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Abstract: In the world, high levels of severe damage are reported annually among persons in mines. One
of the effective ways to provide the necessary safety in mines is to use a comprehensive management and
planning system to determine the main hazards in the mines and respond to them. Therefore, in this paper,
the hierarchy analysis method is used to evaluate and manage the safety risk in Chromit Faryab open-pit
mines. According to a survey in four mines of Chromite Faryab, at first step, 78 risks identified. After a
survey of 63 miner who work in the mines, 27 risks identified in 6 groups (geology, drilling and blasting,
transportation, machinery and equipment, laws and regulations, and individual errors) as important risks.
By using Fuzzy Analytical Hierarchy Process method 11 risks is identified as the main risks in the mines.
The results show that the drilling and blasting group and individual errors are respectively (0.178 and
0.173), the most important of the risks in the Chromite Faryab mines. Finally, for each group of hazards,
the appropriate risk is responded based on the incident documentations, the description of the experts and
incidents in similar projects.

Keywords: Safety Risks, Risk Management, Open-pit Mine, Faryab Chromite Mines, Fuzzy Analytical
Hierarchy Process.

INTRODUCTION
Today, growing the requirement of human societies and the demand increase of various industries for
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minerals has led to the development of mining. The difficulty and complexity of working conditions have
distinguished mining from other industries. On the other hand, a number of high-level injuries is reported
every year among active miners. One of the effective ways to provide the necessary safety in mines is to
use a comprehensive management and planning system to identify the major hazards in the mines. Using
the efficient techniques for risk analysis and evaluation is one of the most effective ways to reduce various
incidents in mines.

Sheikha et al conducted a comprehensive review of risk assessment techniques in mines and improved
the evaluation process [1]. Liua et al have analysed the main human factors that have contributed to
the occurrence of the accidents in coal mines in China. In their review, 362 important incidents were
investigated in the period from 2000 to 2016. They have utilized hierarchical analysis method in this study
[2]. According to the working conditions of Faryab Chromite mines, safety risk assessment was crucial Due
to the deaths and severe financial losses in the Chromite Faryab mines and the poor status of the safety of
miners working in mines.

In this paper, safety risk assessment in Faryab Chromite mines has been performed by Fuzzy Analytical
Hierarchy Process method. The assessment process includes: identification of risk, assessment and
responses. Identification of risk using three common methods (observation, interview and review of
documents and reports). In the evaluation section, the most important identified risks are ranked by using
the fuzzy analytical hierarchy process method. Finally, the response to risk has been done using library
studies and expert opinions from Faryab Chromite mines.

METHODS

Step 1- Identifying risks
A total of 78 risk is identified. and divided into six groups including geology, drilling and blasting,
transportation, machinery, rules and regulations and individual errors.

Step 2
After interview from 63 experts and miners and based on the 35% Pareto analysis, only 27 of the risks
are identified as the main risks. The list of main risks is presented in Table 1.

Step 3 - Risks Assessment
In this paper, evaluating and comparing 27 identified hazards is performed using fuzzy hierarchy analysis
method, finally, 11 risks were identified as the main risks. The results are presented in Table 2.

FINDINGS AND DISCUSSION

The results of the evaluation showed that two groups including drilling and blasting and individual
errors have the highest impact.

On the other hand, the result of the evaluation was compared with the mine accident list. The comparison
confirms the accuracy of the calculation (Table 3 and Figure 1). Finally, risk response is given to mine
conditions.

CONCLUSIONS

According to the previous research, safety risk assessment is one of the most effective ways to reduce
various incidents in the mines. For this reason, here, for the first time, a safety risk assessment was
conducted in Faryab Chromite mines using fuzzy Analytical Hierarchy Process methods. At first, the risks
are identified in open pit mines which divided into six groups (geology, drilling and blasting, transportation,
machinery and equipment, regulations, and individual errors). The results showed that the most important
group of risks in the open-pit mines of chromite Faryab are drilling and blasting, and individual errors with
final weights, respectively.
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Table 1. Identified risks in Faryab Chromite Mines

Risk group Risk heading
Stone slip or waste Slipping persons at sloping points
Geology - 5 X
Falling from the altitude subsidence
Round dust from quenching and blasting
Drilling and blasting Remnants of explosives in rock
shake from the blast
Collision of vehicles with each other Insecure vehicle
Transportation Failure to adhere to the speed of

vehicles

Topple of vehicles

Machinery and equipment

Dust from equipment and machinery

Sound and vibration of machinery and
equipment

Continuous use of equipment and
equipment

The leakage of energy or oil carriers
from machinery and equipment

Lifting heavy pieces

Throwing parts in operation

Changing the status of equipment such as: aging and undesirable performance

rules and regulations

Failure to equip the mine with a rescue
team

Installing warning devices on vehicles

Lack of signs and warning signs at
high risk areas

Lack of training course

The absence of personal protective equipment

individual errors

Musculoskeletal problems

Continuous activity of people in job
shifts

Activities with a lot of physical effort

Psychological factors such as hard
working conditions and non-payment of
salaries

Table 2. Evaluation results

Risk heading Final weight
Stone slip or waste 0.256
Remnants of explosives in rock 0.345
Insecure vehicle 0.259
Dust from equipment and machinery 0.145
The leakage of energy or oil carriers from machinery and equipment 0.143
Sound and vibration of machinery and equipment 0.143
Continuous use of equipment and equipment 0.143
Lifting heavy pieces 0.143
Lack of signs and warning signs at high risk areas 0.202
Psychological factors such as hard working conditions and non-payment of salaries 0.2
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Table 3. List of mines events

Incident title Symbol
slippage persons A
Throw and hit the stone B
Drilling and blasting system defect C
Falling equipment and machinery D
Contact persons with a sharp object E
60 1 m Intense
50 -
40 - .
30 - medium
20 -
10 - m Weak
0 -
A B C D E

Figure 1. The mines events
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