (a) and perforations (b) under different adding order.
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