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“Questionnaire”

This questionnaire is prepared for analyzing the effects and the importance of
parameters in copper mine tailings dam failure. Please determine the effects and the
importance of each parameter by given number from 1 to 10 (low effect to high effect).
1- Please determine the effect of each parameter on Overtopping tailings dam
failure?

Tailings Dam Failure Due to low Effect High Effect
I Overtopping

1|2 |3 89|

Excessive and unpredictable rainfall
(considering the rainfall duration)

Dam’s geometry (Dam high, Dam crest,
up/down stream slope of the dam shell)

Spillway Failure or insufficient spillway
capacity and discharge rate

Geotechnical property of materials used in
dam construction

Overtopping of tailings material

| Surface erosion of dam |

2- Please determine the effect of each parameter on Piping tailings dam failure?

Tailings Dam Failure Due to Piping low Effect High Effect

1 (2 |3 8 [9 |10

Seepage through the dam or foundation

Internal erosion (weathering, joints and
fractures, erodes and carries of
embankment’s materials)

Tailings physical and chemical treatment
by earthfill material
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3- Please determine the effect of each parameter on Foundation tailings dam
failure?

Tailings Dam Failure Due to Fundation | Low Effect High Effect
Failure

1 12 |3 8 [9 |10

Inappropriate foundation material

Landside

Geological characteristic of the foundation
(Permeability, joints and fractures)

Geotechnical characteristic of foundation
(cohesive force, angle of internal fraction)

Increasing in hydrostatic pressure

Strain and shear stress’s effect on
foundation

4- Please determine the effect of each parameter on Slop tailings dam failure?

Tailings Dam Failure Due to Slop Failure Low Effect High Effect

1 2 |3 8 |9

Type of dam design

Unsuitable slop of dam shell

Seepage through the dam or foundation

Slope failure during dam operation

Increasing in hydraulic pressure due excessive
rainfall

Increasing in hydrostatic pressure due to
liquefaction (as an earthquake result)

Increasing in hydrostatic pressure due to static
liquefaction

Core failure

Dam break during reclamation process
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5- Please determine the effect of each parameter (independently) on tailings dam failure?

Effective parameters on tailings dam | low Effect High Effect
failure

1 12 |3 8 |9 |10

Regional seismicity

Weather and climate conditions of the
region

Topographic conditions

Geological conditions

Potential landslides around the dam area

Intensity seismic waves caused by
explosions or traveling around the dam and
heavy machinery

Surface and underground water flow

Dam foundation

Embankment material

Dam location

Dam design

Physical and chemical characteristic of
tailings

Rate of material settlement

Grade and tonnage uncertainty

Mine production uncertainty

Years of dam activity

Seepage and dam monitoring system

Surface and internal erosion

Water contaminate of tailings

Rate of tailings internal in comparison with
tailings settlement

Liguefaction potential

Land subsidence near the dam area
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6- Please determine the intensity of tailings dam failure consequence for each
category?

Consequence of dam failure Low Effect ———— High Effect

1 (2 (3 (4 |5 |6 |7 |8 ]9 |10

Environment Soil contamination

Surface and underground
water contamination

Destruction of vegetation

Loss of animal species

Fertility

Loss of job

Economy Destruction of house and
infrastructure

Pause or decrement of
mine production or
premature mine closure

Damage to the mine and
equipment

Environmental penalty

The loss of capital costs of
dam  construction and
infrastructure

The cost of environmental
cleanup

The company stoke drop
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7- Please determine the effect of parameter on intensity of tailings dam failure
consequence?

Important  parameters effects on | Low Effect —— > High Effect
intensity of tailings dam failure
consequence

1 (2 |3 (4 |5 |6 (7 |8 |9

Tailings dam volume (miss estimation of
tailings dam’s volume)

I Topography of the region

Surface water condition

Ecosystem of the region

Outflow after dam failure

Speed of outflow

Dam monitoring and warning system

Living people

Physical and chemical characteristic of
tailings material

For analysis the result of questionnaire please fill out the bellow information.

Affiliation:
Education:

Years of experience:
Age:

Thanks a lot for your time
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Abstract

Abstract

Tailings production is going to increase due to world’s population growth, high demand
and consumption of metals and minerals, ore deposits with low grade and quality and
new mineral processing technology. Tailings dam failure causes catastrophic result to
the environment and high cleanup cost. In this study, the implementation of risk
analysis of tailings dam failure is used to predict the probability of tailings dam failure
and its consequences. In this study, the reasons and the results of more than 300 tailings
dam failure, between 1914 up to 2015, are studied. The important factors of tailings
dam failure are recognized based on the studied tailings dam failures. These 24 factors
are classified into four failure mechanism and the weighs and the performances of
factors are evaluated using Preference Voting System (PVS) method. The mechanism
and their weighting results namely are: slope failure by 48.9%, overtopping failure by
23.7%, piping failure by 20.4% and foundation failure by 6.9% respectfully. As the
analysis of tailings characteristics is vital for tailings dam failure analysis, the most
important characteristic such as tailings void ratio, consolidation rate, pore water
pressure and shear stress are studied for Sungun copper mine of Iran. The results of
comparison between Sungun tailings characteristic and other copper mine’s tailings,
indicated the similar range of change. The new degree risk method of failure is
developed based on weight and the probability of dam failure due to each failure
mechanism. The probability of failure is estimated using structural reliability analysis
and elements in factor of safety. The elements in factor of safety for slope stability of
tailings dam failure is modified by considering the shear stress of tailings materials. The
Monte Carlo simulation is applied to evaluate the probability of failure. The modified
Folchi method is applied for the consequence evaluation of tailings dam failure. The
consequence of failure is classified in to three category based on the criteria of
sustainable development namely social, environment and economy. Cost-Benefit
analysis is used for prediction the economic consequence of tailings dam failure
considering the benefit of tailings dam reclamation (forestry reclamation) and the cost
of dam break and cleanup. The proposed methodologies are applied for Sungun copper
mine. The results of this study shown that the probability of tailings dam failure in
Sungun, due to slope failure 67.3 %, overtopping 64 %, foundation failures are zero. In
this investigation, the results indicated that the probability of failure due to slope
instability or structure failure is in dangere zone. Overtopping failure is in high risk in
unpredictable raining weather. The consequence of failure using modified Folchi
method indicated that in the case of Sungun tailings dam failure, the consequences are,
economy 100%, social 80 % and environmental 65% which catastrophic result of will
happen.

Key Words: Tailings, Probability of Failure, Tailings Dam, Weighting Method,
Structural Reliability Theory, Monte Carlo Simulation, Failure Consequence, Folchi
Metho
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