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Compared with a one-dimensional test, a two-dimensional test has the potential to study the transport characteristics of particles
in tailings under different filtration materials. Due to the different test conditions and the complex test environment, the existing
devices generally have limited measuring range or high accuracy. Thus, it is urgent to develop an advanced device to improve the
ability of the transport characteristics of particles. In this study, a two-dimensional radial flow device is designed for analyzing the
transport characteristics of particles which combine the water tank with adjustable pressure and the seepage body providing a
tailing sand environment. An experimental system is built, and a seepage process is carried out to explore the transport
characteristics of particles. The results indicate that when head difference remains stable, the mixture consisting of the tailing
sand and water gradually transports to the vicinity of the slotted tube along the diameter direction. With an increase in head
difference, the tailing sand particle size in the mixture shows a slow upward trend, which migrates in the tailing sand. And the
proportion of tailing sand particles with different sizes varies under different head differences. Separation of the mixture
consisting of tailing sand particles and water occurs near infiltration material, while the mixture has different transportation
laws under different filtration materials. Under geotextile, most fine tailing sand particles which transport from the edge
remain in geotextiles, causing an increase in the proportion of fine particles around the slotted tube. However, most fine

particles pass through steel mesh, leading to a decrease in the proportion of fine particles.

1. Introduction

Particle flow composed of solid particles is very common in
the process of geomechanics, such as avalanches, decom-
posed landslides, or debris flows. The flow characteristics
of these granular materials are very different in the flow
shape and evolve with time and space. The dense granular
flow is often divided into three different flow patterns
[1-5]: quasistatic flow, rapid dilute flow, and slow flow, as
shown in Figure 1. When studying such problems, many
scholars study them in multiphase flow. Li et al. [6] investi-
gated the grain size distribution of the deposits and the cor-
responding segregation process of granular flows with
different fractal dimensions and found that the enrichment

of the fine particles had an effect on the motion process of
particles. Liu and Feng [7] developed a multiscale coupling
finite element method based on the microscopic soil particle
motions to investigate the influence of the physical details
and kinematic characteristics of soil at the microscale associ-
ated with the global mechanical responses. Tan et al. [8]
studied the effects of different densities and diameters on
the speed of single particles and the time of the particle pas-
sage through the pump, and the results show that with the
increase in diameter and density, the wrap angle of motion
of particles increased. Ruan et al. [9] indicated that the local
low permeability lens in the porous medium is caused by the
pollutants blocked which will be accumulated on its surface
and form a pollution pool. Gao et al. [10] studied the
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FIGURE 1: Diagram for partition of particle flow.
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Fi1GURE 2: The sketch of saturation line.

migration of dense nonaqueous-phase liquids in saturated
clay based on a two-phase flow model.

As a facility for storing tailing sand, tailing ponds are
formed mainly by damming valley mouths or enclosing land
[11]. The transport of tailing sand particles happening in the
tailing pond has a significant influence on the failure of seep-
age control and the high position of the infiltration line [12].
Therefore, it is of great engineering significance to carry out
research on the transport process.

At present, many scholars study the clogging of filter
structures caused by tailing sand, resulting in the failure of
drainage facilities and the decrease of permeability coeffi-
cient. Jin et al. [13, 14] carried out a study on the drainage
mechanism of the slotted tube overlay steel mesh for the
fine-grained tailing dam, including the calculation method
and its filter radius of the slotted tube. Yang et al. [15] inves-
tigated the effect of fine sand particles on the permeability
characteristics of iron tailing sands and indicated that the
permeability coefficient of iron tailing sand is affected by fine
content. Mingyuan et al. [16] found that the soil desalination
rate decreases with the increase in soil depth, and the dis-
tance from the pipe also affects the desalination rate through
the salt discharge test. Lan et al. [17] analyzed the effect of

fine particle content on the engineering properties of tail-
ings. Shi et al. [18] indicated that head pressure has a signif-
icant effect on particle distribution. Also, some scholars
separately studied the effect of different fine particle contents
on the infiltration of tailing sands and the drainage and anti-
filter performance of drain pipes or geotextiles [19-23].
However, they do not detailedly study the transport process
of tailing sand particles in the tailing pond, just to partly
study the effect of tailing sand particles on the drainage
installation.

The aim of this work was to understand the influence of
filtration material applied in tailing ponds and head differ-
ences on particle transport behavior in the process of filtra-
tion and drainage. Two-dimensional radial flow tests were
carried out to simulate the transfer of tailing sand particles
in the solid phase. Experimental conditions (porous media,
etc.) were chosen to be as close to field conditions as possi-
ble. In our study, we consider the transport process of tailing
sand particles under geotextile, under steel mesh, and under
different head differences. Firstly, we carry out some tests of
the drainage system of the slotted tube overlay with different
filtration materials including geotextile and steel mesh based
on a two-dimensional radial flow test equipment. And then,
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of tailing sand in different positions was measured to obtain
information as well as to more accurately predict the

we analyze the distribution of the tailing sand particles along
changes in the permeability of the dam body.

the diameter direction, aiming to study the effect on the
transport process of tailing sand particles. The distribution



2. Experimental System and Test Procedure

According to the code for design of tailing facilities, the sat-
uration line is an important lifeline of tailing ponds. Due to
the clogging of drainage facilities, the saturation line changes
with the permeability of filter material, as shown in Figure 2.
The transport of tailing sand particles is an important reason
for the decrease in drainage capacity, as shown in Figure 3.
Therefore, several factors including geotextile, steel mesh,
and head pressure affect the transport of tailing sand
particles.

2.1. Experimental Setup. A two-dimensional pressurized
radial flow experimental system was designed according to
the transport characteristic of particles in the tailing dam.
The system consisted of a model test box, an air pump
device, and a conversion device, as shown in Figure 4, where
the different parts are distinguished by different colors.
Overall, this system with controlled water pressure provides
multiple advantages such as simple structure, strong repeat-
ability, and automatic operation during the entire process.

2.1.1. Model Test Box. The test box was mainly composed of
an acrylic barrel, a steel mesh, a slotted tube, and a seal
cover. The acrylic barrel measured 9500 x 450 mm, and it
is placed at a height of 0.25 m from the ground. A steel mesh
was placed in the acrylic barrel. The slotted tube measured
100 x 450 mm, which was fixed in the acrylic barrel, and
also, the tailing sand was filled between the steel mesh and
the slotted tube. Moreover, water was filled between the steel
mesh and the acrylic barrel.

2.1.2. Conversion Device. Indoor seepage experiments typi-
cally increase the pressure by the air pump. In this study, a
safer and more stable conversion device was used to apply
water pressure to the system to simulate pressure. The con-
version device was placed on the ground beside the model
test box, and the water pipeline was connected to the side
face of the box. In addition, the conversion device was
equipped with OPG (oil pressure gauge), as shown in
Figure 5. An oil pressure gauge was used to adjust the water
pressure input into the test box. Thus, the head difference
could be obtained from water pressure through the calibra-
tion of OPG values. Therefore, the data on head differences
could be displayed and recorded in real time during the
seepage process.

2.1.3. Laser Particle Size Analyzer. A laser particle size ana-
lyzer is a commonly used equipment for analyzing particle
size composition, with high accuracy, repeatability, and sta-
bility, as shown in Figure 6. After the seepage experiment,
samples were taken along the diameter direction of the tail-
ing sand permeability body. After drying and grinding, the
samples were analyzed by a laser particle size analyzer to
obtain the particle size composition of each sample.

2.2. Seepage Test Procedure

2.2.1. Slotted Tube Overlap Infiltration Material. The slotted
tube overlap infiltration material is frequently used as the
drainage equipment in the tailing pond; however, the drain-
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FIGURE 6: The photograph of laser particle size analyzer.

age equipment is always affected by clogging. The transport
of tailing sand particles is one of the important reasons for
clogging. However, there are different performances in dif-
ferent infiltration materials. Three groups of experiments
were conducted to study the effects of different infiltration
materials and head differences (see tests (a) and (b) in
Table 1). Polyester geotextile was used in test (a), but steel
mesh was used in test (b). According to the actual environ-
ment, the infiltration material wrapped in the slotted tube
was designed to be 1.

2.2.2. Seepage Body Building. Fine tailing sand taken from
the third tailing pond of the Jinchuan Concentrator at the
same position of the same layer was selected as the experi-
mental material, and its parameters are listed in Table 2.
The gradation curve of the tailing sand is shown in
Figure 7. In practical engineering, there are two kinds of
infiltration materials including geotextile and steel mesh.
Therefore, geotextile and steel mesh are adopted to study
the transport characteristics of tailing sand particles in this
paper. First, the mixture of tailing sand and water was stirred
evenly, making the tailing sand saturated. After standing the
mixture for 24 h, the interlayer between the open acrylic box
was filled with layers of 450 cm saturated tailing sand, com-
pacted to meet the density of test requirements. Besides, the
strain sensor was patched outside the slotted tube and inside
the steel mesh in the filling process. The shaped seepage
body was 9450 x 450 mm, as shown in Figure 8. Then, the
tailing sand body was placed in the laboratory for one day,
and it remained moisturized. When the tailing sand body
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TaBLE 1: Test details.
Test number Slotted tube Polyester geotextile Steel mesh
Lenth: 450 mm Weight: 600 g
External diameter: 100 mm . None
. Thickness: 6.5 mm
Internal diameter: 80 mm
Length: 450 mm
External diameter: 100 mm None Mesh number: 100
Internal diameter: 80 mm
TaBLE 2: Tailing sand parameters.
(a) Particle content of each tailing sand used in the experiment
Grain group >0.3 >0.2 >0.1 >0.085 >0.074 >0.035
Percentage 0.15 6.88 3.02 2.93 19.23 67.79

(b) Mechanical properties of the soil

Unevenness coefficient

Curvature coefficient Particle density (mg-m™)

Plastic limit (%) Liquid limit (%)

Tailing sand 11.19 1.12

2.65 g/cm’ 15.49 24.74

100

75 4

50

25 4

Percentage passing (% of weight)

0.1 1 10 100 1000
Sieve opening (um)

FIGURE 7: Gradation curve of Jinchuan tailing sand.

is pushed by the water pressure, tailing sand particles move
inside the tailing sand. Finally, sampling followed along the
diameter direction of the seepage body after the test, and
the particle size of each sample is obtained by the laser par-
ticle size analyzer.

2.2.3. Pressing Procedure. The nature head difference was
used at the primary stage of the experiment. After that, the
test entered the compressed stage including three substages,
and the entire process simulation of a seepage test was com-
pleted in a relatively long time. Under the control of the oil
pressure gauge, the water pressure could keep stable; thus,
the compressed process was stable, and a smooth velocity-
time curve could be obtained. The three experiments used
the same tailing sand and repeated the same process of the
seepage procedure. The designed two-stage process included
a primary stage of 225min. This was followed by a com-
pressed stage of 540 min. After that, keep the head difference
in the third substage and then sample at intervals to study
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FiGURE 8: (a) The photograph of strain sensor; (b) the photograph of seepage body.

TaBLE 3: Volume fraction of tailing sand under different head differences.

(a)
Volume fnctim. ! 2 3 4 5 6 7 s 9
Original sample (%) 2.9 6.3 9.1 11.7 13.9 16.0 17.9 19.6 21.2
First substage (%) 3.4 7.1 10.2 13.1 15.6 17.9 20.0 22.0 23.6
Second substage (%) 34 7.2 10.5 13.4 16.0 18.4 20.5 22.4 24.2
Third substage (%) 3.1 6.7 9.6 12.3 14.7 16.9 18.9 20.8 22.5

Note: the compressed stage is divided into the first substage, second substage, and third substage.

(b)
f,ﬁﬂii Sflf:d(ﬁ‘) 10 20 30 40 50 60 70 74
Original sample (%) 22.7 34.2 42.4 49.5 56.0 61.8 67.1 69.1
First substage (%) 253 374 46 53.4 60.0 65.8 70.9 72.8
Second substage (%) 25.8 37.5 45.8 52.9 59.4 65.2 70.3 72.2
Third substage (%) 24.1 36.2 45.1 52.8 59.6 65.7 71.1 73.0

the effect of different infiltration materials on the transport
of tailing sand particles.

3. Results and Analysis

The blocking state determines the saturation line. Further,
the transport process of tailing sand particles can accurately
describe the change of clogging of infiltration materials.
Thus, clarifying the relationship among head difference,
infiltration materials, and transport process of particles can
be helpful to understand the law of clogging evolution.

3.1. Head Difference and the Transport Process of Particles.
The volume fraction of particle size is calculated by the laser
particle size analyzer at different sampling points, which are

listed in Table 3 (0.074 mm chosen as the upper limit is the
main basis for the classification of tailing sand). From the
table, it can be found that head difference affects the trans-
port process of tailing sand particles, which are analyzed in
detail in the subsection.

Figure 9 shows the relationship between the head differ-
ence and the volume fraction of the tailing sand particles.
The curve obtained by the tests shows increasing character-
istics with the head difference increasing compared with the
original sample. However, there are different phenomena
under different substages. In detail, the first substage and
second substage have a great influence on particle transport
of 1 ym-10 ym tailing sand, while particles above 10 um play
a dominant role under the third substage. And fine particles
begin to move first during the transport process. It is worth
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FiGgure 10: Effect of different head differences on the transport of particles.

mentioning an interesting behavior that particles below  entire part, and the rate is as high as 100%. But the propor-
10 um accounted for 70.3% under the first substage. Under  tion of particles below 10 ym is 35.9% under the third sub-
the second substage, particles below 10um occupied the  stage. Another interesting feature, compared with the first
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(a) Pretest tailings sand area

(b) Post-test tailings sand area

FIGURE 11: Scanning electron microscopy of tailing sand particles in different areas (Mag is the abbreviation of magnification).

substage, is that there is a high percentage of volume of par-
ticles below 20 ym under the second substage, especially par-
ticles below 10 ym, which indicates that the second substage
has a great effect on the transport process of particles below
10 um, as shown in Figure 10(a). In comparison with the
second substage, the third substage has a great effect on par-
ticle transport of 40 ym-70 ym tailing sand, as shown in
Figure 10(b). Therefore, it can be found that particle size

TaBLE 4: The direct shear test results of tailing sand.

Types Cohesion (¢) (kPa) Internal friction angle (¢) (°)
Sand 0 15

Tailing sand 8.8 27.8

Clay 12 20
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FIGURE 12: Diagram of tailing sand particle motion process.

TaBLE 5: Volume fraction of tailing sand under geotextile.

Tailings sand particles

(a)
Volume faction. ! ’ : ; 0 7 i o
Original sample (%) 2.9 6.3 9.1 11.7 13.9 16.0 17.9 19.6 21.2
First time (%) 3.1 6.7 9.6 12.3 14.7 16.9 18.9 20.8 22.5
Second time (%) 3.18 6.84 9.84 12.6 15.04 17.28 19.34 21.26 22.98
Third time (%) 3.23 6.9 9.92 12.69 15.14 17.39 19.48 214 23.13
Residue in geotextile (%) 3.23 9.92 9.99 12.88 15.36 17.72 19.85 21.74 23.54
Note: the compressed stage is divided into first substage, second substage, and third substage.
(b)
sarticl size (jm) 10 20 30 40 50 60 70 74
Original sample (%) 22.7 34.2 42.4 56.0 61.8 67.1 69.1 69.1
First time (%) 24.1 36.2 45.1 59.6 65.7 71.1 73.0 73
Second time (%) 24.6 36.84 45.84 53.56 60.42 66.5 73.74 73.74
Third time (%) 24.76 37.03 46.06 53.77 60.65 66.73 73.97 73.97
Residue in geotextile (%) 25.24 39.07 49.41 57.74 64.63 70.21 76.67 76.67
TaBLE 6: Volume fraction of tailing sand under steel mesh.
(a)
Volume facton. Lo : ; ‘ 7 i ;
Original sample (%) 2.9 6.3 9.1 11.7 13.9 16.0 17.9 19.6 21.2
First time (%) 3.39 7.02 10.1 12.86 15.35 17.59 19.63 21.51 23.24
Second time (%) 3.33 6.92 9.94 12.67 15.13 17.35 19.34 21.21 22.93
Third time (%) 3.32 6.92 9.94 12.66 15.13 17.34 19.34 21.21 22.92
Pass through steel mesh (%) 3.47 7.31 10.5 13.73 16.48 19.25 21.74 24.01 26.17
Note: the compressed stage is divided into first substage, second substage, and third substage.
(b)
\P;":)rlii; Sfer:ct(f:::) 10 20 30 40 50 60 70 74
Original sample (%) 22.7 34.2 42.4 49.5 56.0 61.8 67.1 69.1
First time (%) 24.85 36.71 45.01 52.11 58.5 64.2 69.22 71.04
Second time (%) 24.52 36.3 44.53 51.63 57.98 63.69 68.81 70.55
Third time (%) 24.52 36.29 44.52 51.62 57.97 63.68 68.81 70.54
Pass through steel mesh (%) 28.23 44.67 55.76 63.85 70.09 74.88 79.51 80.24
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FIGURE 13: Volume fraction at different intervals compared with original sample under geotextile.

transporting to the vicinity of the slotted tube shows a stably
upward trend with an increasing head difference.

As mentioned above, the head difference has a signifi-
cant influence on the migration of tailing sand particles
[24]. Meanwhile, it can be found from Figure 11 that there
are more fine particles in the same area around the slotted
tube after the test. Consequently, the results of scanning
electron microscopy and grain size analysis both show that
tailing sand particle transport is affected by water head dif-
ference. The reason for the phenomena is that the properties
of tailing sand lie between clay and sand, which is not close
between particles, as shown in Table 4 and as shown in
Figure 11. The cohesion force (c) keeps at a low level, leading
to a loose internal structure [25]. It indicates that seepage
force easily affect tailing sand particles, causing fine particles
to separate from clusters. Based on this, tailing sand particles
migrate all the way towards the center of the equipment with
water flow, moving in a mixture of tailing sand particles and
water. Therefore, as head difference approaches the first sub-
stage, a mixture of tailing sand particles and water transports
from the edge white steel mesh to the surrounding areas of
the slotted tube along the diameter direction, as shown in

Figure 12. The greater the seepage force, the greater the
influence of the soil particles [26]. With an increase in the
head difference, coarse particles also drop from clusters,
which makes it totally different from the initial water head
difference. There are coarser particles in the mixture, causing
a decrease in coarse particle content around the slotted tube.
Based on the test data in this study, the first substage has
more effect on the transport of fine particles, while the third
substage has more effect on the transport of coarse particles.

3.2. Geotextile/Steel Mesh and the Transport Process of
Particles. The test data about the relationship among geotex-
tile, steel mesh, and the transport process of particles is
obtained by two experiments, which are listed in Tables 5
and 6. After data processing, it is found that geotextile and
steel mesh are closely related to the transport process of par-
ticles. In the subsection, the effects of geotextile and steel
mesh are analyzed in detail.

3.2.1. Geotextile and the Transport Process of Particles. The
figure shows the distribution of tailing sand in the transport
process. The measurement results of the first time, second
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time, and third time are displayed in Figure 13. The results
in Figure 14 show the variation of volume fraction under dif-
ferent intervals. Also, Figures 15 and 16 show tailing sand
particle residue in geotextile compared with the original
sample and the measurement results of the third time. It
can be observed from Figure 13 that the volume fraction of
fine particles around the slotted tube increases. Figure 14
illustrates that the content of fine particles increases with
time when keeping the head difference stable, and the
changing range is small along with the time extension. There
are more tailing sand particle residues in geotextile com-
pared with the original sample and the measurement results
of the third time, as shown in Figures 15 and 16.

The phenomena are explained through the following
analysis. For the phenomenon in Figure 13, there are more
fine particles around the slotted tube because of the seepage

11

Volume fraction (%)
o
1

0 10 20 30 40 50 60 70 80

Particle size (um)

FIGURE 16: Volume fraction of tailing sand particle residue in
geotextile compared with the measurement results of the third
time.

force, which has been made a detailed analysis in the previ-
ous section. Since head difference remains stable, the seepage
force also remains constant [27], which keeps fine particles
moving towards the vicinity of the slotted tube. Hence, the
fine particle content is higher than the initial stage at differ-
ent time points, as shown in Figure 13. However, there are
different performances at different times. To know the cause
of the phenomenon in Figure 14, the reason for the phenom-
ena is first analyzed in Figures 15 and 16. Due to the filter
layer formed by coarse particles around the slotted tube, fine
particles with water flow pass through the filter layer in the
form of a mixture under the action of seepage force [28].
The equivalent diameter of geotextile is 0.08 mm, while the
particle size above 0.085mm accounts for 2.93%, as shown
in Table 2(a). Therefore, the pore size parameters of geotex-
tile selected in the test do not match the particle gradation of
tailing sand [29]. By the way, geotextile separates the mix-
ture consisting of tailing sand and water [30]. One of the
mixture, water, passes through geotextile; the other is left
in geotextile, as shown in Figure 17(a). Consequently, the
content of fine particles in geotextile is higher than that in
the original sample, as shown in Figure 15. More fine parti-
cles in geotextile result in aggregating around the slotted
tube because of limited space in geotextile which cannot
accommodate more tailing sand [31]. Therefore, the propor-
tion of fine particles increases in subsequent measurements.
Based on the results, the content of fine particles in the filter
layer increases with time, leading to a decrease in the seepage
channel. There are less tailing sand particles entering the fil-
ter layer in unit time under the same seepage force, causing a
decrease in the changing range, as shown in Figure 14. Also,
the seepage channel which has decreased in the filter layer
only allows finer particles to pass through. Increasing fine
particle content in the geotextile is induced by the finer par-
ticles staying in the geotextile. Accordingly, fine particles
occupied more and more percentage in geotextile compared
with the measurement results of the third time, as shown in
Figure 16.
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(a) Tailing sand residue in geotextile

(b) Water passes through the geotextile

FiGUre 17: The mixture separates into tailing sand and clear water.

Volume fraction (%)

Particle size (um)

(c) Third time

20 CH
-0O---0-. -0 1 . 0.
O TO0--L 5 (S) "0
S 8 S e
o O g S e
(@] R = s
& s | & |9 5
i) U
g O
3 @]
S )
> O
0.5 4
D
T T T T T 0.0 T T T T T T T
0 30 40 50 60 70 80 0 10 20 30 40 50 60 70
Particle size (um) Particle size (um)
(a) First time (b) Second time
---0O---0.
2.0 1 .© T o.
g o
g .| ¢
g 78 w0
Nt s
QE) 1.0 4 @)
El O
S )
> O
0.5 4
D
0.0 T T T T T T
0 10 20 30 40 50 60 70 80

FIGURE 18: Volume fraction at different intervals compared with original sample under steel mesh.
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In accordance with the analysis above, we can know the
transport process of the mixture consisting of tailing sand
and water under geotextile. First, loose particles in the tailing
sand structure fall off because of the effect of seepage force
formed by water flow. A mixture of tailing sand particles
and water migrates towards the center along the diameter
direction. When arriving near the slotted tube, part of the
tailing sand particles which are almost coarse particles
remain to form the filter layer, and another continue to
migrate in the form of a mixture. The mixture in geotextile
is again separated into tailing sand particles and water.
While tailing sand particles stay in geotextile, water passes
through the geotextile, as shown in Figure 17. The whole
transport process under geotextile is described. Besides,
when the space in filtration is limited just like in geotextile,
the proportion of fine particles in the filter layer increases
with time, and part of the fine particles stay in filtration.

3.2.2. Steel Mesh and the Transport Process of Particles.
Figure 18 shows the particle size distribution of tailing sand
around the slotted tube compared with the original sample,
while Figure 19 indicates the variation of volume fraction
under different intervals compared with the original sample
under steel mesh. And also, Figures 20 and 21 show tailing
sand particles passing through steel mesh compared with
the original sample and third time. The above pictures
describe the variation of tailing sand on both sides of steel
mesh in the transport process. As can be observed from
Figure 18, it is the same as the geotextile in that the volume
fraction of fine particles around the slotted tube rises when
keeping the head difference stable. Figure 19 illustrates that
the content of fine particles shows a smoothly downward
trend to hit the lowest point with time. The volume fraction
of tailing sand particles passing through steel mesh is higher
than that of the original sample and third time, as shown in
Figures 20 and 21.
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Ficure 20: Tailing sand particles pass through steel mesh
compared with original sample.
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Ficure 21: Tailing sand particles pass through steel mesh
compared with third time.

The reason for these phenomena can be explained as fol-
lows. For the phenomenon in Figure 18, this result is in good
agreement with the previous analysis. The seepage force
remaining constant makes fine particle transport to the
vicinity of the slotted tube continuous. Due to the seepage
force, fine particles have a higher proportion, as shown in
Figure 18. When the mixture of tailing sands and water
reaches the periphery of steel mesh, some fine particles with
water flow pass through steel mesh, as shown in Figure 22.
So, the percentage of fine particles is higher compared with
the original sample, as shown in Figure 20. For the above
reason, a large number of fine particles do not aggregate in
the filter layer formed by the coarse particles. On the con-
trary, there are fewer fine particles around the slotted tube
compared with the first time when measuring after a period
of time. The content of fine particles in the second time and
third time is almost the same. The reason for these phenom-
ena is that the distant tailing sand particles which are in the
form of a mixture pass through the filter layer when they



14

(a) Steel mesh after testing

Geofluids
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FiGure 22: The mixture reaches the periphery of steel mesh.

reach the vicinity of the filter layer and then pass through
steel mesh. Because of the phenomenon in which fine parti-
cles do not reside in the filter layer, the proportion of fine
particles remain stable under the same head difference when
seepage velocity keeps unchanged, as shown in Figure 19.
And also for this reason, there are more fine particles in
the mixture passing through steel mesh, as shown in
Figure 21.

Likewise, the above shows the transport process of the
mixture consisting of tailing sand and water under steel
mesh. Firstly, loose particles fall from cluster transport to
the vicinity of the slotted tube with water flow and gradually
form a filter layer because of the effect of seepage force.
However, coarse particles and fine particles have two oppo-
site manifestations. Coarse particles are left in the filter layer,
and fine particles continue to pass through steel mesh in the
form of a mixture. This is the whole transport process under
steel mesh. Nevertheless, when the space in filtration is not
limited like steel mesh, the proportion of fine particles in
the filter layer shows a steady downward trend to hit the
lowest point with time, and a part of tailing sand passes
through the filtration.

4. Summary and Conclusions

This study investigated the transport process of particles in
the tailing sand through water pressure control. A model test
of two-dimensional radial flow was designed, and one pres-
sure was used to simulate the typical two-stage seepage pro-
cess. The transport process of particles was under different
head differences, geotextile, and steel mesh obtained through
three comparative experiments. Then, the variation patterns
of these parameters and their relationship were analyzed.
Owing to the difference between the size, boundary condi-
tions, and tailing sand properties of the experimental seep-
age body and actual geological conditions, an integrated
discriminant criterion based on head difference, infiltration
material, and transport process of particles may be applied

to practical engineering only after further verification. The
primary conclusions of this study are as follows:

(1) Head difference has a relative influence on the trans-
port process of the mixture. When the type of filtra-
tion is constant, tailing sand particle transport to the
vicinity of the slotted tube due to the effect of seep-
age force. The proportion of tailing sand particles is
different under different head differences during the
transport process. The percentage of coarse particles
increases during the transport processes with an
increasing head difference

(2) When keeping the head difference stable, the trans-
port process of particles changes with the variation
of filtration. The content of fine particles passing
through steel mesh is higher than that passing
through geotextile. Under geotextile, the mixture
consisting of tailing sand and water separates in the
geotextile. Part of tailing sands are left in the geotex-
tile, and another pass through the geotextile. The
tailing sand particles staying in geotextile cause the
proportion of fine particles around the slotted tube
increasing with time. Under steel mesh, the mixture
passes through steel mesh and filter layer formed
by coarse particles, leading to the proportion of fine
particles around the slotted tube showing a steady
downward trend to hit the lowest point with time
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