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Chemical and physical clogging frequently occur in tailings dam. The clogging seriously influences the safety of tailings dam. This
paper conducts several column experiments to analyse the physical and chemical clogging of the Lixi tailings dam in China. The
experiment results of chemical clogging show that average flow velocity and permeability decrease by approximately 50% to 60%.
The experiment results of physical clogging show that these values decrease by approximately 50% to 70%. For physical clogging,
a higher hydraulic gradient could result in a larger extent of decrease in the permeability coefficient. The permeability did not
decrease when the hydraulic gradient was equal to 0.125. The results of chemical clogging column experiments show that ferrous
ion solution concentration is disproportional to the permeability coefficient. This scenario can be attributed to the extremely small
concentration gradients.

1. Introduction
Clogging is a ubiquitous phenomenon in nature and in
such projects as tailings dams, nuclear waste disposal, and
wastewater treatment [1–4]. These processes usually produce
precipitation and cause a reduction of porosity and permeability [1]. Owing to nonhomogeneous particle and existence
of different ions, clogging frequently occurs in tailings dams.
This scenario seriously influences the safety of a tailings
dam. For example, the Fonte Santa mine tailings dam in
Northeast Portugal failed on November 27, 2006, on account
of extraordinary rainfall and eventual clogging of the spillway
[5]. Thus, clogging is becoming a major public concern.
Clogging can be classified as chemical, physical, or biological clogging. Knowles et al. [6] identified different physical, chemical, and biological factors responsible for clogging.
The results showed that clogging was a major operational
and maintenance issue associated with the use of subsurface
flow wetlands for wastewater treatment and can ultimately
limit the system lifetime. Several types of clogging can
occur in a system. Two or three types of clogging can
occur simultaneously or in any order. Li et al. [7] analysed

the hydraulic conductivity of kaolin under different chemical
and biochemical conditions. Song et al. [8] investigated the
chemical and physical effects of sump screen clogging in
containment materials. Wang et al. [9] revealed the microbial
community structure of clogging in dewatering wells in an
open-cast mining area. Poonoosamy et al. [10] analysed the
dissolution-precipitation processes that could cause porosity
changes by tank experiments. The particle size of a tailings
dam is nonhomogeneous, and its leachate contains different
ions. Thus, under certain conditions, physical and chemical
clogging may both simultaneously occur in a tailings dam.
However, few researchers have studied simultaneous physical
and chemical clogging. Thus, an in-depth study on simultaneous chemical and physical clogging is necessary.
Similarities and differences exist between physical and
chemical clogging. The two types of clogging decrease the
permeability coefficient at the macrolevel. However, their
mechanisms are different at the microlevel. The cause of
physical clogging is the particles’ inhomogeneity. Small particles move into and block the pore sundering seepage action,
which lead to the decrease in permeability coefficient. Clogging then occurs. The cause of chemical clogging is chemical
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precipitation [1, 8]. The leachate of a tailings dam usually
contains heavy metal ions, such as ferrous ions, copper
ions, and aluminium ions. These ions can experience redox
reactions and produce precipitation. Redox reaction occurs
and generates precipitation that can block pores whenever
oxygen is sufficient. Chemical clogging then occurs.
Experiments are effective approaches to investigate clogging. Many laboratory column experiments have been conducted to observe the decrease in hydraulic conductivity
in chemical, biological, and physical clogging. For example,
columns filled with porous media were percolated by water,
which usually contains the nutrients necessary for microorganism growth. Changes in the hydraulic conductivity can be
measured by monitoring the flow rate and the hydraulic head
differences along the column [11–15]. Laboratory columns
were also used to study chemical clogging similar to bioclogging and physical column experiments [16–21]. Models that
incorporate relevant permeability and clogging are also built
to design such systems [22–25].
Meanwhile, studies of tailings dams considering physical
and chemical clogging are very few. Some of the studies
diverge from reality. For example, the concentration of the
ion solutions or the water head is too high. And there are
few studies that have researched the influence of hydraulic
gradient on physical clogging.
This paper focuses on the physical and chemical clogging
of Lixi tailings dam by performing experiments. Firstly,
water samples obtained from the Lixi tailings dam (Shaanxi,
China) were analysed with a DR 2800 spectrophotometer
to measure the water sample concentrations as close to
the actual situation as possible. Experiments were then
conducted on a laboratory-scale column on the basis of water
sample concentration data to study the relationship between
hydraulic conductivity and time.
Tailings samples were also obtained from the Lixi tailings
dam. The tailings particle size was analysed. Physical clogging
experiments on a laboratory-scale column modelled on the
tailings particle size obtained from the Lixi tailings dam were
also conducted to research the relationship between hydraulic
conductivity and time. The experimental conditions were
sufficiently controlled to provide a reliable database. Finally,
we compared the chemical and physical clogging conditions.

2. Project Profile and Set Investigation
The Lixi tailings dam is a valley-type tailings dam and is
located in Hua county of Shanxi province, China. It was built
in 1978 and started operating in 1983. Its location could be
seen in Figure 1. The purpose of the Lixi tailings dam is to
stock slag. The slag mainly consists of medium tailings. The
Lixi tailings dam is formed by two period dams. The initial
dam that is used to support the slag was built with gravel
at a height of 40.5 meters. This initial dam has strong water
permeability. The latter dam was formed by slag. The slag was
accumulated by instalment through the upstream method.
More than 30 retaining dams were formed by slag. Figure 2
shows a picture of the current situation of the Lixi tailings
dam on December 10, 2012. The average downstream slope
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Figure 1: The location of Lixi tailings dam.

Figure 2: Current situation of the Lixi tailings dam (December 10,
2012).

of the retaining dams is 1 : 5. The Lixi tailings dam’s height
was designed to be 164.5 meters, its designed capacity is 165
million cubic meters, and its service length is 32 years. This
dam is a second-class tailings dam.
Firstly, to ensure a full understanding of the ion concentration in the tailings leachate of the Lixi tailings dam, six
different sites (see Figure 1) were selected and three types of
ions (i.e., ferrous ion, total iron, and hexavalent chromium)
were tested using a DR 2800 spectrophotometer. The six sites
were selected along different dam heights. The test results are
listed in Table 1.
The data in Table 1 showed that the ferrous ion concentration was high. Ferrous ion can produce redox reactions
and precipitation such as iron hydroxide. Finally, the precipitations clog the tailings and drain porosity that decreases
permeability. Figure 3 shows chemical clogging in the Lixi
tailings dam.
Secondly, we brought tailings samples from the Lixi tailings dam to the laboratory to analyse the tailings composition
in the dam. This sample was dried and sieved to determine its
sizes (Table 2).

3. Experimental Methods
3.1. Physical Clogging Experimental Method. Figure 4 shows
picture of the physical clogging experimental setup. The
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Table 1: Three ion concentrations of the Lixi tailings dam at different sites (mg/L).

Number
Location
Ferrous ion
Total iron
Hexavalent chromium

1#
The middle of
tailings dam
0.49
1.36
0.001

2#
Left bank of
the initial dam
0.13
5.32
0.047

3#
Right bank of
the initial dam
0.16
4.02
0.044

4#
River’s
upstream
0.28
1.09
0.011

5#
River’s
downstream
0.24
1.02
0.012

6#
The middle of
the river
0.37
1.04
0.015

Table 2: Tailings sizes obtained from the Lixi tailings dam.
5
Outlet

Piezometric
tube

The water tank
Active metal frame

Percentage composition (%)
6.04
38.32
37.68
9.32
8.14

2 2 2 22 2 2 2

Nominal diameter (mm)
0.63
0.315
0.16
0.08
<0.08

Inlet

(a)

(b)

Figure 3: The chemical clogging of the Lixi tailings dam ((a) drainpipe, (b) surface drain).

diameter of the entire column was 5 cm and its height was
14 cm. The first 2 cm from the inlet was a water column
that flowed from the water tank. A steel mesh separated
the water column and transition layer. Approximately 2 cm
of transition layer filled the top of the water column. An
8 cm tailings column was also placed at the transition layer
top. Above the 8 cm tailings column, there also was a 2 cm
water column linking the outlet. The water tank was used
to maintain a steady water level during the experiments.

Figure 4: Physical clogging experimental setup (all distance numbers in the figure are in cm).

The height difference of the water tank and column formed
different hydraulic gradients.
Table 2 indicates that the sizes of 0.315 mm and 0.16 mm
account for 76% of the total tailings. The proportion of the
two sizes is near 1 : 1. Thus, the two tailings sizes were used
for physical clogging experiments. So the 8 cm long clean
tailings column was filled with a mixture of 0.315 mm and
0.16 mm tailings cleaned with water at 1 : 1 proportion. The
column experiment characteristics are shown in Table 3. The
tailings column packing was as homogeneous as possible. The
hydraulic gradient had a fixed value from the beginning of the
experiments to the end. The flow direction was upwards from
the inlet chamber to outlet chamber at the top. This approach
ensured that all of the tailings were saturated. Four piezometric tubes (i.e., p1, p2, p3, and p4) were placed in the column.
p1 was located between the tailings and transition layer. The
remaining three piezometric tubes were 2 cm higher than one
another, as shown in Figure 4. The four piezometric tubes
were used to observe the change in permeability coefficient
at different heights. During the experiment, the air was
exhausted through the four piezometric tubes.
Four groups of physical clogging experiments (i.e., experiments 1, 2, 3, and 4) were designed. The only difference
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Table 3: Characteristics of the physical column experiments.

Ferrous ion solution

2

2 cm

2 22

2

8 cm
0.315 mm and 0.16 mm
1:1
0.237 kg
1.25, 0.625, 0.25, and 0.125

between the four groups of experiments was the hydraulic
gradient. Experiment 1 had a hydraulic gradient of 1.25.
Experiments 2, 3, and 4 had hydraulic gradients of 0.625,
0.25, and 0.125, respectively. Each of the hydraulic gradients
remained unchanged. All other experimental conditions were
the same in the four groups of physical clogging experiments.
The hydraulic gradient was measured by the four piezometric
tubes at different heights. The tailings columns were continuously fed with clean water during the experiments. The
changes in hydraulic conductivity with time were monitored
by measuring the water head changes between two piezometric tubes and flow across the tailings column.
3.2. Chemical Clogging Experimental Method. The ferrous
ion’s concentration was the highest based on the set investigation results of the tailings leachate in Table 1. Thus, ferrous
ion was used to analyse chemical clogging in this study.
Ferrous ion oxidises when it comes into contact with air.
This reaction then produces iron oxide that is nonsoluble and
blocks the pore. Several column experiments were designed
to determine how ferrous ion causes chemical clogging.
The chemical clogging column experiments and their
setups were similar to those of physical clogging. Figure 5
shows picture of the chemical clogging experimental setup.
The diameter of the entire column was 5 cm and its height
was 14 cm. The first 2 cm from the inlet was a water column
that flowed from the water tank. A steel mesh separated the
water column and tailings. Approximately 10 cm of tailings
filled the top of the water column. A 2 cm water column was
also placed at the column top linking the outlet. There was no
transition layer in the physical clogging to avoid the clogging
in it. The water tank was used to maintain a steady water level
during the experiments. The ferrous solution was in the water
tank.
The tailings columns were continuously fed with a solution. The changes in hydraulic conductivity with time were
monitored by measuring the flow across the tailings column.
The four piezometric tubes along the tailings column were
not used in the chemical clogging experiments because the
experimental results show that clogging only occurred in
the 1 cm to 2 cm section above the tailings bottom (during
the experiment, the air was exhausted through the four

Fixed metal frame

2

5 cm
14 cm

Outlet

2

Column diameter
Column length
Distance between inlet and
transition layer
Tailings column length
Tailings size
Tailings proportion
Tailings weight
Hydraulic gradient (experiments 4,
5, 6, and 7)

5

Value

2

Parameter

Inlet

Figure 5: Chemical clogging experimental setup (distance numbers
are all in cm).

piezometric tubes). Thus, we focused on the entire tailings
column’s permeability coefficient in chemical clogging.
Three ferrous solution concentrations were prepared to
observe how the different concentrations influence chemical
clogging. The three concentrations were all produced on the
basis of the data in Table 1 to approximate the actual situation.
These concentrations were 0.4 mg/L to 0.5 mg/L, 0.3 mg/L to
0.4 mg/L, and 0.2 mg/L to 0.3 mg/L. So there were 3 groups of
column experiments designed in the chemical clogging (i.e.,
experiments 5, 6, and 7). The solution was configured with a
DR 2800 spectrophotometer.
All the tailings columns were filled with homogeneous
tailings in the chemical clogging column experiments. The
data in Table 2 showed that the tailings size of 0.315 mm was
selected because its proportion is the largest among the components of the Lixi tailings dam. Three experiment groups
were organized in chemical clogging. Each experiment used
a fixed hydraulic gradient of 0.5. The only difference was
the ferrous ion solution concentration. The characteristics of
chemical clogging column experiments are listed in Table 4.

4. Experimental Results
4.1. Physical Clogging Column Experimental Results. The
results of the physical clogging experiments showed that the
average velocity in the tailings column decreased firstly and
then remained substantially constant, which is similar to the
chemical clogging results. The data in Figures 6 and 8 showed
that the average flow velocity had a rapid decrease in the first
15 hours. Figure 10 showed that this decrease occurred in 30

Journal of Chemistry

5
1.20

Table 4: Characteristics of the chemical column experiments.
Parameter

1.00

Value

5
14
2
10
0.315
0.245
0.5
0.4–0.5,
0.3–0.4,
and
Ferrous ion solution concentrations (mg/L)
0.2–0.3

0.60
0.40
0.20
0.00
0

20

40

60

80

100

Time (h)
The top layer

The lowest layer
The middle layer

0.020
0.015
0.010
0.005
0.000
0

20

40

60

80

100

Time (h)

Figure 6: Relationship between the average flow velocity in the
tailings column and time under the hydraulic gradient of 1.25
(experiment 1).

hours. All the average flow velocity values remained stable
after the decreasing stage. These values decreased by 69.6%,
66.5%, and 55.6% under the hydraulic gradients of 1.25, 0.625,
and 0.25, respectively. In Figure 12, the average flow velocity
slowly decreases by 38.4%.
The tailings column in physical clogging was artificially
divided into three small columns along the height. The lowest
layer was between p1 and p2, the middle layer was between p2
and p3, and the top layer was between p3 and p4. The distance
between every two piezometric tubes was 2 cm.
The permeability coefficients 𝐾1, 𝐾2, and 𝐾3 (all
expressed in 𝑘𝑡) for the tailings column between the two
piezometric tubes were calculated from the observed changes
in average hydraulic head gradients. Figures 7, 9, 11, and
13 are the relationship curves between 𝑘𝑡/𝑘0 and time of
the tailings column at different heights under the different
hydraulic gradients. These hydraulic gradients were 1.25,
0.625, 0.25, and 0.125, respectively. Figure 14 shows the change
permeability coefficient over time under different hydraulic
gradients.
Figures 7, 9, and 11 showed that all the lowest layers’
permeability coefficient decreased, which confirms that physical clogging occurred in this layer. Figure 13 showed that
this phenomenon did not occur at the hydraulic gradient
of 0.125. This observation suggests that a critical water head
exists to avoid physical clogging. Figures 9, 11, and 13 showed

Average flow velocity (cm/s)

Figure 7: Relationship between 𝑘𝑡/𝑘0 and time in different layers
under the hydraulic gradient of 1.25 (experiment 1).
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Figure 8: Relationship between the average flow velocity in the
tailings column and time under the hydraulic gradient of 0.625
(experiment 2).
1.40
1.20
1.00
kt/k0

Average flow velocity (cm/s)
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0.80
kt/k0

Column diameter (cm)
Column length (cm)
Distance between inlet and tailings (cm)
Tailings column length (cm)
Tailings size (mm)
Tailings weight (kg)
Hydraulic gradient

0.80
0.60
0.40
0.20
0.00
0
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100

Time (h)
The lowest layer
The middle layer

The top layer

Figure 9: Relationship between 𝑘𝑡/𝑘0 and time in different layers
under the hydraulic gradient of 0.625 (experiment 2).

that the permeability coefficient in the middle and top layers
remained approximately the same. However, Figure 7 showed
that the permeability coefficient in the two layers decreased
at the hydraulic gradient of 1.25. This observation showed
that physical clogging can deepen with a higher water head.
Thus, the water head largely influenced the physical clogging.

Journal of Chemistry
1.40

0.009
0.008
0.007
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Figure 10: Relationship between the average flow velocity in the
tailings column and time under the hydraulic gradient of 0.25
(experiment 3).
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Figure 13: Relationship between 𝑘𝑡/𝑘0 and time in different layers
under the hydraulic gradient of 0.125 (experiment 4).
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Figure 11: Relationship between 𝑘𝑡/𝑘0 and time in different layers
under the hydraulic gradient of 0.25 (experiment 3).
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Figure 14: Relationship between 𝑘𝑡/𝑘0 and time in the lowest layers
under different hydraulic gradients.
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condition implies that the higher the hydraulic gradient, the
smaller the permeability.
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Figure 12: Relationship between the average flow velocity in the
tailings column and time under the hydraulic gradient of 0.125
(experiment 4).

Does a higher hydraulic gradient increase the clogging speed?
Figure 14 showed that the permeability coefficient always
reached a fixed value. However, the time to reach the fixed
value was essentially the same. Thus, the experiments did
not prove that a higher hydraulic gradient resulted in faster
clogging speed. Figure 14 showed that the permeability
coefficients that reached the fixed value were different. This

4.2. Chemical Clogging Column Experimental Results. Three
groups of column experiments were organized for chemical
clogging. The experiment results showed that the average
velocity in the tailings column decreased. The average flow
velocity continued to decline in the first 100 hours and then
remained stable in Figure 15. The drop in the average flow
velocity reached 56.6% in experiment 5. Experiments 6 and
7 reached 94.4% and 55.8%, respectively.
The permeability coefficient, 𝑘𝑡, for the 10 cm tailings column was calculated in the fixed hydraulic gradient: 0.5. The
initial permeability coefficients 𝑘0 of the three experiments
were, respectively, 4.9 × 10−4 m/s, 4.2 × 10−4 m/s, and 4.0
× 10−4 m/s. Figure 16 is the three relation curves between
𝑘𝑡/𝑘0 and time under different concentrations of ferrous ion
solution. The permeability falling rate of experiment 6 is the
fastest, while the falling rate of the concentration of 0.4–
0.5 mg/L is in the second place. The falling rate of experiment 7

7
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Figure 15: Relationship between the average flow velocity in the
tailings column and time.

Figure 17: Relationship between 𝑘𝑡/𝑘0 and time in the lowest layers
in physical and chemical clogging.

1.20
1.00

0.5 mg/L introduced in Section 4.2. The bottom curve is
the physical and chemical clogging experiment. Under the
same experimental condition, the difference between two
curves showed the contribution of physical clogging. The
results showed that the physical and chemical clogging were
important for permeability of tailings.
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Time (h)

120

140

160
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Figure 16: Relationship between 𝑘𝑡/𝑘0 and time of the entire tailings
column.

is the lowest. The phenomenon of the drop of the average
flow velocity and permeability coefficient shows that the
concentration of the ferrous ion solution is not proportional
to the permeability coefficient. The reason may be that the
gradients of the concentration were too small. But in the three
experiments the permeability coefficients all had a drop.

5. Comparison of Physical and
Chemical Clogging
To research how clogging in the Lixi tailings dam occurs,
another clogging column experiment was done. The condition and procedure of experiment were similar to the above
chemical clogging experiments. The tailings obtained from
the Lixi tailings dam were used to fill the column in this
experiment. The ferrous ion solution concentration was from
0.4 mg/L to 0.5 mg/L. Physical and chemical clogging both
occur in this experiment because of the tailings heterogeneity obtained from the Lixi tailings dam. Figure 17 shows
the relationship between 𝑘𝑡/𝑘0 and time. Two curves are
shown in this chart. The top curve is the chemical clogging
experiment 5 in the ferrous ion solution of 0.4 mg/L to

6. Conclusion
All the experiments reveal the reduction in tailings permeability. This result proves the existence of clogging in the
Lixi tailings dam. The average flow velocity and permeability
coefficient in the chemical clogging experiments decreased
by approximately 50% to 60%. These factors decreased by
approximately 50% to 70% in the physical clogging experiments. The time to reach a clogging balance in the chemical
clogging experiments was approximately 100 hours, whereas
the physical clogging experiments required only an extra
10 hours. Thus, physical and chemical clogging can both
occur in the Lixi tailings dam. When physical clogging
reached a balance, chemical clogging continued to decrease
the permeability. Finally, the permeability can decrease by less
than 50%. This condition can seriously influence dam safety.
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