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Abstract

Introduction: Tailing dams are responsible for collecting tailings from mining operations.
Tailing dams are built to conserve water for use in mining and protecting the environment.
These structures are often constructed using the tailing. This issue, along with factors such as
the relatively long construction period and inadequate design and supervision, has resulted
in a high number of tailings dam failures. Tailing dam accidents have occurred frequently in
recent years. The current rate of failure of large tailings dams is about 2 to 5 cases a year. In
the recent failure tailing dam on 2022, Nov. 7, the tailings escaped through an approx. 150 m
wide breach of the eastern wall of the impoundment, which caused the release of 12.8 million
m3 of water and tailings (World Information Service on Energy (2022)). Some tailings dams
have a water pond near the dam crest and the water and tailings liquefy or not contribute to
the tailing dam breach. Other tailings dams have no water pond or the pond is far from
dam's crest. Water has no or less contribution to the tailings dam failure and the runout of
tailings liquefy or not is significant. (Small et al. (2017)).

Methodology: This research explores a local failure dam near the tailings dam abutment
with a water pond in the large-scale experimental setup that consists of a tailings pond by
505 cm(length), 310 cm (width) and 64 cm (height). The uniformity and curvature coefficient
of tailings are 2.21 and 1.44 and tailings is not able to liquefied. The bed longitudinal slope is
2%. A gate with a 20 cm width is located as a dam breach near the left abutment of the dam.
An ultrasonic equipment measured the time series of water surface elevation. The
experimental tests were carried out at different water surface elevations and repeated three
times to ensure the validity of the results. The bed topography is measured by the Kinect
before and after the dam breach. These bed elevations were applied to calculate the volume
of the eroded tailings by using Civil3D 2019 software. Moreover, some videos are provided
to recognize the flow pattern and bed erosion.

Results and Discussion: In all experiments, after the local failure of the tailing dam, a pit
was created inside the tailings next to the breach. At the beginning of the experiments, the pit
did not affect on the water surface elevation. After that, the pit being was recognizable in
while there was some water at the end of the pond just next to the dam body. At the end,
there was some water inside the pit and a hydraulic jump occurred in it and grooves were
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produced on the bed and the eroded sediments do not have any ability to move towards the
breach downstream. The bed erosion pattern and transported sediment volume were
surveyed at different water surface elevations of the tailings dam during a local failure near
the abutment. Due to complex nature of sediment erosion, the bed topographies of the
similar experiments were different in detail.

Conclusion: Water and sediment were quickly released from the local tailing dam breach
and a pit formed in the bed next to the local failure. In all experiments, the volume ratio of
the eroded sediment to the dam pond water approximately was about one percent. The
variation of the water surface elevation with time was about 0.45. It was observed that the
length of the pit in the dam body direction is more than the perpendicular direction to the
dam body. The ratio of the length to width of the pit was 3 to 3.3, approximately.

Keywords: Tailings Dam, Local Failure, Water Pond, Abutment, non liquified tailings, Dam
Failure.
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Table 1 Tailings dam breach assessment cases

Potential for tailings to runout of the
breach area as a result of liquefaction (seismic or static)

Yes

No

1A: Dam break method with

Q

& Portld ?gar flow of liquefied tailings contributing

kS 5 crestot dam additional volume of material released
88

g = . . .

2 No pond or 2A: Slope failure with debris

£ pond far from crest flow or mud flow (degree of saturation)

1B: Dam break method with tailings
eroded, transported and deposited by
flow of water

2B: Slope failure
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Fig. 1 Experimental Schematic plan in this research
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Fig. 6 3D view of scouring patterns
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Table 2 Examination and comparing scouring in different directions

Experiment No w (m) L/w d/iw L'/w
Water Elev =45 cm

1 0.20 2.95 1.35 4.90

2 0.20 3.05 1.35 5.05

3 0.20 3.05 1.40 4.70

Average 0.20 3.02 1.37 4.88
Water Elev = 50 cm

1 0.20 3.05 1.20 3.85

2 0.20 2.85 1.20 4.10

3 0.20 2.70 1.10 4.00

Average 0.20 2.87 1.17 3.98
Water Elev = 55 cm

1 0.20 3.35 1.25 5.90

2 0.20 3.30 1.30 4.00

3 0.20 3.20 1.45 4.15

Average 0.20 3.28 1.33 4.68

o 4SS (S35 3 (xdge CenSl S )3 (el (295 llas px ¥ Jgu
Table 3 The volume of materials output due to local failure near the abutment

Experiment The volume of T‘lll:lg;;g%%e The ratio of the volume of standard di?t%?e%ir:%&?lgt%e
No eroded eroded sediment eroded sediment to the water deviation average relative to the
sediment (m?) (m?) volume in the dam pond (m?) g average

Water Surface Elv =45 cm

0.03756 5.81

0.03782 0.03988 0.013 0.0031 5.16

3 0.04425 10.97
Water Surface Elv =50 cm

0.02547 8.78

0.02623 0.02792 0.007 0.0029 6.05

3 0.03206 14.83
Water Surface Elv = 55 cm

0.05188 22.27

0.03716 0.04243 0.009 0.0067 12.42

3 0.03825 9.85
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Table 4 The equation of the fitting line on the curve of water level changes over time
Water . . L .
Surface Elev The duration of the The equation of the fitting line  Slope of the fitting R2
experiment (s) on the curve line (degrees)
(cm)
45 78 -0.46 t +44.22 -24.7 0.9937
50 92 -0.456 t +48.50 -24.5 0.9943
55 100 -0.453 t +52.33 -24.4 0.9921
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