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Abstract 

The mining industry plays a crucial role in global economic development but is inherently hazardous, posing 

significant risks to both human safety and the environment. Effective hazard identification and risk analysis 

are vital for mitigating these dangers. This project focuses on a comprehensive approach to hazard 

identification and risk analysis in mining, highlighting the integration of advanced methodologies, 

technologies, and collaborative frameworks to enhance safety measures. The objective is to develop a 

framework for identifying, assessing, and controlling risks at all stages of mining, from exploration to 

decommissioning. The approach combines traditional risk analysis methods, such as Hazard Identification 

(HAZID) and Failure Modes and Effects Analysis (FMEA), with innovative tools like machine learning, real-

time data monitoring, and predictive analytics. The merging these modern tools with established techniques, 

the project aims to improve the accuracy of risk assessments and enable proactive decision-making. It 

emphasizes a multi-disciplinary approach, incorporating input from engineers, safety experts, environmental 

scientists, and workers, ensuring a well-rounded evaluation of risks. Through case studies and industry 

collaboration, the research explores how the mining industry can develop a safety culture where risk 

management is integral to daily operations. Ultimately, this holistic approach seeks to reduce accidents, 

environmental damage, and operational disruptions, contributing to a safer, more sustainable mining 

industry. The framework can be adapted across different mining sectors, fostering safer workplaces and 

minimizing the negative impacts on communities and ecosystems. 

Keywords: Mining Industry, Hazard Identification, Risk Analysis, Safety Measures, Predictive Analytics, 

Sustainability.  

 

1. Introduction

A holistic approach to hazard identification and risk 

analysis in the mining industry is essential for 

ensuring the safety and sustainability of mining 

operations. The mining industry, while critical to 

global economic development, involves numerous 

inherent risks that can impact human health, 

environmental integrity, and operational efficiency. 

Traditional risk management techniques, such as 

Hazard Identification (HAZID) and Failure Modes 

and Effects Analysis (FMEA), have long been used 

to assess and mitigate these risks. However, with the 

advancement of technology, there is increasing 

recognition that a more integrated and comprehensive 

strategy is required to address the complexities of 

modern mining activities. This approach goes beyond 

traditional methods by incorporating advanced 

technologies like machine learning, real-time data 

monitoring, and predictive analytics to enhance 

decision-making and risk assessments. The 

integrating diverse perspectives from engineers, 

safety experts, environmental scientists, and workers, 

this approach ensures that risks are evaluated from 

multiple angles, making it more effective in 

identifying potential hazards. Furthermore, a holistic 

strategy promotes a safety culture where risk 

management becomes an inherent part of day-to-day 

operations. Through this comprehensive framework, 

the mining industry can not only reduce the 
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occurrence of accidents and environmental damage 

but also foster safer, more sustainable practices for 

the future. [1] 

2. Literature Review 

Recent literature on hazard identification and risk 

analysis in the mining industry highlights the 

increasing need for a holistic approach to improve 

safety, reduce risks, and enhance operational 

efficiency. Traditional risk management methods, 

such as Hazard Identification (HAZID) and Failure 

Modes and Effects Analysis (FMEA), are still widely 

used, but their limitations in addressing complex, 

multi-dimensional risks have become apparent. 

Contemporary research suggests integrating modern 

tools, such as machine learning, real-time data 

monitoring, and predictive analytics, to complement 

traditional risk assessment techniques. These 

innovations provide the ability to analyze large 

datasets, identify emerging hazards, and predict 

potential failures before they occur, improving 

proactive decision-making. recent studies emphasize 

the importance of a multi-disciplinary approach, 

incorporating insights from various stakeholders, 

including engineers, safety experts, environmental 

scientists, and workers. By combining these diverse 

perspectives, the mining industry can address risks 

more comprehensively, considering not just technical 

factors but also environmental, social, and human 

aspects. Furthermore, fostering a safety culture 

within organizations has been identified as a key 

element for effective risk management. Research 

suggests that when risk management is ingrained in 

daily operations, organizations are better equipped to 

prevent accidents and minimize environmental 

impact. Overall, a holistic approach is seen as 

essential for developing sustainable, safe, and 

efficient mining practices.  

3. Problem Identification 

The mining industry is inherently hazardous, with 

workers facing various risks from the work 

environment, machinery, and extraction processes. 

These hazards can lead to fatalities, injuries, 

environmental damage, and financial losses. Despite 

improved safety protocols, mining remains one of the 

most dangerous industries globally. A key problem is 

the insufficient integration of modern technologies 

with traditional hazard identification methods like 

HAZOP and FTA, which often overlook real-time 

data and emerging risks. Additionally, many 

operations still rely on outdated, manual systems that 

hinder proactive risk management. Another challenge 

is the lack of a comprehensive, multi-disciplinary 

approach to risk management, leaving certain hazards 

unaddressed. (Figure 1) 

4. Accident Statistics in Mines 

 

 
Figure 1 Average Accidents in Coal Mine  

 

 
Figure 2 Pi Chart Representation for Average 

Accidents in Coal Mine  

  

Accident statistics in mines highlight the ongoing 

safety challenges in the mining industry. Despite 

advancements in technology and safety protocols, 

mining remains one of the most hazardous 
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occupations globally. Common accidents include 

cave-ins, explosions, equipment malfunctions, and 

exposure to harmful gases. According to reports, 

mining fatalities and injuries are significantly higher 

in regions with less stringent regulations. In recent 

years, however, there has been a decline in fatal 

accidents due to improved safety measures, better 

training, and more robust monitoring systems. Still, 

mining remains a high-risk industry, and continued 

efforts are needed to improve worker safety. [2] 

5. Methodology 

5.1. Literature Review and Data Collection 

The first step in the methodology is to conduct a 

thorough literature review to understand the existing 

frameworks, methodologies, and best practices used 

in hazard identification and risk analysis in the 

mining industry. This review will focus on industry 

standards, academic research, and case studies from 

global mining operations. Additionally, data 

collection from mining companies, regulatory bodies, 

and industry experts will provide insights into 

common hazards, past incidents, and existing risk 

management practices. Review of safety protocols 

and risk analysis methods in mining operations. 

Analysis of historical mining accident data and their 

causes. Collection of environmental, operational, and 

health-related hazard data. [3] 

5.2. Different Terminologies Associated with 

Risk Assessment 

Risk assessment involves various terminologies to 

evaluate and manage potential hazards. Hazard refers 

to any source of potential harm, while risk is the 

likelihood of that hazard causing harm. Risk analysis 

involves identifying and evaluating risks, considering 

factors like severity and probability. Risk control 

refers to measures taken to eliminate or reduce risks. 

Residual risk is the remaining risk after controls are 

applied. Risk matrix is a tool used to prioritize risks 

based on their likelihood and impact. Risk mitigation 

involves strategies to reduce the identified risks to 

acceptable levels, ensuring safety and compliance. 

5.3.  Acceptable Risk 

Risk that is acceptable to regulatory agencies and also 

to the public is called acceptable risk. There are no 

formally recognized regulatory criteria for risk to 

personnel in the mining industry. Individual 

organizations have developed criteria for employee 

risk and the concepts originally arising from chemical 

process industries and oil and gas industries. Because 

of the uncertainties linked with probabilistic risk 

analysis used for quantification of the risk levels the 

general guiding principle is that the risk be reduced 

to a level considered As Low as Reasonably 

Practicable (ALARP). The risk acceptability criteria 

are illustrated in Figure 4.4. It can be seen that there 

are three tiers 

6. Risk Analysis 

6.1. Qualitative Methods 

Qualitative approaches to risk assessment are the 

most commonly applied. Qualitative risk assessment 

methods are quick and relatively easy to use as broad 

consequences and likelihoods can be identified and 

they can provide a general understanding of 

comparative risk between risk events, and the risk 

matrix can be used to separate risk events into risk 

classes (ratings). A logical systematic process is 

usually followed during a qualitative risk assessment 

to identify the key risk events and to assess the 

consequences of the events occurring and the 

likelihood of their occurrence. (Figure 2) 

 

 
Figure 2 Qualitative Methods 

 

6.2. Semi Quantitative Methods  

Semi-quantitative approaches to risk assessment are 

currently widely used to overcome some of the 

shortcomings associated with qualitative approaches. 

Semi-quantitative risk assessments provide a more 

detailed prioritised ranking of risks than the outcomes 

about:blank


 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2025.0155 

e ISSN: 2584-2854 

Volume: 03 

Issue:03 March 2025 

Page No: 953-960 

 

   

                        IRJAEM 956 

 

of qualitative risk assessments. Semi-quantitative 

risk assessment takes the qualitative approach a step 

further by attributing values or multipliers to the 

likelihood and consequence groupings. Semi-

quantitative risk assessment methods may involve 

multiplication of frequency levels with a numerical 

ranking of consequence. Several combinations of 

scale are possible. (Figure 3) 

 

 
Figure 3 Semi Quantitative Methods-1 

 

 
Figure 4 Semi Quantitative Methods-2 

 

7. HAZOP 

HAZOP (Hazard and Operability Study) is a 

systematic technique used to identify potential 

hazards and operational issues in industrial processes. 

It is primarily applied in industries like chemical, oil, 

gas, and mining to assess risks in design, operations, 

or modifications. The HAZOP process involves a 

team of experts who examine each part of a system, 

using a set of guide words (e.g., "more," "less," "as 

well as," "none") to explore deviations from normal 

operations. These deviations are then analyzed for 

potential hazards and consequences. The goal of 

HAZOP is to uncover problems before they occur, 

ensuring that safety, reliability, and operational 

efficiency are optimized. It helps identify both 

physical hazards and operability issues that could 

lead to accidents, equipment failure, or reduced 

performance. By conducting regular HAZOP studies, 

companies can minimize risks, enhance safety, and 

improve the overall integrity of their systems, making 

it an essential tool in risk management. (Figure 5)  

 

 
Figure 5 HAZOP 

8. FMECA 

FMECA (Failure Modes, Effects, and Criticality 

Analysis) is a systematic methodology used to 

identify potential failure modes within a system, 

evaluate their consequences, and determine their 

criticality to prioritize actions. It is a widely used 

technique in industries like aerospace, 

manufacturing, automotive, and mining to enhance 

the reliability and safety of systems or equipment. 

The FMECA process begins with identifying all 

components of a system and analyzing each for 

possible failure modes (ways in which components 

could fail).. (Figure 6) 
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Figure 4 FMECA 

 

Table 4 Dust, Chemicals and Hazardous Substances 

Hazard Type 
Likelihood 

Level 

Maximum 

Consequence 

Risk 

Rating 

Dusts that can effect operations L2 C3 9 

Dusts that can effect health such as 

silica 
L4 C3 17 

Fines or build-up of 

combustible particles 
L4 C3 17 

Chemical such as petrol, diesel, oils, 

degreasers, solvents. 
 

L4 
 

C3 
 

17 

Gases such as H2S, CO, CO2 NOX L3 C5 22 

 

Table 5 Electrical Energies 

Hazard Type 
Likelihood 

Level 

Maximum 

Consequence 

Risk 

Rating 

Electricity(High voltage 

installation) 

L4 C3 17 

Electrical energy from apparatus such as 

cables, transformers, switch gear, 

connections 

 

L3 
 

C4 
 

18 

Electrical Equipment inspection, testing and 

tagging To standards 
 

L4 
 

C4 
 

21 
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Mining activities inherently involve various hazards 

due to the complex nature of operations, procedures, 

and methods. Hazard identification and risk analysis 

are essential for recognizing undesirable events that 

can lead to harm. These assessments help in 

analyzing the mechanisms of hazards, estimating 

their extent, magnitude, and likelihood of harmful 

effects. [4] 

 

Table 6 Explosives 

Hazard Type Likelihood Level 
Maximum 

Consequence 

Risk 

Rating 

Explosives – general (Flyrock 

occurrences, noise and vibrations, 

neighbour) 

 

L2 
 

C1 
 

2 

Handling Explosives L4 C1 7 

Explosives Storage –including 

detonators 
L5 C1 11 

Table 7 Gravitational Energies 

Hazard Type 
Likelihood 

Level 

Maximum 

Consequence 

Risk 

Rating 

Mine road design and construction L3 C1 4 

Fall and dislodgement of earthand rock L4 C1 7 

ionand adjoining structure L4 C1 7 

Floor L3 C3 13 

High wall / pit wall / stockpiles / berms L3 L3 13 

Objects / structures falling on people L4 C3 17 

Fall of things such as components, tools, 

structures 
L5 C3 20 

Air blasts / wind L4 C5 24 

Table 8 Mechanical Energies 

Hazard Type 
Likelihood 

Level 

Maximum 

Consequence 

Risk 

Rating 

Road traffic in and out issues L2 C3 9 

Inappropriate exposure to moving 

machinery 
L4 C2 12 

Mechanical failure (including 

critical systems) 
L3 C3 13 

Loss of control of a vehicle or other 

machinery at the mine 
L4 C3 17 

Interaction between mobile plant 

and pedestrians 
L4 C3 17 

Unintentional fire or explosion L4 C3 17 

Contact of mobile plant with 

overhead structures 
L5 C3 20 
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Table 9 Pressure (Fluids/Gases) 

Hazard Type 
Likelihood 

Level 

Maximum 

Consequence 

Risk 

Rating 

Inrush into/flood intrusion of 

mine (directly or indirectly) 
L2 C2 5 

Unusual rain event L3 C3 13 

Flow failure of pumping 

system e.g. Outlet blockage 
L3 C4 21 

Road drainage L4 C5 24 

In this project, hazard identification and risk analysis 

were conducted at an iron ore mine and a coal mine. 

Risks were categorized as high, medium, and low 

based on their consequences and likelihood. High-

risk activities, marked in red, are unacceptable and 

require immediate mitigation. Medium-risk 

activities, marked in yellow, are tolerable but need 

efforts to reduce risk. Low-risk activities, marked in 

green, have minimal risk, requiring no further action. 

In the iron ore mine, high-risk activities identified 

included face stability issues and unqualified 

personnel handling explosives. Rock falls due to 

unsupported rocks posed significant hazards. The 

coal mine presented high risks due to fly rocks, heavy 

vehicle operation, and improper road conditions. 

Hazards such as inadequate personal protective 

equipment (PPE) use and water inundation during the 

rainy season were also observed. 

 

Table 10 Work Environment 

Hazard Type 
Likelihood 

Level 

Maximum 

Consequence 

Risk 

Rating 

Noise L4 C2 12 

Wildlife such as snakes, 

spiders, insects 
L3 C3 13 

Manual handling hazards L4 C3 17 

Biological, such as exposure to 

work related diseases 
L4 C3 17 

Slip/trip hazards L4 C4 21 

Vibration L4 C4 21 

Building maintenance / cleaning L3 C5 22 

Effects of Ventilation L5 C4 23 

Condition of Buildings / 

M Structures 
L4 C5 24 

Sufficient Hygiene Facilities L4 C5 24 

Table 11 Others 

Hazard Type Likelihood Level 
Maximum 

Consequence 
Risk Rating 

Use of PPE L2 C1 2 

Spontaneous 

Heating 
L2 C4 12 
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Mitigation strategies included improving face 

stability, ensuring qualified personnel handle 

explosives, improving road conditions, and 

implementing proper PPE protocols. These efforts 

aimed to reduce risks and ensure safety in mining 

operations. [5] 

Conclusion 

This study utilized a combination of qualitative and 

quantitative methods, including literature reviews, 

site observations, and risk assessments, to identify 

hazards and evaluate risks in both iron ore and coal 

mines. The analysis highlighted several high-risk 

areas, including loose rock on mine faces and 

unauthorized blasting practices. The risk rating 

revealed that the coal mine faced a higher number of 

high-risk events compared to the iron ore mine. 

Based on these findings, several key 

recommendations were made for future work: 

 Implementing the recommended safety 

measures to address identified high-risk 

areas. 

 Conducting regular safety audits and risk 

assessments to ensure ongoing compliance 

with safety standards. 

 Developing a comprehensive safety training 

program for employees. 

 Continuously monitoring and reviewing 

safety performance to identify areas for 

improvement. 

These safety measures have been implemented, and 

the mines are committed to conducting regular safety 

audits and assessments. The hazard identification and 

risk assessment process has provided valuable 

insights into the risks associated with mining 

operations. The implementation of these safety 

measures is expected to significantly reduce the 

likelihood of accidents and foster a safer working 

environment for mine employees, thereby ensuring 

both the safety and efficiency of mining operations. 
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