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Slotted tube drainage system plays an important role in reducing the wetting line of tailing dam. In the past studies, the
permeability coefficient of geotextile was measured separately based on one-dimensional test, and the permeability
characteristics of the whole system of the slotted tube overlay geotextile were rarely studied. Firstly, a set of radial flow
test equipment for infiltration system of the slotted tube overlay geotextile is developed in this study. Then, with the aid
of the test device, a two-dimensional radial flow test is conducted to investigate the drainage system of the slotted tube
overlay geotextile before and after blocking by tailing sands, with considering different water head difference and the
number of geotextile layers. By the two-dimensional radial flow test, it can be concluded that (1) the permeability
coefficients of the slotted tube overlay geotextile before and after blocking all have a slight upward trend with the increase
of water head difference; (2) with increasing the number of geotextile layers, the permeability coefficients before and after
blocking increase first and then decrease, which approaching its minimum value at about two layers; (3) under the seepage
pressure, some particles might attach to or stay in geotextile. Therefore, the permeability coefficient of the slotted tube
overlay geotextile after blocking is significantly smaller than that before blocking. This study offers the insight to the
further research on the permeation characteristics of the slotted tube overlay geotextile system.

1. Introduction

As a place for storing tailing sand, tailing ponds are widely
distributed in various regions of China and play an impor-
tant role in mine production, which are mainly formed by
damming valley mouths or paddocks [1]. There are more
than 8,000 tailing ponds in China, most of which are in
high-risk state. According to statistics, about 1/4 of the
tailing dam failure accidents is caused by the high position
of the infiltration line and the failure of seepage control
[2]. Therefore, it is of great engineering significance to
conduct research on the permeation characteristics of the
drainage system in the tailing pond.

Many of the existing tailing ponds in China mostly use
multiple-layer geotextiles as drainage measures. One or
more layers of geotextile are laid on the initial dam and play
the role of drainage and filtration [3–6]. As an important
drainage material in engineering, geotextile has been studied
extensively by many scholars. Hu [7] studied the vertical
permeability characteristics of geotextiles without load and
obtained the uncertainty of the permeability coefficient of
geotextile. Wang et al. [8] studied the variation of vertical
permeability coefficient of filament needle-punched geotex-
tiles with pressure and pore size. In recent years, with the
improvement of the beneficiation technology, the particles
of the tailing sand have become smaller and smaller, most
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of which are fine powder group, clay particle group, and col-
loidal particle group [9]. Therefore, the pores between the
tailing sand particles are pretty small, and the permeability
of the fine-grained tailing medium is weak, which leads to
the high infiltration line of the tailing dam and the difficulty
of dam drainage. At present, the slotted tube drainage sys-
tem, as a new type of tailing dam drainage technology, has
a wide range of applications in fine-grained tailing dams,
which can effectively reduce the infiltration line of tailing
dams. The basic structure of the slotted tube is illustrated
in Figure 1. Several rectangular slots are evenly cut along
the axial direction of the PE plastic tube. Round holes with
a diameter of 8mm are opened in the slot. The plastic tube
is wrapped with geotextile or white steel mesh, which plays
the dual role of drainage and filtration.

At present, many scholars have conducted lots of
researches on the drainage mechanism of the slotted tube
overlay white steel mesh. Jin et al. [10, 11] carried out the
study on the drainage mechanism of slotted tube overlay
white steel mesh for the fine-grained tailing dam, including
the calculation method and its filter radius of the slotted
tube. Peng and Jiang [12] also conducted the analysis on
the seepage theory of the slotted tube overlay white steel
mesh. Based on a one-dimensional indoor test equipment,
Zhai et al. [13] investigated the drainage properties of slotted
tube overlay white steel mesh embedded in clay soil. Com-
paring with the white steel mesh, the slotted tube overlay
geotextile is more suitable for ultrafine tailing dams [14,
15]. However, there is relatively little research on the perme-
ability characteristics of the slotted tube overlay geotextile.
Moreover, most previous researches on the slotted tube were
based on the one-dimensional test, which cannot effectively
present the permeation characteristic of the slotted tube.

This study is aimed at studying the permeation charac-
teristics of slotted tubes overlay geotextile used in tailing
pond. Firstly, a two-dimensional radial flow test equipment
is developed. Then, based on the new test device, the two-
dimensional radial flow test of the drainage system of the
slotted tube overlay geotextile is carried out. Finally, the per-
meability characteristics of the drainage system of the slotted
tube overlay geotextile are analyzed, as well as the influence
of water head difference and the number of geotextile layers
and tailing sand on the permeability coefficient.

2. Radial Flow Test

2.1. Test Equipment and Principle

2.1.1. Test Equipment. The two-dimensional radial flow test
equipment developed in this study is shown in Figure 2.
The main body of the test device includes a stainless-steel
outer barrel, a slotted tube, and an overflow tube. At the cen-
ter of the bottom, the outer barrel, and the slotted tube, a
round hole with the diameter of 20mm is cut. An overflow
tube passes through the slotted tube and the round hole at
the bottom of the outer barrel. The outer barrel, the slotted
tube, and the overflow tube are connected by bolts to form
a completely radial flow system. There are seven overflow
on the lateral side of the outer barrel, which are used to con-

trol the difference between the internal and external water
heads.

2.1.2. Test Principle. This test device can form a stable water
head difference between the inside and outside of the slotted
tube. Because of the water head difference is very small, the
water flow can be regarded as a laminar flow state, which fol-
lows Darcy’s law. Therefore, the whole device permeability
coefficient K [16] can be derived as

K = Q
2πLΔh ln re

rw
, ð1Þ

where Q is the volume of water flowing out of the overflow
tube per unit time; re is the outer barrel radius; rw is the slot-
ted tube radius; L is the geotextile height; and Δh is the water
head difference.

2.2. Test Materials and Procedures

2.2.1. Test Materials. The tailing sand used in the experiment
is taken from the third tailing pond of JinChuan Concentra-
tor. Due to the improvement of the beneficiation technology,
the particle size of the tailing sand obtained is extremely
small, which is measured by a laser particle size analyzer.
The content of each particle of the tailing sand is listed in
Table 1. The unevenness coefficient and curvature coefficient
of the tailing sand of JinChuan Concentrator are about 11.19
and 1.12, respectively. The gradation curve of the tailing
sand is shown in Figure 3. It can be found from this figure
that the gradation is good. According to Classification Stan-
dards of Soil (ISO/TC) [17], the tailing sand is ultrafine
granular soil with a natural dry bulk weight of 2.65 g/cm3,
a plastic limit of 15.49%, a liquid limit of 24.74%, and a per-
meability coefficient of 4.12e-5 cm/s. The tailing sand is fully
stirred and formulated to have a moisture content of about
35% and then left to stand for 24 hours to make it
completely saturated.

The short-line needle-punched geotextile with 400 g/m2

is selected in this study, which is widely used in tailing pond.
The equivalent diameter is 0.08mm [18]. The geotextile
thickness is 0.32 cm (as shown in Figure 4). According to
the test requirements, 6 samples of geotextiles with width
and length of 20 cm × 38 cm, 20 cm × 76 cm, 20 × 114 cm,
20 cm × 152 cm, 20 cm × 190 cm, and 20 cm × 228 cm are
cut, respectively, which are soaked in water for 24 hours
before test. Inside the development device, a 80 cm soft ruler
labeled with a scale is used to read the height of the water
head.

2.2.2. Test Procedure. The two-dimensional radial flow test is
conducted as following steps:

�e hole in the slot Groove Geotextile

Figure 1: The slotted tube construction.
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Step 1. Preparing the samples of the slotted tube overlay
geotextile

Wrap the slotted tube with sealed plastic, and then,
install it into the outer barrel. Add water between the outside
of the slotted tube and the inside of the outer barrel for half

an hour. If there is no water leakage, take out the sealed slot-
ted tube and cut the sealed plastic wrapping the slotted tube
with a height of 2 cm at a distance of 10 cm from the bottom.
Wrap the geotextile around the opening of the sealed plastic.
Then, wrap the geotextile with sealing plastic and into the
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Figure 3: Gradation curve of the tailing sand.

0.32 cm

Figure 4: Geotextile picture.

Table 1: Particle content of tailing sand used in the experiment.

Grain group >0.3mm >0.2mm >0.1mm >0.085mm >0.074mm >0.035mm

Percentage 0.15% 6.88% 3.02% 2.93% 19.23% 67.79%

Over flow

Overflow tube

Stainless steel barrel

Slotted tube

Geotextile

Bolts

(a) (b)

Figure 2: Two-dimensional radial flow device. (a) Equipment diagram, (b) equipment picture.
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outer barrel, then water flooding again to test the tightness.
If there is no water leakage, take out the slotted tube and
cut the sealed plastic wrapping the geotextile with a height
of 2 cm at a distance of 10 cm from the bottom (as shown
in Figure 5).

Step 2. Testing permeability coefficient of slotted tube
overlay geotextile

Add water to the self-developed device until there is
water flowing out of the opened overflow (as shown in
Figure 6). Meanwhile, record the water output of the water
outlet and time. By opening different overflow and the layer
number of the geotextile, the permeability coefficient of the
slotted tube overlay geotextile with different water head dif-
ference and geotextile layers can be tested and determined
by Equation (1).

Step 3. Making the slotted tube overlay geotextile
blockage

Put the prepared white steel mesh into the test device (as
shown in Figure 7). Then, add a certain height of tailing sand
between the white steel mesh and the slotted tube, as well as
a certain height of clean water between the white steel mesh
and the barrel. Add water to the outer barrel for 96 hours.

Step 4. Testing permeability coefficient of the slotted
tube overlay geotextile under tailings after cleaning the geo-
textile and measuring the particle size

After step 3, remove the slotted tube and wash the geo-
textile properly. The cleaned tailing sand is then measured
with a laser particle sizer analyzer. Then, repeat step 2. The

permeability coefficient of the slotted tube overlay geotextile
under tailings after cleaning the geotextile is studied.

3. Test Results

The above-mentioned test device and test steps were used to
study the permeation characteristics of the slotted tube over-
lay geotextile and to analyze the influence of water head dif-
ference, number of geotextile layers, and tailing sand on the
permeation coefficient of the slotted tube overlay geotextile.

3.1. Permeability Coefficient of the Slotted Tube Overlay
Geotextile before Blocking. After step 2, the permeability
coefficient K of the slotted tube overlay geotextile is test
and calculated by Equation (1), which are listed in Table 2.
From this table, it can be found that the permeability coeffi-
cient is affected by the water head difference and the number
of geotextile layers. In the subsection, the effects of the water
head difference and the number of geotextile layers are ana-
lyzed in detail.

3.1.1. Effect of Water Head Difference. The variation of the
permeability coefficients of the slotted tube overlay geotex-
tile with water head difference is shown in Figure 8 with con-
sidering different layer number. Two phenomena can be
observed from Figure 8. The first one is that the permeability

2 cm

Figure 5: Schematic diagram of the slotted tube overlay geotextile.

Figure 6: Schematic diagram of after water immersion.

Table 2: Permeability coefficient K of the slotted tube overlay
geotextile.

Water head
difference

1
layer

2
layers

3
layers

4
layers

5
layers

6
layers

2 cm 0.505 0.235 0.215 0.306 0.226 0.300

3 cm 0.489 0.211 0.222 0.293 0.235 0.318

4 cm 0.527 0.212 0.232 0.276 0.243 0.320

5 cm 0.492 0.198 0.248 0.287 0.252 0.321

6 cm 0.508 0.201 0.239 0.309 0.261 0.323

7 cm 0.516 0.216 0.242 0.300 0.266 0.325

Figure 7: Schematic diagram before adding tailing sand.
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coefficient of the slotted tube overlay geotextile shows a cer-
tain dispersion under the same number of layers and the
same water head difference condition. The reason for this
phenomenon is that, as one kind of nonwoven geotextile,
the short thread needle-punched geotextile consists of a
number of fiber layers, which are mechanically or chemically
cemented and then compacted repeatedly. Therefore, the
quality of the geotextile at different locations is different,
resulting in a discrete distribution of its thickness and pore
space [19, 20] (as shown in Figures 9 and 10). As the water
passing through the geotextile at different locations, due to

the uneven distribution of the pores and thickness, the water
output of the overflow tube in a unit time is different. Con-
sequently, the permeability coefficient has a certain discrete
nature. The second phenomenon is that the permeability
coefficient of the slotted tube overlay geotextile has a slight
increase with increasing the water head difference. The rea-
son for the phenomenon can be explained as follows. With
increasing the water head difference, the water flow rate
increases, which brings larger impact on the geotextile.
Under the action of large impact, grooves appear in the
direction of the geotextile thickness, as shown in Figure 11,
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Figure 8: Variation of the permeability coefficient of the slotted tube overlay geotextile with water head difference.
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which causes the geotextile fibers stretch and the increase of
pores [21],. Therefore, the permeability coefficient slightly
increases (as shown in Figure 8).

3.1.2. Effect of Geotextile Layers. The permeability coefficient
K of the slotted tube overlay geotextile under different geo-
textile layer numbers is plotted in Figure 12, respectively,
with fixing the water head difference Δh as 2 cm, 3 cm,
4 cm, 5 cm, 6 cm, and 7 cm. In general, the permeability coef-
ficient of the geotextile in thickness direction should be
maintained stable, which should be affected slightly by the
number of geotextile layers. However, it can be found from
Figure 12 that the number layer of geotextile has a certain
influence on the permeability coefficient of the slotted tube
overlay geotextile. In detail, the permeability coefficient of
the slotted tube overlay geotextile decreased rapidly as the
one-layer geotextile changing to be two-layer geotextile.
However, as the layer number increasing continually, the
permeability coefficient increases slightly. As the layer num-
ber approaching 6, the permeability coefficient increase
trend becomes steady. The main reason for the phenomenon
can be explained as follows.

As mentioned above, the thickness and pore space of
geotextile distribute uniformly [19, 20]. When two layers of
geotextiles freely overlap together, the pores between the
two layers cannot be completely overlapped. That is to say
the pores of the upper and lower layers cannot be completely
matched. As the water passing through the interface between
the two layers, a water layer between the two geotextile
layers will be formed, as shown in Figure 13, which can slow
down the water flow. Therefore, when the number of geotex-
tile layer increases from one layer to two layers, the perme-
ability coefficient of the slotted tube overlay geotextile
reduced significantly. However, the permeability coefficient
increases slightly with increasing the number of layer over
two layers. This phenomenon can be attributed to the
increase of the permeable area of geotextile (as illustrated
in Figure 14). The geotextile fabric not only has the perme-
ability characteristics in the vertical direction but also has
certain permeability characteristics in the horizontal direc-

tion [22]. So, the infiltration path is expressed not only in
the horizontal direction but also in the vertical direction.
Due to the slotted tube has a circular structure, the perme-
able area of the geotextile increases as the number of layers
increases. Therefore, with increasing the number of layers,
the permeability coefficient of the slotted tube overlay multi-
layer geotextiles is affected by two factors, i.e., water layer
formed at the interface which reduces the permeability coef-
ficient and increasing permeable area which enlarges the
permeability coefficient. As the effect of water layer formed
at the interface being larger than that of the increasing per-
meable area, the permeability coefficient deceases with
increasing the layer number of the geotextile. On the con-
trary, the permeability coefficient increases with increasing
the layer number of the geotextile. Based on the test data
in this study, the permeability coefficient of the slotted tube
overlay geotextile decreased rapidly first and then increase
slightly to a stable values with increasing the geotextile
layers. Deeper influence characteristic and mechanism of
geotextile layers on the permeability coefficient of the slotted
tube overlay geotextile need more effect in further studies.

3.2. Permeability Coefficient of the Slotted Tube Overlay
Geotextile after Blocking

3.2.1. Comparing the Permeability Coefficients before and
after Blocking. After step 4, the permeability coefficient K
of the slotted tube overlay geotextile under tailings after
cleaning the geotextile is calculated, which are listed in
Table 3. It can be observed from Table 3 that the permeabil-
ity coefficient of the slotted tube overlay geotextile after
blocking is significantly smaller than that before blocking.
Under the seepage pressure, fine particles of tailing sand
migrate. Some very small particles will pass through the geo-
textile and flow away. Since the pore size parameters of geo-
textile selected in the test do not match the particle gradation
of tailings, some larger particles might attach on the geotex-
tile surface (as shown in Figure 15(a)), and others stay in
geotextile (as shown in Figure 15(b)). Two factors lead to
cake clogging, which reduce the permeation of the geotextile

Geotextile pore space

Figure 9: Schematic diagram of pore distribution of geotextile.

Figure 10: Schematic diagram of geotextile thickness. Figure 11: Grooves in the direction of the geotextile thickness.
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[23]. Moreover, another finding can be found from Table 3
that the water head difference and layer number of geotextile
all have obvious effect on the permeability coefficient of the
slotted tube overlay geotextile after blocking, which is ana-
lyzed in the following subsection.

3.2.2. Effect of Water Head Difference. The permeability
coefficients of the slotted tube overlay geotextile after block-
ing under different water head difference are plotted in
Figure 16, respectively. It can be found in Figure 16 that
the permeability coefficient of the slotted tube overlay geo-
textile after blocking increases with increasing the water
head difference. With increasing the water head difference,
the water flow rate increases, which takes more tailings away

(as shown in Figure 17). Under the action of the result, the
penetration coefficient slightly increases (as shown in
Figure 16).

3.2.3. Effect of Geotextile Layers. The permeability coefficient
K of the slotted tube overlay geotextile under different geo-
textile layers are plotted in Figure 18, respectively, with fix-
ing the water head difference Δh as 2 cm, 3 cm, 4 cm, 5 cm,
6 cm, and 7 cm. It can be found from Figure 8 that the geo-
textile layers have a certain influence on the permeability
coefficient of the slotted tube overlay geotextile. In detail,
the permeability coefficient of the slotted tube overlay geo-
textile decreased rapidly as the one-layer geotextile changing
to be two-layer geotextile. Conversely, when the layer
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Figure 12: Variation of the permeability coefficient of the slotted tube overlay geotextile with geotextile layer number.
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Geotextile

Water layer

Pore space of geotextile

Water flow

Figure 13: Water flow through the geotextile.

Seepage area

Groove

Geotextile

Figure 14: Schematic diagram of the increase of water area.

Table 3: Permeability coefficient K of the slotted tube overlay geotextile after blocking.

Water head difference 1 layer 2 layers 3 layers 4 layers 5 layers 6 layers

2 cm 0.058 0.0142 0.0538 0.0618 0.0751 0.123

3 cm 0.0617 0.0152 0.0581 0.0705 0.0820 0.136

4 cm 0.063 0.0155 0.0598 0.075 0.0839 0.139

5 cm 0.0645 0.0163 0.0615 0.082 0.089 0.142

6 cm 0.0683 0.0167 0.0645 0.100 0.0987 0.146

7 cm 0.0706 0.0173 0.0693 0.103 0.107 0.153

(a) Attaching on the geotextile surface (b) Stay in the geotextile

Figure 15: Particles attaching on or staying in geotextile.
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Figure 16: Variation of the permeability coefficient of the slotted tube overlap geotextile layers under different head difference.

Geotextile

Tailings sand particles

Water flow

Figure 17: Schematic diagram of the increase of tailing sand particles in water flow.
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number continues to increase, the permeability coefficient
increases rapidly. As the layer number approaching 6, the
permeability coefficient reaches the peak.

4. Summary and Conclusions

In this study, a two-dimensional radial flow test device is
developed first. Then, with the aid of the test device, a two-
dimensional radial flow test is conducted to investigate the
drainage system of the slotted tube overlay geotextile. Based
on the test results, the permeability coefficients of the slotted
tube overlay geotextile before and after blocking are ana-

lyzed. Moreover, the effect of water head difference and geo-
textile layers on the permeability coefficient is also studied.
The following conclusion can be drawn as follows:

(1) The permeability coefficient of the slotted tube over-
lay geotextile before blocking under the same water
head difference condition has a certain discrete
nature, which has a slight upward trend with the
increase of water head difference. Moreover, the per-
meability coefficient has a downward tendency and
then increase slightly with increasing the number
of geotextile layers
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Figure 18: Variation of the permeability coefficient of the slotted tube overlay multilayer geotextile.
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(2) Under the seepage pressure, some particles might
attach to or stay in geotextile. Therefore, the perme-
ability coefficient of the slotted tube overlay geotex-
tile after blocking is significantly smaller than that
before blocking

(3) The permeability coefficient of the slotted tube over-
lay geotextile after blocking increases with increasing
the water head difference. With increasing the num-
ber of geotextile layers, the permeability coefficient
increases first and then decreases, which
approaching its minimum value at about two layers

Data Availability

The raw/processed data required to reproduce these findings
cannot be shared at this time as the data also forms part of
an ongoing study.
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