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Abstract. The site selection of tailings dam is basis to ensure the safe operation
in the later stage. Through numerical simulation, the influence degree of multi-
ple topographic factors on the seepage field of tailings dam is analyzed, and it is
found that the slope of bank slope on both sides of the valley, the longitudinal
slope ratio of gully valley and the bottom width of gully valley will have a cer-
tain influence on the seepage field of tailings dam. In order to reduce the seep-
age line of the seepage field of the dam, the orthogonal optimization method
was used to simulate the seepage field distribution of different horizontal drain-
age pipe diameters, pipe lengths, horizontal spacing, vertical spacing and buried
inclination angles under different operating water levels based on the topo-
graphic factor analysis model. The results show that the infiltration line can be
effectively reduced by the installation of the horizontal drainage pipe, and the
pipe diameter, horizontal spacing and buried Angle can effectively reduce the
height of the infiltration line. The mathematical model of the optimal horizontal
drainage pipe is proposed, which provides a certain reference for the three-
dimensional seepage safety analysis of the tailings pond.
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1 Introduction

With the increase of people's demand for mineral products, a large number of mineral
resources have been mined[1,2]. After separating concentrate, the remaining tailings
are hydraulically deposited into dams, which is not only a potential source of danger,
but also has great potential for secondary development[3,4]. A reasonable tailing res-
ervoir location will determine the construction type of the tailings dam[5] and even
the drainage mode. The characteristics of high water head of the tailings dam make
the analysis of the seepage field particularly important, and it is necessary to study the
influence of topography on the seepage field of the dam. Scholars have proposed a
variety of definition methods for topographic factors. Literature[6] proposed for the
first time that the ratio of average valley width to maximum dam height was used to
define the valley shape coefficient. Dang et al.[7] and Yang[8] gave quantitative defi-
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nitions of steep slope, asymmetric valley and narrow valley, and carried out stability
analysis of dam. The site selection of tailing ponds requires long and slow longitudi-
nal slope of gullies, which is rarely considered in previous studies.

To improve the stability of the tailings dam, reducing the saturation line is the most
effective way, how to choose the drainage facilities reasonably, scholars have given
their answers. Ali[9] studied the seepage field of tailings dam drainage systems under
saturated and unsaturated conditions; Jin et al[10] summarized the working principle
and advantages and disadvantages of typical seepage discharge facilities of tailings
dam; Yang et al[11] carried out a case study on the application of geotextile tubing in
tailings dams. The results showed that the method was effective in construction. Hu et
al[12] conducted a study on seepage control during the construction of a tailings dam
in sections. They concluded that a proper drainage system reduces the diving surface.
The paper[13,14] gave a comparison of the magnitude of the influence of different
seepage discharge facilities on the seepage elements of tailings dams and pointed out
that the horizontal seepage discharge pipe has the most significant influence on the
seepage volume. However, research about whether different seepage pipe arrange-
ments have different effects on the seepage field does not have a deep carry out.

In this paper, we are changing the slope of the bank slope, the width of the valley,
and the symmetry of the bank slope to study the influence of valley topographic fac-
tors on the seepage field, and using orthogonal preference method to discuss the in-
fluence of the spacing, inclination, pipe diameter, pipe length, and buried inclination
of the horizontal seepage pipe on the seepage field on this basis. At last, we concluded
the optimal layout of seepage pipe in different conditions. The results of the analysis
can provide references and suggestions for the selection of the site of the tailing pond
project and the selection of the seepage system.

2 Numerical calculation model

2.1 Geometric models

We are using Rhino to establish the surface of each stratum combined with the meas-
ured data and exporting to Abaqus for pre-modeling processing. It divided the calcu-
lation model into five regions, which are the starter dam, tail medium sand, tail silt,
tail clay, and bedrock. The stratification of tailings is shown in Fig.1 and material
calculation parameters in Table 1.
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Fig. 1. Section diagram of tailings dam
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Table 1. The material properties of the different parts

Sort K(m/s) p(kg/m3) c(Pa) 0] E(MPa) U
Tail medium sand 2.96x10 1810 11.8x10° 31.6 34 0.33
Tail silt 2.87%10% 1890 11.0x10° 26 34 0.3
Tail clay 2.18x10°¢ 1940 16.5x10° 24 29 0.27
Starter dam 2x10* 1900 1.6x10* 35 70 0.24
Bedrock 3.7x107 2450
oH Jon=0

The cutting boundary of the model is an impervious boundary .By de-
fault, all boundary conditions in Abaqus are impervious, so no additional setting is
required. Starter dam boundary and wetting surface boundary:

H:H(z):z (D
H=z
oH _, 2)
on

2.2 Calculation scheme

The minimum depth of the tailings dam can be a direct response to the dam of the
infiltration line location of high and low, but also commonly used in the project to
ensure the safety of the dam of the essential control indicators. Under different terrain
conditions, the seepage field distribution law of the tailing pond is different, and the
height and undulation of the terrain will affect the drainage of the tailing pond, which
in turn will affect the form of seepage discharge arrangement of the tailing pond.
Therefore, changing the slope of the bank slope a, the slope of the valley 6, the bot-
tom width of the tailing pond B, the study of individual valley topo-graphic factors on
the distribution of the seepage field of the tailing pond and the influence of topo-
graphic factors on the layout of the tailing pond seepage pipe, through comparing the
influence of different spacing of seepage pipes, different pipe diameters, pipe lengths,
and burial inclination on the seepage field of the tailings pond, and finally, supposing
a formula for calculating the optimal arrangement of seepage pipes. Fig.2 first illus-
trates the valley geometry used in this article.
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Fig. 2. Simplified valley geometric parameter diagram
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3 Analysis of calculation results

3.1  Simplified seepage field distribution

The coordinates of specific zero-pressure points in the model cell were calculated by
interpolation. We are keeping a1=18° and changing a2 to 5°, 30° and 63°. The infil-
tration line through the permeability coefficient of initial dam will be partially elevat-
ed; with the two sides of the bank slope at the same time increasing, the tailings dam
infiltration line will be gradually elevated. Fig.3(a) shows the buried depth of the
infiltration line on al side, which the influence of the altered side will slightly lift.
Fig. 3(b) shows the comparative distribution of the buried depth of infiltration line on
the altered side. When the valley slope is more significant, there will be a more obvi-
ous elevation of the dip line. At the same time, the slope of the mountain affects the
leach line. The greater the slope, the higher the height of the leach line of tailings
dam.
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Fig. 3. Elevation of the wetting line when only one bank slope is changed
Keeping a,= a,=18° and B=80m, changing 6 to 0°, 3°, 5° and 10° respectively. As

seen in Fig.4, the effect of the longitudinal valley slope on the dip line of the tailings
dam is more concentrated in the portion of the stockpile dam. When 6=0° or 3°, the
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change of the infiltration line is not apparent, but with a further increase of the valley
slope ratio, the depth of the infiltration line of the dam will increase.
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Fig. 4. The height of the infiltration line when the bottom width is different

Keeping a;= a,=18° and 6=5°, and changes B to 5 m, 20 m, 40 m, 80 m, 120 m,
and 200 m. From Fig.5, it can be seen that the increase of the bottom width of the
infiltration line height is gradually reduced when B is increased to 120m and 200m
when infiltration line of the difference between the impact has been little.
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Fig. 5. The height of the infiltration line is distributed when the bottom width is different

Compare calculation of the height of the infiltration line between other conditions
and the condition of a;=a,=18°, #=5°, B= 80m can visually reflect the degree of influ-
ence of each factor on the infiltration line of the dam. Fig.6 show the results concrete-
ly. The larger the area, the greater the difference. It can be found from this different
factors caused by the infiltration line difference line is relatively concentrated, and for
the tailings dam infiltration line of the degree of influence on the size of a>B>6, so in
the selection of the reservoir site should pay extra attention to the size of the two sides
of the slope of the valley.
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Fig. 6. Cumulative difference area between each working condition and standard

The slope of the valleys on either side, the gully aspect ratio, and the bottom width
of the tailings impoundment all impact the extent to which the tailings impoundment
seepage field is affected. Specifically, suppose the tailings impoundment lies in ter-
rain with steeper valleys and more excellent gully slopes. In that case, seepage is
more concentrated and more propitious to drainage than where it is gentle. The great-
er the valley slope on either side, the more significant the change in the tailings im-
poundment seepage field will likely be. The greater the longitudinal slope of the val-
ley, the distribution of the tailings storage seepage field. The bottom width of the
tailings pond will also have an effect on the distribution of the seepage field, and the
larger the bottom width, the more evenly distributed the seepage field may be.

3.2 The influence of horizontal drainage pipe on seepage field

The position of the horizontal drainage pipe usually depends on the type of dam and
the stress of its foundation. In the initial design of the drainage scheme, the geometric
requirements should be met first. The horizontal layout of the drainage pipe is deter-
mined by the width of the bottom and the slope of both sides of the valley, and the
longitudinal slope ratio of the valley determines the buried inclination and vertical
layout of the drainage pipe. We can preliminarily deduce the number of drainage
pipes laid by formula (3).

e B+tana /H, +tana, /H, — L

. 3)

Where: the letters represent had shown in Fig.2 above.

We are arranging the horizontal seepage pipe on the foundation model, connecting
the outlet of the seepage pipe and the longitudinal drainage channel, and carrying out
the drainage outside the dam by the shoulder drainage ditch on both sides. To analyze
the influence of different arrangements of seepage pipe on the leach line of the tail-
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ings pond and to discuss how to arrange the seepage pipe in order to achieve the most
economical seepage effect scheme. In this case, arrange the horizontal seepage dis-
charge layer from the height of 63.2m of the stacked dam.

The diameter, length, horizontal spacing, vertical spacing, and dip Angle of the
buried depth of the horizontal drainage pipe were selected as the six main influencing
factors under the operation conditions of three different water levels. The minimum
buried depth of the infiltration line was taken as the investigation index. L,s(6°) or-
thogonal test was carried out by orthogonal optimization method, and numerical
simulation was carried out by finite element method. Table 2 shows the specific
scheme.

Table 3 reflects the results analyzed by variance analysis. It can be found through
ANOVA that the P<0.01 of the pipe diameter of the seepage discharge pipe and the
horizontal spacing, and the factors have a highly significant effect on the test results,
and the P<0.05 of the depth of burial inclination and the vertical spacing are signifi-
cant, which will affect the stability of seepage of the tailings dam. However, com-
pared to others, the significance of pipe length and water level is weak. That is, the
length of the seepage discharge pipe and the set water level have a weak effect on the
infiltration field of the dam. The ANOVA method considers that it is only necessary
to choose the optimal level for the factors with significant effects and to choose the
appropriate level according to the actual need for the other factors that have less effect
on the test results. Therefore, the best collocation is A4BSC4D4E4F3.

Table 2. Calculated values of infiltration line burial depth under orthogonal analyses

. . lev- verti- . Mini-
NO _ bipe pip el cal inter- . bur{ed water mum burial
diameter e rang interval val mclmazlon level depth
/mm /m m m / /m /m

1 50 90 10 20 10 170 13.991
2 30 90 3 5 15 165 6.427
3 50 50 5 5 1 165 13.303
4 90 25 3 3 10 165 7.101
5 50 011 3 15 7 170 14.929
6 70 90 15 15 5 165 21.772
7 30 o 15 3 1 170 6.336
8 70 50 10 3 15 170 18.632
9 90 90 20 10 1 170 14.214
10 110 25 10 15 1 165 18.944
11 110 90 5 3 7 171.8 9.924
12 50 25 15 10 15 171.8 14.644
13 70 25 20 5 7 170 27.053
14 30 25 5 20 5 170 8.689
15 30 70 10 10 7 165 15.719
16 70 70 3 20 1 171.8 17.259
17 90 70 5 15 15 170 11.088

30 50 20 15 10 171.8 11.819

o]
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19 110 011 20 20 15 165 20.258
20 50 70 20 3 5 165 18.261
21 70 011 5 10 10 165 12.994
22 110 70 15 5 10 170 9.200
23 110 50 3 10 5 170 9.278
24 90 50 15 20 7 165 22.260
25 90 011 10 5 5 171.8 12.286
Table 3. Agent effect test table
sum of DO Mean L Signifi-
Source F significance
squares F square cant or not
modified model 720.070a 22 32.730 510.923 .002
. 4416.66  68944.10
intercept 4416.660 1 0 g .000
pipe diameter 266.872 4 66.718 1041.470 .001 YES
pipe range 21.443 4 5.361 83.682 .012 NO
level interval 203.470 4 50.868 794.043 .001 YES
vertical interval 71.427 4 17.857 278.743 .004 YES
buried inclina- YES
. 122.875 4 30.719 479.521 .002
tion
water level 33.983 2 16.991 265.234 .004 YES
error 128 2 .064
total 5743.747 25
Revised total 720.198 24

From perspective of the seepage control effect, reasonable arrangement of seepage
pipe can effectively control the buried depth and distribution of infiltration line in the
dam and improve the state of the seepage field to prevent the seepage damage to the
tailings dam, which is conducive to the stability of tailings dam. From the point of
view of the minimum buried depth of the infiltration line, the most beneficial way to
reduce the infiltration line is to control the horizontal distance of the drainage pipe.

3.3  Optimal seepage pipe placement

Due to the influence of valley topographic factors on the seepage field, it can be seen
from the above that the slope on both sides of the mountain has a significant influence
on the seepage field, and the inherent limitations of its geometric factors will affect
the layout of the drainage pipe. The layout plan of the drainage pipe should meet the
economic requirements and restrain the project cost under the premise of meeting the
safety of the dam. Therefore, the following mathematical model of horizontal drain-
age pipe layout is proposed in this paper. The objective function is:

minCzC(kg,d,m,n,Xd,Zd,w) 4)
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0= Q(kg,d,m,n,Xd,Zd,hl,hz) <[0]
st P=P(kg,d,mn, Xy, Zy,h,hy ) <[P] 5)

J = (kgodsm,n, X 4,2l ) <[]

Where: C is the total project cost of the horizontal drainage pipe layout scheme;
ko is the average permeability coefficient of the drainage pipe; O.[01.P.[P],J.[J]is
the permissible seepage volume, infiltration pressure, and hydraulic gradient under
actual and specific topographic conditions, respectively. d,m,n,X;,Z; Are the pipe
diameter, the number of each row, the number of rows, and the horizontal and vertical
spacing of the drainage pipe, respectively. ¢ is the average layout Angle of the drain-
age pipe iy, is the upper and lower water levels. The constraint conditions are ex-
pressed by the finite element numerical method rather than explicit form.

The average slope on both sides of the bank slope of the tailings dam built in a val-
ley is 18° and 23°, the longitudinal slope ratio of the gully and valley is 0°, the bottom
width of the gully is 40m, the initial dam is 30m, the total dam is 65m, and the exter-
nal slope ratio is 1:2.5. Model data are shown in Fig.7.

Fig. 7. Horizontal drainage pipe layout

The permeability coefficient of dam body is shown in Table 1. Permeability coeffi-
cient k, > 107 m/s . The value range of each parameter in the Technical Specification

for Tailings Stacking dam Drainage and Reinforcement Engineering GB1118-2015
and engineering experience is shown in the Table 4.

Table 4. Parameter reference value

Sort d(mm) L(m) (%) X 4(m) Zq(m)

Value 63~90 5~15 2%~4% 6~25 6~10

First, assume that the aperture is the recommended 63mm, the buried inclination is
2%, the horizontal spacing is 25m, the vertical spacing is 10m, and the drainage pipe
length is 15m. According to the model, M=m+mx>tms=3+4+4=11, n=3, C=165c¢y (co
is the unit price) can be calculated to solve the seepage flow, the seepage pressure of
the dam foundation, and the maximum hydraulic slope of the dam itself. Then, the
three parameters are taken as constraint conditions, and optimized according to the
sequence of pipe diameter, buried inclination Angle, horizontal spacing and vertical
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spacing, and the optimal parameter combination under different constraint conditions
is obtained. Table 5 shows calculation result.

Table 5. Calculation result

s.t. result
Plan ke(10° o
[0lm*s)  [P]  [J] ) dmm) ©%)  X(m) Z{m) M n C(RMB)

1 0.0781 08 012 1550 90 2 6 6 66 5 1138¢
2 0.0604 0.83 0.123 1517 80 2 6 6 66 5 1089¢
3 0.0450 0.85 0.128 1478 70 2 6 6 66 5 1039¢
4 0.0356 0.88 0.131 1443 63 2 6 6 66 5 990c
5 0.0369 0.88 0.132 1388 63 3 6 6 66 5 990c
6 0.0377 0.88 0.130 1.409 63 4 6 6 66 5 990c
7 0.0341 0.89 0.126 1315 63 4 10 6 41 5 6l5¢,
8 0.0154 09 0.126 059 63 4 25 6 18 5  270c,

So above scheme, the optimal solution is Plan 7.

4 Conclusion

The finite element software Abaqus was used to calculate the three-dimensional seep-
age field of a tailing dam with different discharge pipe arrangements for different
water level operating conditions. The calculation model assumes that the all-
directional permeability coefficients of the tailing sands and tailing soils are the same
and constant, and the following conclusions were obtained.

(1) The valley's shape needs to be considered when choosing the address of the
tailing pond. The topography has a particular influence on the seepage stability of the
tailing pond. Through several comparative analyses, the degree of influence of each
topographic factor is the slope of the two sides of the valley > bottom width> gully
longitudinal slope ratio. With the increase of the slope of both sides of the bank, the
infiltration line of the tailings dam will be gradually raised; under the action of gravity
of the tailings pond itself, the larger the slope of the gully valley is on the contrary, it
is conducive to the drainage of the dam. Nevertheless, at the same time, the increase
of the gully slope is not conducive to the structural stability of the dam; therefore,
when selecting the site, the longitudinal slope of the gully is relatively small, and the
flatter terrain is more suitable to establish the tailings dam.

(2) With the increase of the bottom width, the height of the leach line gradually de-
creases, and when we increase the bottom width to 120m, 200m, the influence on the
leach line has little difference. There should be a critical value of the bottom width in
the design of the tailings pond when approaching this critical value, that is, the most
favorable drainage size of the bottom width.

(3) When laying the horizontal seepage pipe, the pipe diameter, burying inclina-
tion, and horizontal spacing, compared to other influences on the height of the infiltra-
tion line, are more prominent. Therefore, when we design the drainage pipe's laid
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method, it needs to be considered first, based on which the vertical spacing can also
be adjusted. In the study of this paper, the pipe diameter of 90mm, burial inclination
of 10°, horizontal spacing, and vertical spacing of 15m of the deployment of the most
significant influence on the infiltration line.

(4) Combined with the above law, the actual production should also consider the

unevenness of the distribution of tailings sand caused by changes in permeability
coefficient and other impacts, as well as, according to the geological survey report
through the seepage pipe spacing and burying inclination of the reasonable design to
achieve the purpose of saving money and meet the design requirements.
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