Open Access

A4

http://pubs.acs.org/journal/acsodf

This article is licensed under CC-BY-NC-ND 4.0 @ @ @ @

Experimental Study on Tailings Deposition Distribution Pattern and
Sedimentation Characteristics

Sen Tian,* Ying Zhao, Yuanheng Gong, and Guangjin Wang™

I: I Read Online

[l Metrics & More |

Cite This: ACS Omega 2024, 9, 19428-19439

ACCESS |

Article Recommendations

ABSTRACT: Tailings pond accidents frequently occur during an extended period,
resulting in loss of life and property, wastage of resources, and environmental
pollution. Relying on tailings pond engineering, this paper carried out sample
particle fragmentation experiments and settling column experiments to explore the
deposition distribution pattern of tailings in both horizontal and vertical directions as
well as the impact of particle size distribution on the sedimentation stratification
effect. The results show that the median particle size on the dry beach surface in the
horizontal direction slowly decreased with the increase in the distance from the
subdam. The particle size of tailings showed great fluctuations in the vertical
direction, which gradually became finer with the increase in the depth overall. At the
same time, saturated sedimentation experiments suggested the inconsistent variation
rule with the field test, namely, coarse on the bottom and fine at the top, and the
change in particle size greatly affected the tailing sedimentation stratification effect.
With the increase in fine particle content in tailings, the appearance time of the water—sand interface was shortened to within 30
min, but the sedimentation and consolidation completion times were delayed to about 1400 min. The settling column results
indicate that the increase in fine particle content gradually weakened the sedimentation stratification effect, and the sedimentation
pattern transformed from independent sedimentation to floc-type average sedimentation, which led to the enhanced water-retaining
property of the settled layer. This may lead to an increase in the saturation line and a decrease in the length of the dry beach,
seriously affecting the safe operation of the tailings pond. The research results provide some theoretical guidance and basic data for

points on dry
beach surface

analyzing the consolidation efficiency of tailings and the stability of the tailings pond.

1. INTRODUCTION

With the development of the mining industry, safety problems
caused by tailings have become one of the most serious
problems in mining engineering. The research on tailings dam
has thus attracted increasing attention.”” Tailings ponds are
the places in which tailings pile and other industrial waste
residues from metal and nonmetal mines reside after
beneficiation.”* The sources of man-made and mud-rock
flow have a high potential energy and potential risk of dam
breaking.s_7 According to statistics, the number of dams has
reached 12,000 in China, and tailings have grown by more than
600 million tons each year.” Once an accident occurs, it may
cause subsequent accidents such as landslides and debris flow,
leading to the loss of life and gproperty, wastage of resources,
and environmental pollution.” "' In the diverse damming
technologies, the dam body of the tailings pond is mostly
formed through the sedimentation and accumulation of the
discharged tailings."> The sedimentation and consolidation
rules of tailings will directly affect the dam body structure,
including the dry beach length, dam body slope, and saturation
line height, which is an important factor that affects the tailings
pond stability and an important internal cause of the failure of
the tailings pond."*™"> The settling column experiment can
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also help us better understand the formation mechanism of
cross-bedding and the lens during the sedimentation process of
tailings. On the one hand, they may hinder the vertical seepage
of tailings water and raise the saturation line of the dam body.
On the other hand, their strength may decrease after being
softened by immersion, making it easy to form potential sliding
surfaces. Therefore, investigation of the sedimentation effect of
tailings ore pulp and sedimentation and consolidation
properties can not only provide basic data for the analysis of
tailings pond stability but also optimize the damming pattern
of tailings pond on this basis.

On the one hand, the engineering characteristics of tailings
are not only determined by the physicomechanical properties
but also related to the deposition characteristics.'®'” Due to
the impacts of ore drawing, damming technique, tailings piling
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Figure 1. Engineering field of the tailings pond: (a) dry beach; (b) slope surface; (c) sampling points on dry beach surface; and (d) initial dam.

modes, tailings properties, and tailings dam type, there are
variations of the tailings particle size at different deposition
sites after hydraulic sorting,'*"*° along with phenomena like
cross-bedding, leading to the anisotropy of tailings dam body.
The changes in particle size would result in variations in the
dry beach and permeability of dam materials. That not only
changes the length and slope of the dry beach but also affects
the tailings dezposition effect, finally affecting the stability of the
tailings dam. =23 Therefore, it is of great significance to
analyze the characteristics of tailings particle size distribution
for analyzing the tailings dam stability and guiding the
optimization of the mine ore-drawing mode.

On the other hand, the sedimentation and consolidation
properties of tailings are the key factors determining the overall
consolidation deformation rules of the tailings dam.”*** When
the sedimentary properties of tailings are analyzed, settling
columns are usually used for experiments. Some studies have
proposed that computed tomography (CT) scanners and
three-dimensional (3D) ultrasonic Doppler flow velocity
profilers can be used to study the formation mechanism of
sedimentary interlayers, suggesting that particle size is a key
influencing factor in the formation of interlayers. Some
scholars analyzed the influence of initial water content on
the soil sedimentation property and discovered that the
sedimentation stabilization time and the initial water content
exhibited good power exponent relationship.””*” Meanwhile,
temperature and pH value also affect the pore water pressure
and cohesion of taﬂings.28’29 However, tailing particle size
distribution has a relatively more significant influence on
sedimentation and consolidation. Some scholars carried out
static sedimentation tests of ultrafine tailings to investigate the
sedimentation time-history effect of tailings and compare the
sedimentation and consolidation properties of sandy and
viscous tailings in still water.”"~>* With regard to numerical
simulation, numerous studies simulated the grain flow based
on the discrete element method to analzze the motion rules of
different particles under water power.”” > To sum up, the
change in tailings particle size will affect the self-weight
sedimentation and consolidation processes, which may lead to

changes in tailings pond parameters, such as dry beach surface
and saturation line height.

Aiming at these problems, based on a practical upstream-
method tailings dam, this study investigated the tailings
deposition patterns on the dry beach surface and in the vertical
direction of the tailings dam through field and laboratory
experiments. Ulteriorly, saturated sedimentation experiments
were carried out to explore the impact of particle size
distribution on the sedimentation stratification effect. The
research results would provide certain theoretical and practical
guidance for the risk assessment of tailings dams and the
optimization of the ore-drawing mode.

2. METHODOLOGY

2.1.Field and Laboratory Experiments. 2.1.1. Engineer-
ing and Geological Conditions. This tailings pond is located
in Liangshan Prefecture, Sichuan, China, with an altitude of
430.80—1950 m. As the fault blocks midmountain terrain and
platform midlow-mountain terrain, it is mainly characterized
by structural erosion and secondary by erosion accumulation.
The lithologies are clastic rock, carbonate rock, and volcanic
sedimentary rock. The caprock strata are the Sinian
Guanyinyan Formation, the Dengying Formation, and the
Triassic Daging Formation. The structure mainly shows the
development of the northeastern fracture and nearly east—west
compound anticlinal belt development. Because it is located at
26° north latitude, there is a clear distinction between dry and
wet seasons under the influence of tropical monsoon. The
average annual precipitation is 1124.9 mm, and the highest
annual precipitation is 1661.6 mm.

The main deposits are iron and copper tailings. After
expansion, the final stacking elevation is 2090 m and the total
dam height is 147 m. The total storage capacity is 38.436
million m?, and the effective storage capacity is 33.893 million
m?®, which is second-class storage. The initial dam of the
tailings pond consists of stone masonry. It has a crest elevation
of 1941 m, a designed dam surface width of approximately 4.45
m, and a dam height of 32.7 m. As of May 2023, the usage
elevation of the tailings pond has reached 2005 m at a dam
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height of 63 m and the accumulated tailings are 3.2 million m>.

The tailings pond is of valley type, with an altitude of 1945 m
in the dam site area. As a terrain with alternating middle
mountains and valleys, the slopes on both sides of the reservoir
area are gentle, and the slope varies with the terrain by about
25—35°. Reservoir rock is mainly limestone, with stable
mountains. The tailings are used for dam stacking, starting
from the dam crest height of 1975 m. Through the upstream
tailings dam construction method, the height of each subdam
is 5 m, while the ratio of the subdam to the outer slope is 1:3.5.
The coarse-grained tailings deposited in front of the reservoir
are used to build subdams. The real engineering field of the
tailing pond is shown in Figure 1.

2.1.2. Tailings Sampling and Screening. Tailings at the
discharge outlet and different positions of the dry beach
surface were selected as the samples for the experiment to
investigate the horizontal deposition characteristics on the dry
beach surface. Moreover, three sampling lines were set at
appropriate locations on the dry beach surface, which were the
approximate midline, and the sampling lines 75 m away from
the midline at both sides (Figure 2). Additionally, three

Tailings pond
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- A 313
Dry beach 210 4 * j
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19 4 39 4
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e 4 HY 24 H2 34 A H3
3 4 23 33 4
1 4 22 32 A
114 2 1 31 4
75m 75m
Tailings fill dam

Figure 2. Positions of three sampling lines on the dry beach surface.

different vertical positions at the stacking dam were selected
for drilling, and tailing samples at different depths were
collected to analyze the vertical deposition characteristics of
the tailings dam.

This study adopted the laboratory experiment to analyze the
particle composition of the tailings sample. Therefore, the
water screening method was selected when the particle size was
over 0.074 mm (+0.074 mm),”>*° whereas the LS13320/VSM
+ laser particle analyzer was utilized for measurement when the
particle size was less than 0.074 mm (—0.074 mm).

2.1.3. Statistical Analysis of Tailings Particle Composition.
The original tailings were randomly selected and divided into
five groups, numbered 1—35. The tailings content with particle
sizes less than 0.074 mm (—0.074 mm) in the five groups was
screened. The finest particle size of tailings is within the iron-

bearing tailings groups, the particle size of —0.074 mm ranges
from 37.56 to 43.02%, with an average of 40.78%. Other results
are indicated in Table 1.

2.2. Settling Column Experiments. The four groups of
tailings samples (S;, S, S; and S,) were collected from
different positions on the dry beach surface of the tailings
pond. The analytical test results of the particle size content are
shown in Table 2.

Table 2. Particle Size Content of the Four Settling Groups

Si
10.66

S
24.52

S3
45.87

5,
58.81

group no.
tailing content (—0.074 mm)/%

As shown in Figure 3, through full stirring, the samples were
tested in flasks (diameter S cm X height 20 cm), and the
process of the experiment with settling characteristics was
recorded (at 0—1500 min) until the sedimentation stopped.

3. RESULTS AND DISCUSSION

3.1. Tailings Particle Gradation. Soil mass particle
composition is one of the major factors affecting its
physical—chemical properties, and the measurement indexes
are coeflicient of uniformity (C,), coefficient of curvature (C.),
and median particle diameter (Ds,), which are shown as
follows®”

C, = Do/ Dy (1)

)

where D, is the mass of soil less than this size accounts for
10% of the total soil mass; Ds, represents the mass of soil less
than this size accounts for 30% of the total soil mass; and Dy,
denotes the mass of soil less than this size accounts for 60% of
the total soil mass.

A greater C, value indicates a higher degree of soil particle
nonuniformity. Soil with a C, value of greater than § is referred
to as nonuniform soil; otherwise, it is called uniform soil. C,
reflects whether the slope of a curve is continuous.

The particle size composition is usually expressed as the
average particle size™

D= (RxD)/Q R, 3)

where D; is the median of a particle size group and R, indicates
the percentage of the particle size group.

In Table 3, there is little difference in particle size between
the tailings after rock elimination and the mixed tailings, while
the iron-bearing tailings are obviously coarser than the former
two. However, the particle size composition of the original
tailings is normal overall.

3.2. Tailings Deposition Distribution Pattern.
3.2.1. Tailings Deposition Characteristics on Dry Beach
Surface. When the tailings pulp is being discharged into the
interior pond, the interactions between particles as well as

C. = D3,/(Dgy X Dyy)

Table 1. Average Content of Original Tailings with a Particle Size Less Than 0.074 mm (—0.074 mm)

tailing content (—0.074 mm)/%

tailings type no. 1 no. 2 no. 3
iron-bearing tailings 37.66 43.02 42.98
mixed tailings 52.2§ 46.85 53.92
rock-eliminating tailings 51.88 47.97 52.02

19430

no. 4 no. 5 average percentage/% tailings type
37.56 42.66 40.78 sandy silt
49.86 53.31 51.24 fine sand
46.89 52.44 50.24 sandy silt
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Figure 3. Settling column experiments.

Table 3. Statistical Characteristic Values of the Particle Size Composition of Original Tailings

sample Dy (mm) Dy, (mm)
iron-bearing tailings 0.0058 0.0411
mixed tailings 0.0037 0.0196
rock-eliminating tailings 0.0039 0.0233

Dgo (mm)

Dyo (mm) D (mm) C, C.
0.1491 0.1104 0.0792 25.70 1.96
0.0849 0.7081 0.0491 22.94 1.22
0.0983 0.0756 0.0502 25.21 1.42

between particles and flow have resulted in extremely
complicated motion of tailings particles on the dry beach
surface.”””” In order to understand the particle size
distribution of tailings, the samples were collected at the
tailings discharge outlet, in front of the dam, and at the pond
tail, respectively, for the screening experiment.

In Figure 4, compared with the tailings particle size at the
discharge outlet, the tailings particle size on the dry beach

. 100 —=— Tailings particles in front of the dam
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Figure 4. Gradation curves of tailings at different locations on the dry
beach surface.

surface was significantly changed but was similar to the particle
size changes in front of the dam and at the pond tail. It was
suggested that, after discharging, the tailings were screened by
water flow, the coarse particles deposited first, while the fine
particles deposited later, so the tailings particles showed the

deposition characteristics of coarse anteriorly and fine
posteriorly.

Figure 5 displays the tailings deposition distribution
characteristics at three different locations on the dry beach

—4— 60m away from the sub-dam
120 = —=— 30m away from the sub-dam
—e— 5m away from the sub-dam
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9,

Figure S. Particle content at different locations on the dry beach
surface.

surface (S, 30, and 60 m away from the subdams on the dry
beach surface). It is observed from the figure that the tailings
show the rule of coarse anteriorly and fine posteriorly on the
dry beach surface on the whole. First, at the location 5 m from
the subdams, the tailings particle size mainly focused on 0.25—
0.5 mm, while that at the 30 m location mainly focused on
0.1—0.25 mm, and that at the 60 m location focused on 0.1—
0.25 mm. The reason was assumed that, after the tailings pulp
was discharged, the coarse particles first deposited due to the
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action of the self-supporting effect, and the small suspended
particles flew to and deposited at the pond tail by the water
flow. In addition, the tailings particle size did not greatly
change at different locations, which concentrated in the range
of 0.04—0.70 mm. This was mainly because of the uniform ore-
drawing mode in front of the dam; in this way, the previously
deposited tailings particles were rolled to the pond tail under
the repeated current scour, so the overall particle size did not
change greatly. Moreover, there was also a sudden change in
particle size in the sample; when the particle size changed to
the critical value, the content of tailings particles greater than
the critical particle size significantly increased.

To more comprehensively characterize the variation law of
tailings on the dry beach surface, three sampling lines (H;, H,,
and H,) were set at appropriate locations on the dry beach
surface, which were the approximate midline, and the sampling
lines 80 m away from the midline at both sides. Through the
analysis of the samples taken, the particles on the dry beach
surface are mainly constituted by the fine sand and sandy silt.

Figure 6 represents the average particle size of samples from
different locations (equidistant sampling points) on the three

—&— Sampling linc HI - = = Trend line of H1
—#— Sampling linc H2 - = = Trend line of H2
0.25 4 —&— Sampling line [13 - - - Trend line of 113
0.23 1 ™\
[\ A
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2 [ N\
2 0191 \/ A £ 3
5 0174 AL/ \
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Figure 6. Average particle size of tailings on the dry beach surface.

sampling lines, which are numbered from close to far from the
discharge outlet. The curves represent respectively the trend of
average tailings particle size at different locations from the
same sampling line to the subdam (discharge outlet nearby). It
can be seen from Figure 6 that the average particle size
becomes smaller with the increase of the distance from the
subdam, which indicates that the finer particles are deposited
in the tailings tail.

Figure 7 shows the curves of particle gradation (C, and C,)
of tailings from the sampling points. It is stipulated in
engineering that the soil with nonuniform particle composition
(C, > S) and noncontinuous particle composition curve (C_ =
1-3) is rated as a well-graded soil. An analysis shows that the
soil particle gradation of discharged tailings particles is changed
from normal to abnormal, which is a great difference from
those of the original tailings (in Table 2). The reasons are that
the discharged tailings on the dry beach surface are affected by
multiple factors, such as tailings pulp density, pond shape,
discharge amount of the tailings, ore-drawing time, and
damming method.

Furthermore, the contents of the —0.074 mm tailings
particles were measured at three sampling lines on the dry
beach surface. In Figure 8, the content of —0.074 mm tailings
on the dry beach surface gradually increased with the increase
in distance from the discharge point. In other words, after
hydraulic classification, the tailings particles showed a
deposition rule from coarse to fine between the discharge
outlet and the interior pond. In the meantime, particle size
coarsening was also observed at the local location, which was
mainly related to flow separation. In the process of tailings pulp
migrating to the deposition beach, the particle size and mass of
coarse particles increased, which thus first deposited from the
tailings pulp.

It was observed from Figure 8 that the tailings deposition
rules on the dry beach surface were inconsistent. This might be
because the multipipe subdivided flow dispersed ore drawing
in front of the dam was adopted in that tailings pond; due to
the paste impact, after the tailings pulp was discharged from
the discharge pipe, it formed the impact energy dissipation pit
around the discharge outlet. As a result, the tailings pulp flew
around the energy dissipation pit and formed the fan-shaped

(a) 20 - Sampling line Hl  —#= Sampling line H2

#— Sampling line H3

4

Coefficient of uniformity (Cu)

10 50
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Figure 7. Particle gradation curves of tailings on the dry beach surface: (a) coefficient of uniformity (C,) and (b) coefficient of curvature (C.).
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Figure 8. Particle content (—0.074 mm) of tailings on the sampling lines: (a) Hy, (b) H,, and (c) H;.

alluvial flat centered at the energy dissipation pit. The bed load
tailings were deposited in the fan-shaped section, while the
suspended load fine tailings were carried by the pulp to the
pond tail, leading to the extremely apparent pond tail refining.

Figure 9 displays the relation curve of the median particle
size (Dgp) of tailings on three sampling lines with the distance
from the subdam. As suggested by the fitted line, the Dy, values
at different positions on three measuring lines exhibited a
gradually decreasing trend with the increase in distance from
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Figure 9. Dy, of tailings on the sampling lines.
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the subdam. This is because the repeated current scours during
ore drawing lead to relatively even particle sedimentation on
the dry beach surface.

3.2.2. Vertical Deposition of Tailings along the Fill Dam
Body. The vertical deposition characteristics of the tailings
dam are of great practical significance to analyzing the tailings
dam generalized partitioning and dam body stability. In Figure
10, the average particle size gradually decreased with the
increase in sampling depths. Through the comparative analysis
of the sampling results at different locations (vertical lines V;,
V,, and V) of the dam body, the changing trend of sandy silt is
generally presented, and the particle size is mostly greater than
0.20 mm. When the sampling depth exceeds about 15 m, the
particle size of the tailings decreases quickly. This was because
due to alternated damming mode and the repeated current
scour during the ore-drawing process, the coarse particles in
front of the dam were carried by the water flow to the pond
tail, while the small particles deposited at a more rapid rate
vertically on the dam body.

In Figure 11, macroscopically, particle cross-bedding
occurred at a local location. This was because the cross-
bedding and lens were formed at the bending, concave, and
convex areas of the gully after each round of ore drawing.
However, phenomena like cross-bedding only took place
within the vertical depth of 10—30 m from the dam body. This
depth range mainly deposited the coarse particles at the
previous subdams in front of the dam, leading to the significant
difference in changes of coarse and fine particles. However, no
similar phenomenon was observed within 10 m.
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3.3. Tailings Particle Sedimentation Properties.
3.3.1. Time Response Characteristics of Sedimentation.
The stratification phenomenon during the tailing sedimenta-
tion process is related to the particle size distribution. As
shown in Figure 12, groups S; and S, with a higher content of
coarse particles immediately settled to the very bottom within
S min after the initiation of the experiment and displayed the
initial stratification phenomenon. In addition, they completed
the sedimentation and consolidation within 600 min and
exhibited the obvious sedimentation stratification phenomen-
on, but the obvious water—sand interface occurred within 30—
100 min. By contrast, the S; and S, tailings pulps with a higher
content of fine particles became clear within 30 min and

40,41

pond stability.

During the tailings sedimentation test process, the rule of
coarse on the bottom and fine at the top was observed, which
was even significant in groups S; and S, with a higher coarse
particle content. Nonetheless, with the advance of tailings
sedimentation and consolidation, the fine particles gradually
entered the pores between coarse particles under the action of
overburden pressure; as a result, the coarsening effect on the
bottom of tailings in groups S, and S, became weaker, leading
to the phenomenon of coarse and fine particle interlayer and
cross-stratification (Figure 13).

3.3.2. Sedimentation Stratification Characteristics. The
sedimentation and consolidation of tailings are dynamic
variation processes. Microscopically, the structure of the
settled layer will change with time. Figure 14 shows the
time—history curve of the tailings water—sand interface. The
sedimentation of tailings pulp can be classified as natural
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sedimentation and self-weight consolidation stages. Of them,
the sedimentation stage is a stage with rapid particle settlement
and accumulation, which is characterized by a more rapid
declining rate of water—sand boundary. In this stage, groups S,
and S, showed the obvious water—sand interface within 32
min, while groups S, and S, exhibited the water—sand interface
within 120 min. This could be because the group with a higher
content of fine particles is more susceptible to cohesion
between tailings particles and the formation of bulk
flocculation phenomenon, thus settling to the bottom rapidly.

Meanwhile, the difference in particle size induced a
substantial difference in the position of the water—sand
interface among different groups. The sedimentation heights
in groups S; and S, were 5.35 and 10.50 cm, respectively,
whereas those in groups S; and S, were 15.35 and 15.55 cm,
respectively, indicating that the sediment volume increased
with the increase in fine particle content in the tailings pulp.
This phenomenon demonstrates that the sediment density

at this moment, the sediment contains a lot of pores with soft
texture, large volume, and low corresponding intensity.

Figure 15 shows the sedimentation process of tailings with
different particle size distributions. As shown in the figure, after
consolidation for a certain period, the height of the water—
sand interface height gradually decreased, and the consol-
idation volumes in groups S; and S, remained apparently
greater than those in groups S, and S,. Thus, the dam body
formed by tailings with a high content of fine particles in the
early stage after discharge was relatively loose with low
intensity.

In addition, particle size distribution significantly affects the
occurrence time of the cutoff point between sedimentation and
consolidation. The cutoff points in groups S; and S, occurred
at 64 and 120 min, separately, while the sedimentation stage
ended at about 240 min in groups S; and S,. From the cutoff
point of sedimentation and consolidation to the end of
consolidation stage, the settled layer heights in groups S; and
S, with a large content of coarse particles showed little
variation with time, and the differences in height were 0.37 and
0.12 cm, respectively (S;: 3.52 cm — 3.15 cm, S,: 4.80 cm —
4.68 cm), while there were large height differences in groups S;
and S, (S5: 7.05 cm — 5.45 cm, Sy: 6.69 cm — 5.45 cm), the
differences in height were 1.60 and 1.24 cm, respectively. The
tailing pulps in groups S; and S, exhibited a slow consolidation
rate, a long duration, and a large amount of consolidation
deformation. Therefore, for tailings with fine particle size, a
longer time is needed for the entire sedimentation process in
the pond after ore drawing, which is to the disadvantage of
tailings pond stability.

Thereby, an obvious stratification phenomenon can be
observed during the sedimentation process, but the phenom-
enon is weaker for tailings with a larger number of fine
particles. In practical engineering, the weakening of the
stratification phenomenon may lead to indistinct dam body
stratification, a smaller dry beach surface, an elevated reservoir
water level, and an elevated saturation line. In addition, with
the increase in fine particle content, the sedimentation of
tailings manifests as the floc-like overall sedimentation pattern,
which is featured by a large water content inside, a longer time
needed for sedimentation and consolidation than that of coarse
particles, a larger volume, and a decreased water discharge
capacity, regardless of the shorter solid—liquid separation time.

3.3.3. Tailings Consolidation Characteristics. As shown in
Figure 16, during the sedimentation process, the settled layer
on the bottom of the tailings exhibited fissures and interlayers.
In Figure 16b, the tailings containing coarse particles were first
deposited on the bottom. Due to the large pores between
particles, the lower tailings experienced structural compression
and a greater density under the action of overburden pressure
and formed the consolidated fissures as shown in the figure.
However, there was no obvious fissure in tailings containing
fine particles due to the strong compressibility. In Figure 16a,c,
because of the inconsistent shatter value between fine and
coarse particles, the fine particles entered the pores between
coarse particles on the bottom during the consolidation and
water discharge process, which formed interlayers at different
positions. As for tailings containing finer particles, the tailings
were linked by a floc structure due to the small difference in
tailing particle size; as a result, the water could hardly be
discharged from the bottom, leading to the formation of the
drainage channel.
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Figure 16. Partial view of tailings sedimentation consolidation
characteristics: (a) interlayers, (b) cracks, and (c) main drain channel.

4. CONCLUSIONS

In this study, field and laboratory experiments are carried out
to investigate tailings deposition distribution patterns and
sedimentation stratification effect. The following conclusions
are drawn.

The particle size of raw tailings in storage concentrated on
0.04—0.70 mm, while the C, value of tailings particles on the
dry beach surface decreased and the tailings size composition
became worse after the discharge. On the dry beach surface,
the farther distance between the subdam and the ore-drawing
opening led to the smaller average particle size, and the
deposition distribution exhibited the rule of coarse in front and
fine in the distance. Effects like interlayer and cross-
stratification induced by uneven particle size were observed
locally, and the critical particle size phenomenon occurred at
different positions. Moreover, the particle size of tailings
showed great fluctuations in the vertical direction, which
gradually became finer with the increase in the depth overall.
When the sampling depth exceeds about 15 m, the particle size
of the tailings decreases more quickly. The phenomena of
cross-bedding and lenticel occurred at the bending, concave,
and convex areas of the gully, and these phenomena mainly
took place within the vertical depth of 10—30 m from the dam
body.

According to the saturated sedimentation experiment, the
tailing sedimentation in different groups displayed the rule of
coarse on the bottom and fine at the top overall. The rule was
more significant with the increase in particle size, accompanied

by a higher sedimentation rate and a higher probability of the
stratification effect. With the increase in fine particle content,
the tailings transformed from a single particle or floc
sedimentation pattern to a flocculated network sedimentation
pattern. In addition, as the sedimentation and consolidation
process proceeded, the tailings coarsening effect on the bottom
became weaker, while the coarse-fine interlayer occurred,
leading to the anisotropy of the dam body, which affected its
stability. For tailings with a larger amount of fine particles, the
water—sand interlayer in the tailing pulp occurred earlier and
the stratification phenomenon became weaker. At the same
time, during the sedimentation process, fissures and interlayers
were observed on the settled layer at the bottom of the tailings.
Typically, fine-particle tailings are susceptible to consolidation
fissures, while fine-particle tailings might form the drainage
channel.
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