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FOREWORD 

 

In October 2001, the Mine Health and Safety Council published the Handbook of Occupational 

Health Practice in the South African Mining Industry.  Fortunately I had the privilege to launch this 

book at the CSIR the same year and the audience enquired as to when a handbook on 

Occupational Safety in the South African Mining Industry would be published. 

 

Today, five years later, I am proud to state that this has been achieved.  It has been a long, hard 

and onerous road that lead to the completion and publication of this handbook.  This has been 

possible by the many people who are concerned with the practice of occupational safety in the 

mining industry.   

 

Most of our mines conduct business internationally and are therefore exposed to international 

competition, and have recognized the undoubted benefits of maintaining high health and safety 

standards in their operations in order to stay in business.  The industry has shown the capability 

and capacity to improve the safety performance over the last few years.  However, much more 

needs to be done to protect the health and safety of mine workers and those communities exposed 

to the hazards that result from mining activities.  Our safety performance is still unacceptable, 

compared to our international competitors, despite the fact that our conditions are arguably more 

severe.  At the Mine Health and Safety Summit of 2003, it was resolved that the improvement of 

the South African mining industry’s safety statistics has become imperative, and that they must be 

comparable to international trends.  For this reason an agreement was reached in 2005 between 

the employers, labour and the DME to implement new fatality milestones based on the actual 

fatality rates of Australia, the USA and Canada, declining by 10% per year.  The milestones will be 

revised at the end of 2009. 

 

The occurrence of mine disasters is on the decrease, a phenomenon that has become apparent 

over the last ten years or so.  This decrease is a result of a number of interventions, some of which 

include more efficient mine design, planning procedures and ore extraction methodologies.  There 

is no doubt that these processes have resulted in the elimination of some of the risks at source. 

 

However seismic events tend to cause serious damages to buildings and some injuries to workers 

and with proper approaches to planning, design, monitoring and management these can be 

alleviated. 

 

Experienced people have written and edited the chapters of this book so that it could be as 

practical and simple as possible.  The fact that it is written primarily for the lower supervisory ranks 

in the industry convinces me that it addresses a definite need, as most publications are found to be 

aimed more at managerial and technical staff.  The book informs briefly on issues of governance, 

and goes into more specific subjects of hazard identification and risk assessment, underground, 

surface and underwater mining, explosives, machinery, electricity, fires and explosions. 



 

 

 

I believe that this book will go a long way in assisting mines to achieve better safety performances, 

resulting in the achievement of milestones as agreed by the abovementioned summit and 

alleviating risks associated with mining activities.  I also hope that the role players in the mining 

industry will be enthusiastic about the contents of this book, and implement the many practical 

guides provided. 

 

Nape Mojapelo 

 

Acting Chief Inspector of Mines 

 

May 2006 

 

 



 

 

 

PREFACE 

 

To document all the information and knowledge available on mine safety would be a major 

exercise, only relevant for those wishing to research the subject.  This handbook is not a definitive 

reference document, nor is it a compendium of SIMRAC safety research reports or a guideline for 

mine safety practitioners.  Rather, it is an attempt to produce a reader-friendly handbook on mine 

safety best practice, with the primary objective of directly impacting safety on mines for the better. 

 

The handbook emphasizes the engineering and operational processes that should be followed in 

order to achieve a safe working environment in mines.  Generic “best practice” guidelines are 

included – the do’s and don’ts of good safety practice. 

 

The target audience is those who can meaningfully influence safety on mines and includes: 

 First line supervisors (shift bosses, mine overseers and foremen). 

 Training departments (as a guide document for preparing safety and operational training 

programmes). 

 Students (University). 

 Examiners (as a means of knowledge transfer to learners). 

 Union officials. 

 Safety representatives. 

 

The technical specialists should not learn anything new in their field but, rather, they will gain a 

better understanding of hazards in general, especially in disciplines different to theirs.  This 

handbook is aimed at the individual who enters a mine regularly and requires more general hazard 

awareness and control expertise.  The style focuses on easy-to-understand illustrations, 

photographs and other simple graphics and tables, rather than voluminous text.  Extensive use has 

been made of existing SIMRAC reports and all those authors that contributed to these reports are 

acknowledged.   

 

The first three chapters provide a general background description and framework for the 

management of safety on mines.  Chapter 1 provides the background leading to the promulgation 

of the Mine Health and Safety Act 29 of 1996.  It covers the primary objectives of the Act and 

explains the obligations placed upon management, workers and the Inspectorate in the practice of 

occupational safety.  Chapter 2 discusses the formation and governance of an occupational health 

and safety management system in broad terms.  Chapter 3 is a guide to the risk assessment 

process necessary to achieve the objectives of the Act. 

 

Chapters 4 to 12 provide general best practice guidelines for various relevant aspects of mine 

safety, placing particular emphasis on the identification of hazards and how they may be avoided.  

Chapter 4 does this for underground mining while Chapters 5 and 6 cover surface workings and 

underwater mining, respectively.  Chapter 7 discusses and gives guidance on the safe use of 



 

 

explosives.  Chapters 8 and 9 discuss surface structures (e.g. buildings and dams), and 

machinery, including material handling, respectively.  Chapter 10 offers guidance with regard to 

working in close proximity to electricity and electrical equipment.  Chapter 11 deals with the 

hazards of mine fires and explosions.  The chapter has an appendix where six real case studies 

are analysed to help people to learn from past experience involving others.  The last chapter 

(chapter 12) discusses the selection and use of personal protective equipment. 
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CHAPTER 1 

 

1 MINE HEALTH, SAFETY AND THE LAW 

 

OBJECTIVE 

 

This chapter serves as an introduction to the legal aspects of mine health and safety.  It 

broadly covers the legal obligations and rights of mine employees as well as contractors 

and visitors to the mine.  It discusses the importance of being aware that the laws change 

from time to time and for the need to make regular provisions accordingly.  This means that 

it is necessary to implement a system that promotes awareness of the current laws in the 

mining industry.   

 

This chapter also provides a brief history of the change in laws since 1991 that led to the 

formation of the current Mine Health and Safety Act  (Act 29 of 1996)  (MHSA).  It covers 

the primary objectives of this Act and explains the obligations that it places on both 

employers and employees in order to meet the legal requirements of this Act.  It specifies 

that employees have both rights and duties.  It identifies that training is important and 

covers the powers and duties of the Inspectorate in legal matters of mine health and safety.  

 

Chapter Author: D M Walters 

 

Derek Walters has a MSc in Mining Engineering, Mine Managers Certificate and a 

Certificate in Mine Environmental Control.  He has 26 years experience in the mining 

industry.  His field of speciality is mine ventilation and refrigeration design, fires, explosions, 

escape and rescue, emergency preparedness and legal compliance.  He is a Past 

President of the Mine Ventilation Society and a Fellow of the South African Institute of 

Mining and Metallurgy.  Derek is currently a Principal Engineer with Turgis Consulting. 

 

 Chapter Reviewers 

 

A R Nundlall is the Chief Director in the Specialist Unit of the Department of Minerals and 

energy. 

 

K Kotze is a mining engineer in the Specialist Unit of the Department of Minerals and 

Energy.
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Glossary 

 

MHSA:  Mine Health and Safety Act 1996, (Act No. 29 of 1996) 

DME: Department of Minerals and Energy 

CoP: Code of Practice 
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1.1 Introduction 

 

In South Africa the law stipulating minimum safety and health requirements in mines 

was, for many years, enshrined in the Mines and Works Act and Regulations.  In 

1991 this Act was replaced by the Minerals Act and Regulations which was , in turn, 

replaced by the Mine Health and Safety Act in 1996 (Act No. 29 of 1996).  However, 

the Regulations of the Minerals Act have been retained and are now incorporated 

into the Mine Health and Safety Act (MHSA).  

 

The regulations change from time to time to take account of altering circumstances 

in the industry, and it is therefore essential that, when seeking information on the 

legal requirements of some aspect of mine health and safety, an up-to-date copy of 

the MHSA and Regulations be consulted. 

 

Mines are legally obliged to compile various mandatory Codes of Practice (CoP) in 

response to guidelines issued by the Department of Minerals and Energy (DME).  

Failure to prepare and implement a CoP in compliance with a guideline is a breach 

of the MHSA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Codes of Practice 

generated by the 

mine become 
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1.2 The Objective of the Act  

 

The fundamental objective of the MHSA is to protect the health and safety of people 

at mines.  It is worth noting that the MHSA protects the interests of not only mine 

employees, but also contractors and visitors to mines. 

 

The MHSA is designed to promote mine health and safety by setting minimum 

standards and guidelines with regard to the following issues, among others: 

 Identifying hazards and assessing risks. 

 Providing for employee participation in matters pertaining to health and safety at 

mines. 

 Providing for effective monitoring of health and safety conditions. 

 Providing for enforcement of health and safety standards. 

 Providing for research, investigations and enquiries to improve health and safety 

at mines. 

 Giving effect to public international law obligations concerning health and safety 

at mines. 

 Promoting a culture of health and safety at mines. 

 Promoting training in health and safety. 

 Promoting co-operation and consultation on health and safety between the 

State, employers, employees and their representatives. 

 

The MHSA specifies the obligations of employers and employees with respect to 

health and safety.  It also allows the employer to delegate functions to subordinates.  

This does not however relieve or absolve the employer of his or her responsibilities. 

 

The employer is required to have in place a health and safety policy and this policy 

must be drawn up in consultation with employees or their representatives. 

 

Employers, and in turn those persons to whom duties have been delegated, such as 

managers and supervisors, are required (as far as is “reasonably practicable”) to 

provide and maintain a working environment that is safe and without risk to the 

health of employees. 

 

The Act defines “reasonably practicable” as regarding: 

 The severity and scope of the hazard or risk concerned. 

 The state of knowledge reasonably available concerning that hazard or risk and 

of any means of removing or mitigating that hazard or risk. 

 The availability and suitability of means to remove or mitigate that hazard or risk. 

 The costs and benefits of removing or mitigating that hazard or risk. 
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The law requires that all reasonable measures must be taken to reduce the risk as 

far as possible.  It places a responsibility on all mining stakeholders, from mine 

owners to the lowest level mine worker and even visitors to a mine, to identify risk 

areas and to do whatever is in their power to address the identified risks.  It also 

requires that all stakeholders be involved in the process of identifying and evaluating 

risk and that suitable consultation and consensus be reached on reasonable 

measures for responding to the risks identified. 

 

1.3 Ensuring a Healthy and Safe Environment  

 

In order to meet the obligations of the Act for ensuring and enforcing a healthy and 

safe environment the employer must: 

 Have in place a safety management system that is based on hazard 

identification and risk assessments. 

 Conduct occupational hygiene measurements. 

 Establish a system of medical surveillance of employees exposed to health 

hazards. 

 Where required, appoint one or more Safety Officers (Competent Persons). 

 Where required, appoint one or more Shift Bosses (Competent Persons). 

 Operate in consultation with the employee health and safety structures at the 

mine. 

 

1.4 Hazard Identification and Risk Assessment  

 

The Act requires that employers and employees identify hazards that may affect the 

health or safety of persons at their mine.  Once a hazard has been identified, a risk 

assessment exercise must be carried out to determine the likely consequences of 

the hazard and what means can be put in place to control it. 

 

These risk assessments should be carried out in a systematic manner and be 

periodically reviewed taking into account operational processes, occupational 

hygiene measurements, safety performance statistics, medical surveillance data, 

and any other data of relevance. 

 

1.5 Employee Participation 

 

Management is required to work together with its employees and/or employee 

representatives in all matters affecting health and safety.  To this end a structure 

must be put in place to ensure employee consultation and participation in all matters 

pertaining to health and safety. 
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Where there are more than 20 employees at a mine, they have the right to elect 

health and safety representatives.  Health and safety representatives must work full 

time in the area they are elected to represent and each shift must have a 

representative at each designated working place at the mine.  There must be at 

least one representative per 100 employees.  Mines with more than 100 employees 

are also required to have one or more health and safety committees. 

 

The MHSA gives guidelines for the appointment of full time health and safety 

representatives.  Where there is a representative trade union at the mine the 

employer must conclude a collective agreement as laid out in Chapter 3 of the 

MHSA.  In the course of preparing any policy or document, including Codes of 

Practice, employees or their representatives must be consulted.  Employees may be 

represented at any inquiry carried out for the purposes of health or safety.  

 

1.6 Duties and Rights of Employees 

 

In terms of the Act, employees have duties as well as rights.  They are obliged to 

comply with health and safety measures required in the Act and in terms of any 

Code of Practice and Mine Standard in force at the mine.  It is the duty of every 

employee to exercise reasonable care of his or her own health and safety and that 

of others.  He or she is required to use and take care of any safety equipment 

provided and to report any situation that presents a risk to health and safety. 

 

Employees have the right to leave any working place that they believe to be 

dangerous and a health and safety representative also has the right to direct 

persons to leave a working place if he or she believes that a danger exists.  This 

danger does not necessarily have to be imminent but could, for example, involve 

exposure to pollutants that may endanger health. 

 

1.7 Provision of Training 

 

Employers are obliged to provide appropriate health and safety training to all 

employees so that they can perform the task safely. 

 

1.8 Duties of Manufacturers and Suppliers 

 

Anyone who manufactures, repairs, imports, supplies, erects, installs or designs any 

article must ensure that, as far as is practical, it is without risk to health and safety 

when used properly and complies with Section 21 of the MHSA 
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1.9 Powers and Duties of the Inspectorate  

 

The Inspectorate has the duty and power to enforce compliance with the MHSA, to 

conduct enquiries and investigations, summon witnesses, seize documents and 

issue written instructions in the interest of health and safety. 

 

1.10 Outcomes 

 

Remember that (whatever the Act and the law might require) if you or one of your 

colleagues is injured at work, no amount of debate regarding who was legally “right” 

or “wrong” can reverse the injury.  Therefore, approach each task as if your family 

was watching you.  Could you do it safer?  Are your actions in their best interests?  

What about those who are working around you?  Perhaps you need to remind them 

of the others who depend on them. 

 

The Act gives you the ultimate power over your own health and safety in giving you 

the legal right to refuse to work in unsafe conditions.  This is a tremendously 

powerful right.  Use it to exercise control decisively over your own health and safety, 

and that of your colleagues.  Train yourself to think about what is going on around 

you, assess how it could be dangerous, and act to remove the danger. 

 

1.11 Further Reading 

 

Republic of South Africa:  The Mine Health and Safety Act 1996, (Act 29 of 1996), 

as amended 

 

SIMRAC 2001:  Handbook of Occupational Health Practice in the South African 

Mining Industry, Chapter 1 
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CHAPTER 2 

 

2 OCCUPATIONAL HEALTH AND SAFETY (OHS) MANAGEMENT 

 

OBJECTIVE 

 

This chapter discusses the establishment and operation of an effective Occupational Health 

and Safety (OHS) management system.  This chapter is particularly aimed at those in 

managerial positions who are involved in establishing management systems.  This chapter 

will provide a guide on some of the basic elements to be considered during the process of 

establishing an OHS management system.  It covers issues of OHS governance, target-

setting, committee structures and the management of the system as a whole. 

 

Chapter Author:  A Gumbie 

 

Alec Gumbie is a mechanical engineer with an M.Sc. in Mining Evaluation and 23 years 

experience in the mining industry in Zimbabwe, the United Kingdom and Ireland.  Five of 

the above years were as Research Programme Manager responsible for the engineering 

research programme for SIMRAC.  His experience ranges from Engineering Foreperson to 

Divisional Engineering Manager.  He is registered with the Engineering Council of South 

Africa as a Professional Engineer.  Alec is also an external examiner in the Faculty of 

Engineering, Built Environment and Information Technology at the University of Pretoria.  

Alec is currently a Principal Engineer with Turgis Consulting. 

 

Chapter Reviewers 

 

K Kotze is a mining engineer in the Specialist Unit of the Department of Minerals and 

Energy. 

 

D Baker is the Safety, Health and Environmental Manager BRPM at Anglo Platinum 

Corporation. 
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Glossary: 

 

OHS:  Occupational Health and Safety 

HIRA:  Hazard identification and risk assessment 

Act:  Mine Health and Safety Act 1996, (Act No. 29 of 1996) 
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2.1 Introduction 

 

The management of occupational health and safety plays a crucial role in the control 

of hazards that could harm people in mines.  A good management system is an 

orderly method of procedure that has clearly defined goals that can be measured 

and are achievable.  A system is only effective if it is generally accepted by those 

who use it as well as those who are governed by it.  This inevitably requires that 

both mine management and mine workers, at all levels, are involved in the 

establishment and operation of the mine’s health and safety management system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.1 - MANAGEMENT AND WORKERS’ REPRESENTATIVES INTERACTING ABOUT 

OCCUPATIONAL SAFETY AND HEALTH 

 

A health and safety management system aims to eliminate (as the prime objective), 

minimize and control risk to such levels where no harm can occur to employees and 

the people who may be affected by the operations of the mine.  This may be 

achieved by: 

 

 Implementing a programme for hazard identification and risk assessment 

(HIRA).  This is a legal requirement. 

 Designing and implementing a training programme for people to be able to 

identify hazards and to manage the resulting risks. 

 Implementing a management system that supports the above programmes.  

 

It is recommended that team 

members are drawn from 

different trades within the 

same area in order to 

improve the chances of 

identifying all the hazards in 

the area. 
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Just as risk varies from site to site, so management systems must necessarily be 

site-specific. There are, however, general principles that form the basis of a good 

health and safety management system and these will be discussed in this chapter. 

 

2.2 Occupational Health and Safety (OHS) Governance  

 

South Africa, as part of the international community, is exposed to external 

influences.  This has opened up opportunities for international investors but has also 

presented challenges for South African industry to conform to international norms of 

good business practice in order to remain competitive.  One of the yardsticks 

commonly used to measure good business practice is acceptable OHS 

performance.  In this case, it is not just the result that is important, but also the 

processes that precede the result.  Chapter 2 of the Handbook of Occupational 

Health Practice in the South African Mining Industry (SIMRAC 2001) states that:  

“Stakeholders are increasingly demanding that organizations establish a system of 

internal controls that utilize a risk-based approach, that these controls are frequently 

reviewed for effectiveness, and that feedback on the efficiency and effectiveness of 

controls is publicly disclosed.  This is known as corporate governance, the essence 

of which is to protect the interests of stakeholders.”  (Handbook of Occupational 

Health Practice in the South African Mining Industry, SIMRAC, 2001). 

 

2.3 Goal Settings 

 

Good governance demands that an effective OHS system be objective-based or 

goal-orientated.  There can be three levels of interdependent goals (their mutual 

inclusiveness will become apparent shortly).  Different organizations may refer to 

them differently, but it is important to understand that different levels of management 

will work to a level-specific goal or objective, while still helping the organization to 

achieve its main goal.  Louis Allen, a management “guru”, terms them “key”, “critical” 

and “specific” goals, proposed the following definitions:  

 

A Key goal is the goal that the whole organization is in existence to achieve.  For 

example, most business entities exist to make a profit, which is their key goal.  

There is an OHS key goal.  As an example, Chapter 2 of the Act says that the 

employer must ensure health and safety in the workplace.  This obviously becomes 

the employer’s key goal as far as health and safety is concerned.  Critical goals are 

then set as steps or milestones that have to be accomplished in order for the 

employer to accomplish his or her key goal. 

 

A Critical goal is a goal, or set of goals, that divisions or departments of an 

organization must continuously achieve in order for the corporate body to achieve its 



 

 

12 

key goal.  An example would be a goal that calls for no reportable accidents within 

the division or department.  If the department or division accomplished this, then it 

will be contributing to the accomplishment of the key goal of the organization (if it is 

accepted that the employer represents the organization).  

 

A Specific goal is a goal, or set of goals, that specific sections or subsections of a 

department or division of the organization body must continuously achieve in order 

for the division to accomplish its critical goal.  An example would be all the safety 

checks that need to be done regularly on all the equipment, machinery and other 

work places to prevent accidents.  If this was is accomplished successfully, then 

accidents could be prevented, which satisfies the critical goal. 

 

2.4 OHS Management  

 

Let us consider the systems required at the “shop floor” level.  This is where specific 

goals are set, implemented and achieved.  
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FIGURE 2.2 - FLOW CHART SHOWING A GOAL-ORIENTATED MANAGEMENT 

SYSTEM 

 

Goals are level-specific, as each level has its own mandates and limits to its 

authority.  It would not make sense for a shop floor supervisor to be assessed on the 

profitability of the corporation.  He or she has no control over the activities of the rest 

of the sections, let alone other divisions and departments.  Such persons have a 

specific role in a specific section.  Within that section, they have a specific set of 

goals that they must accomplish if the purpose of their employment is to be realised.  

Moreover, when they, or their supervisor and team set goals, the goals must “speak” 

to the departmental critical goals.  This is why the supervisor must be part of the 

team setting the goals.   

Formation of goals 

Inputs: 

Record books, information 
systems  

Structure 

Operation 

Review results 

Inputs: 

Mine Health and Safety Act 
Corporate policy 
Culture and customs 

Inputs: 

Hazard identification 

Risk assessment 

Risk reduction plans 

Plan implementation 

Check results 

Corrective action 

Communicate 

 

Tell someone: team 

supervisor, subordinate or 

Inspector 

Who runs operation: roles & 

responsibilities? 
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Other important inputs are: 

 The Mine Health and Safety Act, 1996, (Act 29 of 1996). 

 Company policy. 

 Culture and customs. 

 Unions and associations. 

 Local safety and sustainable development stakeholders. 

 

The Mine Health and Safety Act gives guidelines and mandatory practice for the 

mining stakeholders to follow, so that health and safety performance may improve.  

Key goals and (sometimes) critical goals are derived from here.  

 

Company policy gives guidance on other company norms, which are not covered 

by the law.  Specific goals fall within this category.  

 

Much has been written about the role that culture and customs play in how we 

react to different situations at the workplace.  This topic is still being researched in 

the hope of gaining an understanding of how cultural issues influence behaviour, 

especially towards occupational health and safety.  It is advisable to recognize the 

existence of different cultures in the industry and to make a deliberate attempt to 

harness input from them in the formulation of plans to help achieve the set goals. 

 

Specific goals must be accompanied by yardsticks or standards against which goals 

will be measured.  Ideally, all aspects affecting a section’s ability to achieve the 

goals must be within its control.  

 

2.5 Structure 

 

The structure should remain flexible and as determined by corporate policy and the 

requirements of the Act.  It should be driven by the goals set.  The Act calls for the 

formation of Health and Safety committees and goes further to specify their duties 

and responsibilities. The structure should be shallow (i.e. it should not have more 

than two levels).  Any deeper or more complex structure may introduce 

communication inefficiencies that would affect the ability of the team to achieve its 

specific goals.  A basic concept is suggested in Figure 2.3 below but the structure 

could be made wider, depending on the size of the section.   

 

The fictional J Bloggs and peers (Figure 2.3) may not be at the same managerial 

level on the corporate ladder but, for the purpose of the safety management 

structure, they should be equal to one another.  What needs to be emphasized is 
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the maturity level of the team, which should be able to take on its legal and moral 

responsibility without fear.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.3 - AN OHS MANAGEMENT STRUCTURE THAT COULD BE CONSIDERED 

 

The number of such committees will depend on the size of an organization.  In a 

normal organization composed of a few departments where each department is 

further split into sections, it is recommended that the following be considered: 

 Health and safety committees for each section be set up. 

 Committees consist of members from different trades, e.g., mining, electrical 

and mechanical engineering and the safety or loss control department. 

 Ideally, sectional committee chairpersons should be members of a departmental 

committee, for continuity of ideas and information. 

 Departmental heads should be members of the main committee for the 

organization. 

 

Meeting frequency will vary according to need.  Usually, the sectional committees 

need to meet more frequently than the higher-level committees. 

 

2.6 Operation 

 

The people in the structure above should be appointed in accordance with the 

requirements of Section 30 of the Act.  Management must understand that these 

health and safety representatives are bound by the terms of the Act and must be 

G. Ndwandwe 

Safety Representative- 

Electrical workshop 

M. Motaung 

Safety Representative - 

tramming 

J. Bloggs 

Safety Representative – 

loading and tipping 

 

A N Other 

Section Supervisor 

 

Mine safety Committee 

Departmental 

Committee 

Departmental 

Committee 

Departmental 

Committee 
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allowed to exercise such powers as the Act permits.  The representatives must be of 

such integrity that they will act appropriately to eliminate hazards and minimize risk 

to themselves and to their colleagues.  

 

Ideally the first task for the safety and health committees is to set safety goals 

(which are relevant to their level) and measurement standards.  Next, the structure 

needs to be revisited to ensure that it is manned appropriately in order to achieve 

the set goals.  A wider pool of experience is required for an “identification of 

hazards” exercise.  For example, while the electrical workshop coordinator leads the 

team to identify hazards in his area, it is not necessary to get only electrical people 

to assess electrical hazards.  In fact, a cross-trade involvement is recommended.  

This is because people get used to seeing certain situations in their specific fields 

the way they have been for years and so tend to accept them as normal.  It 

generally takes an outsider to question the norm and notice potential problems or 

dangers. 

 

Quantification and characterization of risk follow the hazard identification phase. 

(This process (HIRA) is covered in chapter 3 of this book).  Plans are then drawn up 

to enable specific actions required to reduce identified hazards.  

 

Research has shown that plans resulting from risk assessments tend to become so 

complex that they lose practicability.  They end up on bookshelves or in the bottom 

drawers of mine officials’ desks and are only produced for a visiting mine inspector 

as proof of compliance with the Act.  Plans that are relevant, simple and brief will 

have a greater chance of being used!  Chapter 3 of this handbook may be of 

assistance in this regard.  

 

2.7 Review the Results  

 

Having implemented corrective action plans, their effects need to be evaluated.  If a 

specific goal was to say reduce finger injuries in tramming crews by 50 per cent by 

the end of a stipulated period, statistics should be kept so that the percentage 

change can be calculated at the end of the period.  This will show whether the action 

taken actually worked effectively or if there is a need to revise the plan for greater 

efficacy.  The reviewing of results or statistics is most effective if checked often.  

This allows for an early plan review and appropriate changes, if required. 

 

Keeping of safety performance statistics should not be seen as an exercise of 

compliance with the Act.  Far from it!  It is a process of diligently recording the facts 

as they manifest themselves, irrespective of whether they may “show up” sectional 

supervision.  The process offers an early opportunity to correct a situation before life 

or limb is lost.  Accidents often occur because people who saw signs of system 
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failure chose to ignore them, for whatever reason.  Sections 23 and 83 of the Act 

protect those responsible and courageous enough to take the appropriate action to 

correct dangerous situations in the workplace.  

 

2.8 Communicate Results 

 

This is as important as any of the previous steps.  It is pertinent to remember that 

the department and corporation are waiting to know whether sectional specific goals 

have been achieved.  Remember that departmental critical goals and the corporate 

key goal can only be realized if sectional goals have been achieved.  Thus, there is 

a lot of interest in your results as the team needs to know how well or how poorly it 

is doing.  So, results should be presented and discussed at regular committee 

meetings and also displayed strategically on notice boards for the general workforce 

to see.   

 

There are other reasons for communicating results! 

 

If your results are very good, then there is no harm in bragging about them. Instead, 

this has the potential to create an atmosphere of healthy competition as it 

challenges other sections to achieve better figures than yours and earn bragging 

rights for the week!  

 

Another reason for communication is to motivate you and your team to do better.  

Bad results known to everyone may just motivate all concerned to improve the 

situation.  

 

Most organizations have formalized reporting systems, including report formats and 

reporting frequency.  The Act gives general guidelines as to minimum requirements.  

It is suggested that report formats be critically examined to ensure that they provide 

relevant information to stakeholders who will have varied requirements.  The health 

and safety practitioner must have information that offers system checks and 

balances, to give early warning if the whole OHS Management system is not 

working.  There should be information that reveals whether or not set goals are 

being achieved.  These can take the form of trend graphs or any other chart format. 

 

2.9 Information Management 

 

The volume of information generated by the OHS management system under 

discussion can be vast, especially for medium and large mines.  Data in hard copy 

may be easy enough to capture and store but to retrieve information is a resource-

consuming exercise.  As resources are scarce and information is abundant, it often 
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cannot be easily accessed for use.  Computer Information Management systems 

can assist in this regard.  The system needs to be chosen carefully to ensure user-

friendliness both at data entry and retrieval stages. 

 

Bigger organizations may even consider integrated systems, where all data for the 

organization are available to the different sections of management, according to 

their requirement and access levels.  Again, the key is careful selection of a system 

that will store all input data and allow easy retrieval.  It is recommended that the 

system is simple enough for various users to operate so that they are able to 

generate their own reports.   

 

2.10 System Auditing 

 

An audit is a methodical review that compares what is in practice against what was 

intended and reports on any anomalies. Audits are tools for management to see 

how systems are being implemented.  Corporate governance dictates that systems 

be audited at regular intervals.  Teams internal to the section being audited conduct 

most of their own health and safety audits, but external audits are also necessary, 

particularly for the corporation’s annual report.  Whether internal or external, the 

audit principles remain the same.   

 

In the case of a sectional audit, the audit will check the extent to which the section 

has implemented its standards and plans.  It will not highlight gaps in the system, 

nor suggest areas for improvement.  It will not specify if what is being done is 

correct, but will merely report on whether it is in accordance with the original intent 

or plan.   

 

2.11 Outcomes 

 

After reading this chapter, you should be familiar with the basic requirements for 

setting up an effective OHS management system suitable for your organization, 

department, section or area.  It starts with setting goals and then a structure before 

the operations can deliver the set goals.  A record of results must be maintained and 

the resultant statistics must be analyzed often to see if there could be trends forming 

that might require corrective action. 
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CHAPTER 3 

 

3 HAZARD IDENTIFICATION AND RISK ASSESSMENT 

 

OBJECTIVE 

 

The aim of this chapter is to provide a systematic approach to the identification of hazards, 

evaluation of risks and prioritization of actions required in order to reduce potential risks of 

occupational accidents to tolerable levels.  The Mine Health and Safety Act, 1996 (Act No. 

29 of 1996) makes it mandatory for employers to ensure that they have identified hazards 

that can result in accidents, performed risk assessment which enables them to put controls 

in place to eliminate, minimize or control the risks.  

 

There is no rigorous scientific method of identifying hazards and assessing risk (HIRA), 

thus professional judgment guided by personal experience are important attributes for an 

effective HIRA. This chapter will provide a generic guide from which end-users may evolve 

their own systems relevant to their circumstances.  It is aimed at the small operator and the 

shop floor level supervisor, and is therefore written in simple terms and avoids as much as 

possible, the use of “buzz words” in order to promote a better understanding of the HIRA 

process.  (The reasons for conducting HIRA are discussed fully in chapters 1 and 2 of this 

book).  

 

Chapter Author: A Gumbie 

 

Alec Gumbie is a mechanical engineer with an M.Sc. in Mining Evaluation and 23 years 

experience in the mining industry in Zimbabwe, the United Kingdom and Ireland.  Five of 

the above years were as Research Programme Manager responsible for the engineering 

research programme for SIMRAC.  His experience ranges from Engineering Foreperson to 

Divisional Engineering Manager.  He is registered with the Engineering Council of South 

Africa as a Professional Engineer.  Alec is also an external examiner in the Faculty of 

Engineering, Built Environment and Information Technology at the University of Pretoria.  

Alec is currently a Principal Engineer with Turgis Consulting. 

 

Chapter Reviewers: 

 

AA Coutinho is an electrical engineer in the Specialist Unit of the Department of Minerals 

and Energy. 

 

W Masztalerz is a mechanical engineer in the Specialist Unit of the Department of Minerals 

and Energy. 
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GLOSSARY 

 

Act:   Mine Health and Safety Act, 1996 (Act No. 29 of 1996). 

FMECA:   Failure Modes Effects Criticality Analysis  

Frequency:   A measure of the likely occurrence of an incident. Frequency may be expressed as a 

rate (for example, number of accidents per shift), or as a probability (for example, the probability of 

an event happening in a given area within a given time limit is “x” %) 

Harm:    Human injury or illness, property or environmental damage, process loss or any 

combination of these. 

Hazard identification:   The process of identifying potential events that may result in accidents. 

Hazard:   A source of exposure or danger.  

HAZOP:   Hazard and Operability Studies 

HIRA:   Hazard Identification and Risk Assessment. 

OHS: Occupational Health and Safety. 

PPE: Personal Protective Equipment. 

Risk assessment:   The process of determining the likelihood that hazard exposure will result in 

harm . 

Risk characterization:   The estimation of the occurrence and severity of an accident from 

exposure to a hazard. 

Risk rating:   Grading risk in some priority to indicate the significance of the risk compared to other 

identified risks. 

Risk:   The likelihood that occupational injury or harm to persons will occur. 

SAMRASS:   South African Mines Reportable Accident Statistics System 
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3.1 Introduction 

 

South African mining law has become “outcomes-based, (with only minimum 

standards prescribed)” as opposed to being prescriptive and providing clear 

directions or rules.  Mine management is expected to demonstrate how the risks that 

exist in the workplace have been addressed and what action has been taken or is 

required in order to eliminate or reduce risk to tolerable levels.  In order for this to 

happen, all persons on the mine need to understand the HIRA process to ensure 

that all hazards have been identified and appropriate controls have been put in 

place to militate all significant risks. 

 

Many people already carry out risk assessment in the course of their daily work.  

They recognize unsafe working conditions and do something to make them safer.  

However, the law requires that this process be formalized and documented 

 

The law stipulates that risk assessments be done on a continual basis as the work 

environment changes, for example due to the introduction of new equipment, new 

work procedures or simply due to new ground conditions (in the case of the mining 

process).  

 

Risk assessment must be seen as a tool used to guide management to allocate 

scarce resources to the areas that may result in more severe harm to people and 

property. 

 

3.2 The Law 

 

The Mine Health and Safety Act [Section 11 (1) (b) and (c)] requires every employer 

to “assess the risk to health and safety to which employees may be exposed while 

they are at work” and to “record the significant hazards identified and the risks 

assessed”.   

 

The process of HIRA is continual, as required by Section 11(4)(a), as every 

employer must “periodically review the hazards identified and risks assessed, --------

---, to determine whether further elimination, minimisation and control, of risk is 

possible” 

 

It is important to note that the responsibility of the employer does not end with 

employees’ health and safety but addresses any person whose safety and health 

may be affected by anything resulting from the process of mining.  Section 5 (2)(b) 

requires that:  
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As far as is reasonably practicable, every employer must: 

 Identify the relevant hazards and assess the related risks to which persons who 

are not employees may be exposed. 

 Ensure that persons who are not employees, but who may be directly affected 

by the activities at the mine, are not exposed to any hazards to their health and 

safety. 

 

(“Reasonably practicable” is defined in Chapter One of this book). 

 

Thus, the responsibility placed on employers regarding HIRA looks both inwards at 

the workplace and outwards at persons who are not employees of the mine. 

 

3.3 Forms of Risk Assessment  

 

There are three primary forms of risk assessment which complement one another: 

 Baseline risk assessment. 

 Issue-based risk assessment. 

 Continuous risk assessment. 

 

These are explained in some detail in the paragraphs below.  Once the assessment 

process has been defined, hazard identification, risk rating and risk prioritization 

follow. 

 

3.3.1 Baseline risk assessment  

 

This is a wide-ranging exercise that reviews all potential hazards caused by 

processes and activities within an area.  It needs to be comprehensive in 

order to comply with the Act.  (Section 3.2 refers).   

 

The following page contains a detailed chart explaining this process. 
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FIGURE 3.1 - BASELINE RISK ASSESSMENT 

Scan complete business 

process and identify hazards. 

   Determine risk. 

Examples Description 

Plant – mill section – mill 

U/G – stope face – gulley 

haulage – cross cut 

shaft – station – brow-bottom. 

Loading, operating, drilling, 

driving, blasting, machining, etc. 

Loader, operator, driller, driver, 

miner, machinist, etc. 

Load hopper, operate mill, drive 

LHD or truck, drill blast hole, 

machine bush, etc. 

List all geographical areas of the 

business. Determine the risk within 

each area. 

List all activities within each 

geographical area. Determine 

significant risk activities. 

Compile risk 

profiles 

List all tasks performed by each 

occupation. Determine significant 

risk. 

List all occupations involved with 

each activity. Determine significant 

risk. 

Geographical 

area 

Tasks 

Occupations 

Activities 

-Activities risk profile 

-Occupations risk 

profile 

-Tasks risk profile 
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As depicted in Figure 3.1, (based on Figure 3.2 Chapter 3 – Handbook of 

Occupational Health Practice in the South African Mining Industry, 2001) the 

starting point is to divide the business area into geographical areas.  Once 

areas are established, the next step is to list the activities in each area, then 

occupations (or trades) in each activity, then the tasks for each trade or 

occupation. 

 

A risk profile will be compiled for each task, which can be consolidated to 

form an “occupation” risk profile, then an “activity” profile, followed by an 

“area” risk profile. 

 

The following explanations may assist the reader’s understanding of areas, 

activities and task-based assessments: 

 

Geographical or area-based:  A specific site or area, such as a workshop, 

mining section or a stope, is reviewed. 

 

Process or activity-based:  Develop a clear understanding of the process 

being evaluated, which usually requires input from experts within that area, 

for example an  engineer or shift boss, as the case may be. 

 

Occupation and task-based:  An occupation or trade (boilermaker, miner, 

drill operator) or an activity within an occupation (e.g. installing pipes in the 

shaft, charging a blast hole) is selected and studied to establish the inherent 

hazards and to determine their particular risk levels. 

 

The baseline risk assessment document should be reviewed periodically, 

perhaps once every two years, or at any other interval that best suits the 

individual mine. 

 

3.3.2 Issue based risk assessment  

 

Issue-based risk assessments are conducted to address particular and 

specific issues that have arisen in the workplace.  These may include the 

following: 

 New machinery introduced in the workplace. 

 Work process or system changes. 

 Issues arising as a result of an accident investigation. 

 New information or knowledge coming to light that may alter current 

perceptions of risk.  
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Whatever the nature of the change, a risk assessment must be done to 

ensure that any alteration to the risk profile as a result of the change is 

recorded and appropriate actions are put in place to address the resultant 

risk. 

 

3.3.3 Continuous risk assessment  

 

The purpose for conducting continuous HIRA is to ensure that additional 

risks introduced by changes in the system are captured and addressed.  

Most importantly, this form of HIRA is an integral part of day-to-day 

management.  Principally, line supervisors will conduct it during the course of 

their daily duties.  Examples of continuous HIRA are: 

 Audits. 

 Pre-work assessments using checklists. 

 General hazard awareness linked to a suggestion scheme, where 

individuals have made suggestions about areas or issues which they 

regard as potentially dangerous. 

 

3.4 Inter-Relationship of Different Risk Assessment Processes  

 

The three forms of risk assessment described above are not mutually exclusive. 

Figure 3.2 shows their inter-dependency.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3.2 - INTER-RELATIONSHIP OF DIFFERENT RISK ASSESSMENT PROCESSES 

 

What does Figure 3.2 mean? 

Management system 

Continuous 

HIRA 

Issue 

based 

HIRA 

Baseline   

HIRA 

Results 

1 

3 

7 

2 

4 

5 

6 
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1. Significant issues surfacing during the baseline risk assessment and requiring 

immediate attention are closely monitored through the continuous HIRA. 

2. Data from the continuous HIRA process are used to modify and update the 

baseline HIRA process. 

3. Outcomes from the continuous HIRA may require detailed issue-based analysis 

through the issue-based HIRA. 

4. Issue-based HIRA outcomes need to be monitored through the continuous HIRA 

process to ensure implementation and effectiveness. 

5. Baseline outcomes can be used to scope and prioritize the issue-based HIRA. 

6. As part of the continuous and issue-based HIRA, the integrity and effectiveness 

of the management system is evaluated. 

7. The results of the complete risk management process have an effect on the 

baseline risk profiles. 

 

3.5 General Notes on Practical Risk Assessment  

 

There are no fixed rules about how the HIRA process should be conducted.  

However, there are some general principles that should be followed to ensure that 

the process is effective, meaning that: 

 It should consider those risks which are likely to arise because of work and work 

activities. 

 It should enable development and implementation of appropriate action to 

manage risk. 

 It should be appropriate to the nature of the work so that it remains valid for a 

reasonable period of time. 
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Figure 3.3 summarizes the HIRA process in simple terms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3.3 - A SUMMARY OF THE HIRA PROCESS 

 

The process needs to be very practical and involve management and employees or 

their representatives.  This promotes “ownership” of the resultant system. 

 

For simple situations, where only a few hazards exist or the hazards are simple and 

well-known (e.g. hazards associated with crossing a busy haul road), risk 

assessment can be straightforward and based on judgment, which requires no 

specialized skills.  

 

When dealing with complex, technical safety systems (e.g. braking systems of 

underground vehicles), more detailed and specialized technical input will be needed 

in order to quantify the level of risk.  In all cases, specialized advice may be 

necessary to equip the team with the necessary skills to think widely in terms of 

potential hazards, some of which may be unfamiliar.  The training of the team in this 

regard is very important to ensure that it does not ignore issues due to a lack of 

experience. 

 

In some cases, a risk assessment may need to be done by several different teams, 

each one approaching it from different points of view according to its experience.  

Hazard 

Identification 

Assess 

current 

controls 

Identific

ation 

RISK RATING 

Assess likelihood 

of failure and likely 

severity.  Assign 

risk rating 

Decide to accept or 

reject risk level  

No further 

action 

required 

Apply 

further 

controls 

Identific

ation 
Accept 

Reject 
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The general approach needs to be structured so that different teams may still arrive 

at the same risk profile of a workplace. 

 

3.6 Hazard Identification 

 

Any HIRA process requires effective hazard identification as the first step, then the 

rest of the steps depicted in Figure 3.3 may follow.  There are many techniques 

used to identify hazards.  This section will not go into detailed explanation, as health 

and safety practitioners at the mines should be familiar with these and can be relied 

upon to provide guidance to mine teams. 

 

3.6.1 Preparatory work for hazard identification  

 

Before any hazard identification process can proceed a team has to be 

selected, background information (accident statistics) gathered and 

processed and the team has to be prepared for the task ahead.  It is vitally 

important that all these are carried out within a participative framework by 

involving all stakeholders and their representatives.   

 

The gathering and analysis of information from the section or area and from 

external sources are essential tasks before hazard identification can start.  

The health and safety practitioner on the mine may be approached for advice 

and safety performance data.  He or she should access the databases on the 

mine to assess the types and major underlying causes of past accidents and 

incidents.  He or she should also review accident and investigation reports 

together with other records such as those maintained by engineering staff, 

log books and audit reports.  Externally, he or she may be able to gather 

information from SAMRASS and industry organizations or from publications 

and databases.  The Internet is a valuable means of gathering international 

data.  All these data need to be assimilated and converted into a useful 

format to prepare the team that undertakes hazard identification and the 

subsequent risk assessment. 

 

It is strongly recommended that the team should be composed of people 

from the workplace being reviewed and it should include both managerial 

and non-managerial employees.  Where necessary, specialist expertise 

should also be brought in, for example, with regard to psychological factors 

or ergonomics.   

 

Once the team has been assembled, it has to be briefed for the work ahead.  

This will involve the leader of the team in the presentation of the analysed 
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data, describing the scope of work, discussing the potential hazards the team 

might encounter and encouraging it to consider not just the superficial but 

also the underlying causes of failures.  The purpose of this preparatory 

phase is to ensure that the team ‘sees' the hazards clearly when it goes into 

the workplace. 

 

The team should agree on the appropriate tools and approaches which it will 

use for hazard identification and which are in keeping with the scope of the 

exercise.  Where necessary, the health and safety practitioner will be able to 

advise and guide the team on the selection of the correct “tools”.  If required, 

he or she should also be able to advise the team on additional training in the 

use of a technique or tool before the team proceeds with the hazard 

identification exercise. 

 

It is important that those conducting HIRA are competent and receive formal 

training in order to be so.  For example, it is essential that all front line 

supervisors are trained in Critical Task Analysis, Planned Task Observation 

and Workplace Inspections. 

 

The following approach may be considered by those conducting HIRA.  

While this example focuses on activity or task based HIRA, it remains valid 

for all types of HIRA. 

 

 List all the hazards you can associate with the task or activity in an area  

 Take each hazard in turn and list current controls in place to militate 

against the hazard (Table 3.4).   

 Assess and assign a value to the likelihood of failure and the most likely 

severity of the failure guided by Tables 3.1 and 3.2.  Complete the 

relevant sections in Table 3.4. 

 Calculate a risk rating, which is the product of likelihood of failure and 

most likely severity values.  Complete the “Risk Rating “ column in Table 

3.4. 

 Decide whether to accept or reject the risk rating level guided by Table 

3.3. 

 If accepting, no further action is required, except to keep monitoring the 

controls. 

 If rejecting, consider putting additional control measures and reassess 

assuming the additional controls are in place (Table 3.4). 

 Decide whether to accept or reject the risk rating figure guided by Table 

3.3. 

 Appropriate PPE must also be considered, but as an additional control or 

as a last resort. 
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It is important to note that the approach depicted in Tables 3.1, 3.2, 3.2 and 

3.4 is not the only approach, rather it is one that has been developed by 

Turgis Consulting and that has been applied widely in Turgis’s risk 

assessment work on mines.  It is regarded as simple and practical enough 

for use by all levels of people on mines. 

 

TABLE 3.1 - DESCRIPTION OF LIKELIHOOD OF FAILURE 

Improbable:  The chance of a mishap is very low, and all 

reasonable precautions are in place to prevent it.  This should be 

the normal state of the workplace. 

 

Possible:  A mishap may occur if an adverse combination of 

factors are present.  Such a combination occurs infrequently. 

 

Almost Certain:  It is almost certain that a mishap will occur at 

some time. 

1 

 

 

 

2 

 

 

3 

 

TABLE 3.2 - DESCRIPTION OF MOST LIKELY SEVERITY 

Low:   It is unlikely that the hazard would lead to an accident. 

 

Medium:  The hazard would give rise to an accident resulting in a 

minor injury, or may cause work stoppage for less than one shift. 

 

High:  The hazard could cause an accident resulting in a serious 

injury or death. 

1 

 

2 

 

 

3 

 

 

TABLE 3.3 - DESCRIPTION OF RISK RATING 

Low:   The level of risk is broadly acceptable and no further action 

is necessary. 

 

Moderate:  The level of risk is tolerable.  The hazard should 

however be carefully assessed for opportunities for reducing the 

risk further, especially when either the severity rating or the 

probability rating is 3. 

 

High:  The risk rating is unacceptable in normal circumstances, 

and should be reduced as far as is reasonably practicable. 

1 or 2 

 

 

3 or 4 

 

 

 

 

6 or 9 
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TABLE 3.4 - RISK RATING TABLE 

AREA/ACTIVITY/TASK:  SITE ESTABLISHMENT 

 

DESCRIPTION OF HAZARD: 

Falling into existing mine holes and excavations 

 

SHEET NUMBER: 

1 

CURRENT MEASURES TO CONTROL THE HAZARD 

Some holes are fenced off. 

 

 Severity Rating Likelihood of Failure Risk Rating 

ASSESSMENT OF CURRENT POSITION: 3 2 6 

ADDITIONAL CONTROLS TO REDUCE THE RISK RATING: 

Identify unfenced holes and fence them off. 

Also post danger signs around the property, warning people of this hazard. 

 

ASSESSMENT IF ADDITIONAL CONTROL MEASURES ARE IMPLEMENTED: 3 1 3 

 

ADDITIONAL COMMENTS: 

Access control to site not possible, consideration to be given to the deployment of roaming guards. 
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3.7 Risk Management 

 

Once risks have been assessed, it is necessary to prioritize them for action which 

will satisfy the “reasonably practicable” requirement in the Act.  The aim of risk 

assessment is to enable management to make more effective decisions leading to 

priority action in the mitigation of significant risks.   

 

There are several approaches (as mentioned in section 3.6.1) that can be used for 

the measurement of risk.  These include Risk Matrix type approaches where the 

likelihood of failure is plotted against the consequence or severity of failure to 

produce a multi-quadrant matrix.  The uppermost quadrant, on the extreme right 

hand side describes a maximum risk situation.  This is comparable to the “Risk 

Rating” value of 6 in Table 3.4.  The bottommost quadrant on the extreme left hand 

side describes the minimum risk situation.  This is comparable to the “Risk Rating” 

value of 3, following deployment of additional risk controls in Table 3.4. It is essential 

that mines generate their own.   Decide whether to accept or reject the risk rating 

figure guided by Table 3.3. standard risk matrices.  There has to be a clear 

explanation and description so that risk assessment teams can understand the 

matrix so that they can be in a position to use the tool consistently.   

 

Whatever system is used, it should have the following basic components: 

 

Consequence assessment 

 

Here the degree of harm from the identified hazard is assessed in terms of the 

potential severity of the injuries or ill health and/or the number of people potentially 

affected (e.g., Table 3.2). 

 

Frequency (likelihood) 

 

This is normally a combination of two separate factors.  The first factor is 

“exposure”, which is an analysis of how often and for how long the people involved 

are exposed to the hazard. The second is “probability”, which is the chance that a 

person will be harmed during the exposure period.  Even if no formal system for 

prioritization of risks is used, components of the risk should be considered 

qualitatively during any risk assessment (e.g., Table 3.1).   
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3.7.1 Taking appropriate action 

 

The analysis of the components of a risk not only enables one to prioritize, 

but also helps to develop appropriate risk control measures.  Considering 

these and the risk control strategies specified in the Act (Section 11(2)), the 

following strategies could be considered: 

 

Elimination 

Where possible, the priority control measures must be aimed at the 

elimination of the risk.  In the example in Table 3.4, elimination of the risk 

could involve filling in of all holes and excavation, which may not be 

affordable and practical.  The next best action would be to deploy controls 

that would minimize the risk, which is the strategy the example adopted. 

 

Control the risk at source 

Example in Table 3.4 refers. 

 

3.8 Risk Prioritization 

 

Whichever approach is taken to prioritize risks high frequency/high consequence 

events are allocated the highest priority.  Those with low frequencies and low 

consequences should be given low priority and those with either high frequencies 

and low consequences, or low frequencies and high consequences, should be 

considered medium priority.  This is shown in Figure 3.4.  However it is particularly 

important that high consequence events with low frequency, such as winder rope 

breakages, are not ignored. 
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Low consequence, High frequency 

 

Low consequence, Low frequency 

 

 

FIGURE 3.4 - RISK PRIORITY TABLE 
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3.9 Reporting and Recording 

 

It is vitally important that any HIRA process is documented so that there is a reliable 

statement and evidence of what appropriate actions management is taking to 

protect health and safety.  The risk assessment needs to be an integral part of an 

employer’s overall approach to health and safety and its results need to be reported 

together with the report on the health and safety performance.  Ultimately, it should 

become an integral part of an organization’s overall management system. 

 

Whatever the format of a risk assessment report, it must be easily accessible to 

employees, their representatives and inspectors, if need be.  The record of a risk 

assessment may consist of several documents which describe procedures and 

safeguards, the approach used and the results of the exercise.  Although recording 

of the risk assessment process is important, the generation of a system on paper 

alone is not sufficient to ensure compliance with section 11 of the Act.  Producing 

documentation must not detract from the major purpose of risk assessment which is 

to improve the management of risks and thereby ensure the health and safety of 

employees  

 

It is vitally important that the recorder of the risk assessment reports those findings 

which are judged to be significant.  These include: 

 

 The major hazards identified in the assessment.  That is, those hazards which, if 

not properly controlled, pose serious risks to employees or others who may be 

affected (those that have failed the acceptance criterion in Table 3.3 in the 

example in section 3.6). 

 A review of the existing health and safety measures and the extent to which they 

are effective in controlling the risks. 

 Those who may be affected by the significant risks or major hazards (including 

those groups and employees who are especially at risk)  

 

3.10 Summary of the Eleven Steps to Effective Risk Assessment  

 

This hazard identification and risk assessment process may be summarized as 

follows: 

1. Make sure the risk assessment process is practical and realistic. 

2. Involve as many people as possible in the process, especially those at risk and 

their representatives. 

3. Use a systematic approach to ensure that all risks are adequately addressed. 
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4. Aim to identify the major risks; don’t waste time on the minor risks, don’t obscure 

the process in too much detail. 

5. Gather all the information you can and analyze it in-depth before starting the risk 

assessment. 

6. Start by identifying the hazards. 

7. Assess the risks arising from those hazards, taking into account the 

effectiveness of the existing controls. 

8. Make a decision to accept or reject a level of risk and take appropriate action on 

your decision. 

9. Look at what actually occurs and exists in the workplace and, in particular, 

include non-routine operations. 

10. Consider all employees, visitors and contractors. 

11. Always keep a written record of the assessment, including all assumptions you 

make and the reasons for those assumptions.  

 

3.11 Outcome 

 

You should be familiar with the HIRA process and aware that it starts with the 

demarcation of geographical areas, then activities within each area.  You should 

remember that each activity and the tasks thereof should be listed and the hazards 

associated with each task should be listed and assessed to determine the level of 

risk.  Based on the decision you make, plans and actions must be put in place to 

address the significant risks. 

 

3.12 Further Reading 

 

SIMRAC, 2001, Handbook of Occupational Health Practice in the South African 

Mining Industry. 

 

SIMRAC report GAP 225: 1996. Practical guide to the risk assessment process. 

 

SIMRAC report GAP 339: 1997. Risk assessment for Rock Engineering. 

 

SIMRAC report GAP 636. 2000. Risk analysis and assessment of Vertical and 

Incline small winders. 

 

Chamber of Mines of South Africa, 2001. South African Mining Industry Guide to 

Hazard Identification and Risk Assessment (HIRA). Johannesburg 

 

IEC Standards 
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3.13 Suggested Web Sites 

 

Safety in Mine Research Advisory Committee; www.simrac.co.za 

 

Department of Minerals and Energy; www.dme.gov.za 

 

Chamber of Mines of South Africa; www.cominfo.org.za 

 

UK Health and Safety Executive; www.hse.gov.uk 

 

http://www.simrac.co.za/
http://www.dme.gov.za/
http://www.cominfo.org.za/
http://www.hse.gov.uk/
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CHAPTER 4 

 

4 UNDERGROUND WORKINGS 

 

OBJECTIVE 

 

The purpose of this chapter is to provide a general overview assisting readers in 

understanding, recognizing and avoiding dangerous situations in mines.  Many of these 

hazards are covered in greater detail in other chapters of this handbook. 

 

Everything that we do involves some risk and working underground in a mine is no different.  

Mines impose additional challenges, mainly because people often have to work in poorly lit, 

confined spaces, close to machinery.  This chapter will guide the reader through some of 

the more basic “do’s and don’ts” of underground mine safety. 

 

Chapter Authors: AG du Plessis and RPH Willis  

 

Alex du Plessis has more than 26 years experience in the mining industry.  He holds the 

degrees of BSc(Electrical Engineering) and MSc(Engineering).  He is a registered 

Professional Engineer, holds a Government Certificate of Competency for Mines and 

Works, and is a Fellow of the South African Institute of Mining and Metallurgy.  Alex has 

practical production-related experience on diamond, gold and coal mines, as well as 

experience in applied research and development, gained during employment at the 

Chamber of Mines Research Organization.  He is currently a Principal Engineer and 

Chairman of Turgis Consulting (Pty) Ltd. 

 

Pat Willis has 30 years experience in the mining industry.  more than Pat Willis began his 

experience in the South African mining industry in 1976.  He holds the degree of 

BSc(Mining Engineering)(Hons)  He is a registered Professional Engineer and Chartered 

Engineer, holds a Mine Managers Certificate of Competency, is a Fellow of the South 

African Institute of Mining and Metallurgy and an Associate Member of the Institute of Mine 
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Glossary 

CoP:  Code of practice 

DME:  Department of Minerals and Energy 

FOG:  Falls of ground 

LHD:  Load haul and dump machine 

MHSC: Mine Health and Safety Council 

PPE:  Personal protective equipment 

SCSR:  Self contained self rescuer  

SIMRAC:  Safety in Mines Research Advisory Committee 

Act:  Mine Health and Safety Act 1996, (Act 29 0f 1996) 
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4.1 Introduction 

 

On the one hand, safety is largely determined by “state of mind” and culture on the 

mines and these can be improved through hazard awareness and training.  On the 

other hand, safety is about reducing hazards through good mine design and 

engineering.  This chapter covers the risks involved by analyzing past safety 

statistics and then covers a typical day in a mine worker’s life underground to 

highlight some of the more basic awareness issues and training requirements.  

Finally it addresses how most of the more serious hazards can be avoided through 

appropriate engineering and design. 

 

Table 4.1 highlights the eight most significant safety hazards in mines in descending 

order of importance.  These data are based on an analysis of accidents from 1999 

to 2003.  Gold mines sub-divide Falls of Ground (FOG) accidents into rockfalls and 

rockbursts.  Rockfalls occur when a loose rock falls from the hangingwall simply 

under the force of gravity.  Rockbursts, on the other hand, are incidents of rock 

being forcibly ejected into a stope or tunnel during a seismic event (an “earthquake” 

or “tremor”).  Rockbursts can result in rock being ejected from the sidewall, footwall 

and hangingwall. 
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TABLE 4.1 - UNDERGROUND HAZARDS IN ORDER OF IMPORTANCE 

Gold mines Platinum mines Coal mines Other mines 

Fatalities Injuries Fatalities Injuries Fatalities Injuries Fatalities Injuries 

Rockfalls Materials 

handling 

FOG FOG FOG FOG Transport Materials 

handling 

Rockbursts Rockfalls Machinery Materials 

handling 

Transport Materials 

handling 

Machinery Machinery 

Locomotives Rockbursts Falling Transport Machinery Transport Electricity Falling 

Inundation Locomotives Transport Machinery Materials 

handling 

Machinery FOG FOG 

Falling Scrapers Explosions Explosives Electricity Falling Materials 

handling 

Transport 

Materials handling Falling Electricity Explosions Falling Electricity Inundation Electricity 

Scrapers Conveyances Explosives Falling Explosions Explosives Falling Explosions 

Conveyances Inundation Materials 

handling 

Electricity Explosives Explosions Explosions Inundation 
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The data in the above table indicate areas of major safety hazard in mines.  

Practically, all of the main mining activities can lead to you or others being hurt or 

killed!  It is only awareness and the ability to anticipate dangerous conditions and 

deal with them properly that will keep you and your colleagues safe. 

 

4.2 The Basics of Mine Safety 

 

The mining industry has spent many millions of Rand investigating and researching 

mine safety in a concerted attempt to eliminate accidents.  Much good work has 

been undertaken by individual mines, mining Groups, industry bodies (such as the 

Chamber of Mines), the State and organized labour.  This work is ongoing and is 

given the highest priority. 

 

The general conclusions of the work can be summarized as follows: 

 Mines should be constructed so that, as far as possible, hazards are “designed 

out”, that is so that dangerous conditions cannot arise. 

 People who work in mines must be trained to recognize hazardous situations 

and to respond to them appropriately. 

 People working in mines must be confident that, if they work safely and carefully, 

they will be given the full support of their supervisors and colleagues, even if it 

means that production targets are not met. 

 Every person working in or visiting a mine must take responsibility for his or her 

safety and for the safety of the people around them. 

 

4.3 Your First Trip Underground 

 

Bearing in mind that all mines are different, if you are on a mine for the first time, 

there are some very important general issues that you should consider before you 

go into the mine workings, whether you are on the mine as an employee, a 

contractor or a visitor.  The most important are as follows: 

 You should have received some basic hazard awareness training that is relevant 

to the specific mine.  This can vary from formal presentations, often using 

videos, to more informal, but equally effective, talks by the mine official that will 

be with you on your first trip.  If this doesn’t happen, ask the person taking you 

underground whether there are any particular hazards or safety procedures on 

the mine that you should know about.  At the very least, this will remind him or 

her that you are serious about mine safety!   

 No matter what your status is on the mine, be it employee, contractor or visitor, 

you have a very real responsibility for your own safety and for the safety of those 

around you.   
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 Do not be afraid to ask questions and to query any perceived hazard.   

 

As you start your journey there are some key questions to be answered and some 

guidelines to be followed: 

 Are you authorized to go underground? 

 Are you sufficiently fit and acclimatized for the task to be undertaken?  

Remember that, even for visitors, a large mine could entail long walks often in 

hot and humid conditions. 

 Have you recently abused alcohol or other substances?  Do not go underground 

if you are hung-over or drunk. 

 Be aware of the mine’s latest safety campaign.  This will be well advertised 

through sign boards and notices.  Some mines have a constant safety theme, 

while some change regularly to address specific problem areas. 

 Do you have the appropriate PPE and have you checked it?  Are you wearing it 

properly?  If in doubt, ask a more experienced colleague or your guide or 

supervisor for advice.  As a minimum, your PPE should include: 

 Hard hat.  Keep it on at all times. 

 Cap lamp.  For conventional lamps, clip it firmly to the hard hat.  Don’t wear 

it around your waist or over your shoulder. 

 Appropriate footwear. 

 Safety glasses. 

 Appropriate belt and clothing (normally overalls). 

 Reflective strips on clothing or a reflective “waistcoat”. 

 Gloves. 

 Hearing protection devices (ear plugs). 

 In addition, you may also be required to wear a self rescuer, for which you will 

require training to use.  In rare cases you may also be required to wear a safety 

harness. 

 Are you appropriately “clocked in”?  These days it is most common to do this 

with an electronic card.  It is important to do this so that your trip into the mine is 

on record. 

 Have you handed in any contraband (the items which are not permitted to be 

taken underground)?  Contraband typically includes matches or lighters at fiery 

mines where there is a risk of igniting methane in the mine air.  Certain mines 

ban smoking underground whether or not they are classified as fiery. 

 

As you get to the mine entrance, consider:  

 Has the person in charge of the conveyance that you will travel in given you 

permission to enter and leave the conveyance?  This conveyance could be a 

cage, a train, a free steered vehicle or (in rare cases) a conveyor belt, for which 

specific training has to be given. 

 Has the door of the conveyance been correctly closed? 



 

 

45 

 Are you familiar with the area of the mine you are visiting?  If not, do not proceed 

without being accompanied by a supervisor, guide or colleague who is familiar 

with the area. 

 A shaft station is often a busy and congested area.  Always follow the pedestrian 

routes and be aware of moving machinery and vehicles.  Be especially vigilant at 

the tip positions.  Although many areas underground are well illuminated, your 

lamp is as much for others to notice you as it is for you to be able to see 

properly.  Keep it on at all times when underground! 

 Workshops often have heavy machinery and oily, slippery floors.  Be careful of 

falling objects and of slipping and falling when in a workshop area. 

 

Take particular care when walking to your working place, as follows: 

 The access way to your place of work is often a main transport haulage.  Be 

wary of locomotives, trucks and other vehicles.  Always stand still and in a cubby 

when a vehicle is passing and walk in the designated travelling way.   

 

 

 

FIGURE 4.1 - AN LHD IN THE UNDERGROUND ENVIRONMENT 

 

 Watch where you walk.  Don’t step into drain holes!  If you have to walk through 

water and cannot see the footwall, walk very slowly, feeling for each footing 

before transferring your weight.   

 

When you get close to your working place, take note of the following: 

 There may be a “waiting place” close to the entrance to the working place.  Do 

not proceed unless the supervisor gives you permission to do so and don’t go 

into a working place on your own unless you are entirely familiar with the mine 

and you are instructed to do so.  The areas past the “waiting place” are often 

subject to regular removal of rock either by blasting or by continuous mining.  

Because of this the environment is dynamic, constantly changing and has to be 

inspected and made safe at the beginning of each shift and at regular intervals.  

Watch out for 

vehicles and always 

stand still in a cubby 

until they have 

passed. 
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This is also the place to put on your gloves, safety glasses and hearing 

protection if you have not already done so. 

 In a typical hard rock mine, direct access to a stope will be from a cross-cut.  

This is also a congested area with material such as packs going in and rock 

being removed from box-fronts.  Be aware of moving locomotives.  Do not pass 

a box-front while it is being discharged. 

 Do not go into any area that has been barricaded off with hazard tape or a “No 

Entry” sign.   

 

Note the following when moving around in a working place or stope: 

 Mono-ropes are often used as a means to convey material into the stopes.  Do 

not under any circumstances hold on to any steel wire rope that is stationary.  It 

could start moving unexpectedly and trap your hands in pulleys. 

 There will be a number of working machines close by, be they trackless 

equipment in a base metal mine, continuous miners/shuttle cars in a coal mine 

or scraper-winches in a gold or platinum mine.  Ensure that the drivers of this 

equipment know that you are present.  Never assume that they can see you.  

One of you has to stop to allow the other to proceed. 

 

 

 

FIGURE 4.2 –STAND CLEAR OF A WORKING MACHINE 

 

 You are now at the working face.  In most mines the main hazard here is falls of 

ground.  The more significant and obvious causes of falls of ground are 

unsupported brows, unsupported blocky ground and generally “loose” roof.  A 

good rule of thumb is to ensure that there is some form of adequate support (an 

elongate, hydraulic prop, stick, roof-bolt or pack) within one metre of your 

position at all times. 

Always stand well 

clear of a working 

machineandt in a 

position where the 

driver or operator can 

see you. 
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 In most deep level gold mines and increasingly in platinum mines there is always 

a risk of being affected by heat.  Evidence presented as long ago as 1987 

suggests that there is a direct relationship between accident frequency rate and 

wet bulb temperature, which was also confirmed by work done in SIMRAC 

project GAP 203.  Work undertaken on behalf of the research programme 

“Deepmine” showed that the ability to concentrate and spatial perception 

decrease when the wet bulb temperature exceeds 28ºC and a noticeable 

increase in mean reportable accident rates occurs at 29ºC.  Other than its 

potential for heat exhaustion or even heat stroke (covered in the SIMRAC 

Handbook of Occupational Health Practice in the South African Mining Industry), 

heat also leads to confusion and disorientation.  Remember that you may not be 

sufficiently aware of your surroundings when you are very hot.   

 If you find yourself becoming uncomfortably hot and dizzy, bring this to the 

attention of your guide or supervisor, particularly if you stop sweating freely.  

This is a very dangerous situation, not only for yourself, but also for those 

around you, should your confusion lead to you behaving erratically. 

 The best way to manage heat exhaustion is to cool the body as quickly as 

possible.  This can be achieved by removing clothing, spraying the body with 

water, and perhaps gently (but carefully) blowing compressed air over (not at) 

the person.  Subsequent physical exertion must be avoided and the person 

should be taken from the mine by stretcher.  You must also be aware of the 

mine’s heat stress management system.  

 You are now leaving the workplace.  Ensure that a responsible person is aware 

that you are leaving.  Take your time.  The chances are that you are now tired.  

Beware of slipping and falling.  As on entering, beware of moving machinery and 

don’t hold onto steel wire ropes to steady yourself. 

 On reaching surface ensure you have “clocked out” so that you are recorded as 

having left the mine safely. 

 

Finally, and very importantly, think back over your shift underground.  Did you notice 

anything that you considered to be dangerous, either in how people behaved or the 

equipment and installations that you saw?  If so, you have a vital duty to make your 

observations known to mine personnel or a supervisor.  Treat every trip to a mine as 

if you were inspecting it prior to your son or daughter visiting the mine the next day! 
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4.4 Rockbursts and Rockfalls  

 

4.4.1 The nature of the hazard 

 

As mining progresses, high stresses arise in the rock around underground 

excavation sites. When these stresses exceed the strength of the rock, the 

rock breaks.  Generally, the deeper the excavation below the surface, the 

higher the stresses (and therefore the amount of fractured rock around the 

excavation) that can potentially arise.  There are, however, many other 

factors that influence the extent of fracturing around an excavation, including 

the shape of the excavation, how fast it is being developed, the strength of 

the rock, geological structure in the vicinity of the excavation, and the like.  

Ultimately, the rock around an excavation will be fractured for many metres 

around it.  A section through a stope in a deep mine, showing the concept of 

fracturing that can arise, is shown in Figure 4.3. 

 

Normally, rock fractures more or less continuously and steadily as mining 

progresses.  Sometimes, the stress builds up in the rock mass without 

immediately causing rock to fracture.  The sudden release of built-up stress 

then causes a large volume of rock to fracture at once.  The resulting shock 

is commonly referred to as a rockburst or seismic event.  The shock waves 

that are produced during a seismic event can be so great as to propel rock 

into the excavation from the footwall or sidewall, not only from the 

hangingwall. 

 

The occurrence of seismic events is very dependent on the detailed 

geological structure.  For instance, the presence of faults, even small faults 

or joints, inclined at a small angle to the face, greatly increases the 

probability of a seismic event.  Aside from the possibility of a slip occurring 

on a fault near the face, such features interfere with the normal stable 

propagation of the fracture zone and may cause the fracture zone to extend 

suddenly.  Very large seismic events tend to occur on major geological 

features such as larger faults or dykes and often at some distance from the 

face.  Here they occur in response to stress changes in the rock mass on a 

regional basis, although very irregular face shapes can give rise to such 

events occurring much closer to the face. 

 

By contrast, a rockfall is an event when a piece of broken rock is dislodged 

from the hangingwall and falls into the excavation under the force of gravity.  

It is not necessarily accompanied by a sudden release of energy as in the 

case of a rockburst. 
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4.4.2 Avoiding rockbursts and rockfalls  

 

The most important first line of defence against rockfalls and rockbursts is 

good mine design.  Since the 1950s, the South African mining industry has 

spent many hundreds of millions of rands in research work to better 

understand the mechanism of rock fracture in mines.  The result is a large 

and growing body of knowledge in the field of rock engineering.  This is 

applied by rock engineering experts to the design of mines so that rockbursts 

and rockfalls are minimized. 

 

It is therefore important to realise that the layout of the tunnels, stopes, 

development ends, ore passes and indeed all other excavations in any 

particular mine, are the result of a rigorous design process.  The layouts that 

are typically seen on modern deep mines (longwalls, scattered mining, 

sequential grid mining and others) are chosen on the basis of best rock 

engineering practice for the conditions at the mine, as much as on any other 

consideration.  Obviously, changes to layout are never contemplated without 

the detailed assistance of rock engineering experts. 

 

Once the degree of rock fracturing that can occur has been limited by the 

general design and layout of a mine, the rock engneering experts turn their 

attention to minimizing the rockfall hazard.  Many considerations are taken 

into account and the resulting support standards and practices are 

documented in the mine’s CoP for the prevention of rockbursts and rockfalls.  

All mines are required by law to have such a CoP and a copy will be 

available from the mine’s rock engineering department or line management. 

 

Underground coal mining often involves the eventual extraction of support 

pillars.  Extracting pillars, either totally or partially, is only done once 

cognizance of the overall rock environment has been taken and sound rock 

engineering principles have been applied to the pillar extraction plan.  It is 

important that this plan be followed carefully as uncontrolled pillar extraction 

is reckless. 

 

All people who are directly involved in production operations at a mine, or 

who supervise these operations, should be familiar with the mine’s CoP and 

will have been trained in its application.  All other people who work or visit 

underground must recognize that they are not as knowledgeable in the field 

as these people and must follow the general precautions described below. 
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4.4.3 General precautions 

 

The following are general precautions that all people underground should 

take: 

 When a mining face is blasted, the face is advanced away from the 

existing support, and the blast itself damages the surrounding rock.  It is 

very important that properly trained people enter such areas first.  It is 

their responsibility to bar down loose rock which they judge could fall 

from the hangingwall and to support the newly-exposed mining area.  

Only when the area has been made safe (Figure 4.4) in this manner, 

should any other people enter.  It is therefore important never to go into a 

stope or development end unless the mining official in charge of the area 

has declared that it is safe to do so. 

 

 

FIGURE 4.3 - FRACTURED ROCK LOCALLY SUPPORTED BY AN 

ELONGATE 

 

 Barring is a hazardous procedure and only people who have been 

properly trained should do this work. It is especially important to bar from 

a safe position. 

 

 

Wait until a 

mining official 

has declared a 

stope safe before 

you enter it 
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FIGURE 4.4 - MAKING THE STOPE SAFE BEFORE WORK STARTS 

 

 Waiting places are often found immediately before the entrance to a 

stope or development end.  If there are notice boards at the waiting place 

of the working area, plans will be displayed.  The plan will indicate, 

among other things, whether there are any special requirements for 

support in the working areas.  These plans should be studied so that you 

know the support standards that you will encounter in the workings. 

 When travelling through a working area, note any deviations from the 

support standards that were marked on the plan and report these to the 

official in charge. 

 From time to time, supports will have to be removed.  This is a very 

hazardous operation as the rock above the support could fall when the 

support is removed.  The general principle is never to remove a support 

unless you are working from another area that is adequately supported.  

In general, supports must only be removed by people who have been 

properly trained to do so. 

 Support standards indicated on stope plans or as described in a mine’s 

CoP are the minimum standards to be applied.  In many cases, 

production personnel will install additional support to address local 

hazards.  This is appropriate and should be encouraged. 

 

4.5 Working in Narrow Stopes 

 

Many “hard rock” mines (typically gold and platinum mines, but not coal mines) 

operate with narrow stopes of the order of 1 m high.  This is not only because the 

payable band of the ore is 1 m wide or narrower, but also because smaller holes or 

excavations are inherently safer than bigger ones, although we often feel the 

Barring down will 

ensure a more stable 

roof and preserve 

life and limb.  Always 

bar down from a safe 

position 
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opposite because of the tendency of many people to feel claustrophobic in very 

small excavations.   

 

The desire to keep the stope openings as small and as few as possible for improved 

rock engineering safety typically means that the same excavations are used to 

transport material into the stope and rock out of it, as well as to provide access for 

people to and from the working face.  This is probably the most important issue to 

bear in mind when working in a narrow stope - your working space is also used for a 

variety of other purposes, many of which could cause you injury. 

 

Most mines will have a documented standard for the layout of stopes and other 

working areas.  This document will specify all that is required for safe working 

conditions to be maintained, and will be available from any production supervisor.  If 

you are to visit stoping areas regularly, even as a visitor, it would be worthwhile to 

go through the standards document in order to familiarize yourself with the accepted 

practices on the mine.  It will then be possible to identify deviations from the 

standard, to recognize the hazards that could arise therefrom, and to take suitable 

action to avoid the hazards and to report them. 

 

The particular precautions to take in narrow tabular stopes are as follows: 

 Don’t ever move around in a gully when the scraper-winch is being operated 

(Figure 4.5).  Only move in the gully when the person in charge of your party 

tells you that it is safe to do so, or you are sure that the winch driver knows that 

you will be using the gully.   

 

 

 

FIGURE 4.5 - GULLY SCRAPER IN OPERATION 

 

 When moving in the gully, always be prepared to pull the emergency stop cable 

that is strung close to the hangingwall along the scraper path.  Check, from time 

to time, that you can see the emergency pull cord and can reach it. 

Keep away from 

the gully while 

the scraper-

winch is in 

operation 
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 If you hear a loud whistle while you are in a gully (which may mean that the 

winch is about to start moving), or the winch actually begins to move, move out 

of the gully to a safe place between the supports on either side of the gully.  

Never try to step over or around a moving winch cable as the cable can move 

very erratically as the scraper bucket takes up load or snags on the side or 

bottom of the gully. 

 The installation of anchor points for return snatch (pulley) blocks in scraper 

winch operations must comply with the correct procedure as the installation, if 

not done correctly, is particularly prone to failure potentially resulting in serious 

injury.  This procedure should specify, amongst others: 

 Depth of hole must be long enough to accommodate the entire length of the 

eyebolt. 

 The use of the correct number of eyebolts. 

 Condition of eyebolts. 

 Correct wedging of eyebolts 

 Safety pins safely installed and in good condition. 

 Installation of safety sling or chain where applicable. 

 Installation and spacing of elevation snatch blocks. 

 Barricades are used around the winch cubby to prevent inadvertent entry and 

possible contact with moving machinery.  Most barricades are built using 

fireproof timber, although some mines use a chain barricade with suitable 

signage.  In some mines, a winch area barricade also serves the purpose of 

guards on the winch, although the more common practice is to have both guards 

and barricades.  Guards are installed on the top of winch drums and over 

couplings and other moving parts.  Don’t go close to a winch where the guards 

are broken or have been removed, as your clothing could be caught up and 

severe injury could result.  Report the state of the winch to the person in charge 

of the working area, if something appeared wrong. 

 Winches (and many other types of machinery underground) are fitted with a 

lockout device.  This prevents the winch from being started so that repair work or 

maintenance can be carried out without any chance of the winch operating 

without warning.  The lockout device makes the starter button inaccessible to 

unauthorized personnel while appointed operators and their supervisors keep 

access keys.  In practice, one operator keeps a key for one particular winch 

only.  The responsibility for lockout rests with winch operators, their supervisors 

and other personnel such as maintenance crew, surveyors and grade samplers, 

who may require scraping operations to be stopped to enable safe work.  Never 

interfere with a locked-out winch or attempt to bypass the lockout. 

 Interlocks are sometimes used to ensure that machinery cannot operate in areas 

where dangerous conditions could arise if the fans ventilating the area stop.  The 

interlock interrupts the power supply to other equipment if the fans stop for any 
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reason.  If any machinery will not start, or stops operating suddenly, it could be 

because the interlock has been operated. 

 Winches in centre gullies move rock to ore passes.  The top of an ore pass is 

covered by a grizzley so that people cannot fall into the ore pass.  Handrails, 

chains or other barricades are also erected around ore passes, in order to 

prevent people falling into the pass.  However, it is often difficult to prevent 

damage to these installations and great care should be taken when moving past 

ore pass positions.  Test hand-hold points before you rely on them. 

 Some stopes are served by monowinch installations.  Installed in cross-cuts as 

close as possible to the timber supply, the steel ropes are reeved through a 

series of pulley blocks to follow the route chosen for the material (such as 

timber, mechanical steel props, elongates, etc.) to travel, usually to the top of the 

panel.   Two methods are used for loading materials when a monowinch system 

is used to transport materials to the stoping areas. One method uses a loading 

magazine to which the item is tied using twine.  The twine is then slid off the pipe 

and over the rope.  When this method is used, the monowinch motor is not 

stopped during loading.  The other method involves starting and stopping the 

motor at intervals to allow a worker to fasten the items directly to the mono-rope.  

Monowinch ropes are often moving in close proximity to people.  The ropes 

should never be held, even when stationary.  When the monowinch is operating, 

remain vigilant of the material that is being transported.  Make sure that you 

always have a plan that will allow you to move quickly out of the way of the 

monorope route. 

 Be alert to the danger that people who are moving ahead of you could dislodge 

loose rocks that could then roll back and result in you losing your balance. 

 

4.6 Working in Mechanized Mines 

 

Mechanized mines are characterized by many of the safety issues that occur in 

narrow stope mines and the section on “working in narrow stopes” should be read in 

conjunction with this section. 

 

In mechanized mines, various rubber-tyred, self-steered vehicles are used to break 

and move rock, as well as for other purposes.  These machines can be a major 

source of hazards which can be addressed by remembering the difficulty that the 

drivers of the vehicles have, in seeing pedestrians, even if the vehicle’s lights are 

shining directly onto them.  Therefore, never assume that the driver of a moving 

vehicle has seen you and that you will thus be safe (Figure 4.2).  Always move to a 

safe place out of the vehicle’s path and wait there until the vehicle has passed.  If it 

is not possible to get out of the vehicle’s path then you will have to attract the 

driver’s attention.  One way of doing this (shouting is not normally effective), is to 
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shine and waggle the beam of your cap lamp where the driver is most likely to see 

it.  Do not shine it in his eyes, as this could temporarily blind him. 

 

4.7 Working in Coal Mines 

 

Coal mines share many of the characteristics of narrow stope and mechanized 

mines, thus those sections should be read in conjunction with this one. 

 

Coal mines often use a combination of rubber-tyred equipment and conveyors to 

move coal from the mines.  This equipment, combined with the presence of coal 

dust and the possible occurrence of methane in the atmosphere, requires that 

special precautions be taken to prevent any naked flame or spark that could lead to 

dust or methane ignition.  These measures include special exhaust arrestors 

installed on engines and special enclosures used for electrical equipment.  All of 

these safety features are specialized and must only be installed or maintained by 

people who have been specifically trained to do so. While it is always important not 

to interfere with equipment in any mine, this is especially the case in coal mines. 

 

4.8 Mud Rushes 

 

Most of the following guidelines are extracted from the Booklet on methods of 

combating mud rushes in diamond and base metal mines. (SIMRAC, OTH 601). 

 

Mud rushes are sudden inflows of mud from draw points or other underground 

openings.  The speed of the mud inflow is often so great that people are not able to 

get out of the way.  Considerable violence, in the form of an air blast, is often 

associated with a mud rush and this can be the cause of accidents and severe 

damage to mine infrastructure. 

 

Mud rushes can occur when the following factors arise simultaneously: 

 An accumulation of water. 

 An accumulation of mud-forming material and rock. 

 The proximity of the mud to the draw point or discharge point. 

 An opportunity for the mud to discharge. 

 

Mud rushes can occur in all of the following situations, among others: 

 Water collecting on the surface in abandoned openings to underground. 

 Water collecting above and close to open pit slopes.  
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 In mining operations in which backfill is used for support (for example, narrow 

reef stoping, cut and fill, open or vertical crater retreat stoping, post filling and 

post pillar mining operations). 

 Blockages and hang-ups in boxholes and passes. 

 

Some mines that have a history of mud rushes are categorized as mud rush prone 

mines.  These mines will have a CoP for the prevention of mud rushes in place.  

The following measures may also be in place: 

 Written underground mud rush precautions. 

 A competent person appointed to be responsible for mud rush control. 

 A procedure for mud rush incidents to be reported to the DME. 

 

While the primary controls for mud rush hazards are correct design and operation of 

the rock moving system in the mine, visitors and other workers can apply the 

following steps to minimize the chance of becoming caught in a mud rush: 

 Establish whether the mine has a CoP or any written procedures for preventing 

mud rushes and become familiar with them. 

 Be aware of the potential sources of mud rushes, such as box fronts on ore 

passes, and do not loiter in these areas unnecessarily. 

 Maintain, if at all possible, a safe distance from any draw point or box front that 

is being pulled. 

 Do not operate a box front or any other rock loading point unless you are 

properly trained to do so. 

 Ensure that waste water flows in the draining system that was designed to 

handle it and report any drainage problems to a responsible supervisor, 

particularly if you encounter water entering the top of a rock pass. 

 

4.9 Slipping and Falling 

 

Slipping and falling have been identified as a significant root cause of accidents.   

 

The majority of slipping and falling accidents occurs in stopes, gullies, walkways and 

haulages.  The activities associated with these accidents include drilling, sweeping, 

barring, using ladders, pulling cables or ropes, pushing material cars, manual 

materials handling, and climbing on to and down from mining machinery. 

 

High-risk occupations in all the categories of falling and slipping accidents are 

general miners, rock drill operators, stope team workers, locomotive drivers, winch 

operators and plant workers. 

 

The following general precautions can be taken to avoid slipping and falling: 
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 Be particularly vigilant when the available lighting is poor.  Move slower and with 

more care than you normally would in a well-lit area.  

 Poor housekeeping is a general indication that the danger of slipping, tripping 

and falling may be greater than normal. 

 

 

 

 

 

 Stairways, walkways and working platforms without proper handrails are 

particularly dangerous. 

 Ladders should always be sturdy and in good condition.  The top of the ladder 

should extend beyond the landing level and the ladder’s feet should be firmly 

planted so that they cannot slip.  Lashing the ladder to a stable support is 

advisable. 

 Inspect scaffolds for sturdiness before you use them. 

 Always wear proper footwear.   

 Appropriate and functional safety devices should be provided for people working 

at box holes, ore passes and in shafts.  These will prevent persons from 

accidentally falling into these excavations. 

 

4.10 Outcomes 

 

Your safety when working in or visiting the underground workings of a mine requires 

that you: 

 Make allowance for the very fundamental differences between underground and 

surface.  Recognize that it can be darker underground than it ever is on surface 

Be particularly careful 

of tripping over 

uneven footwall 
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and that you will probably only be able to see the places where your cap lamp or 

other lights are shining. 

 Conditions underfoot are likely to be variable underground and are often very 

slippery.  Take this into account and move around slowly and carefully. 

 Get into the habit of continuous risk assessment.  Ask yourself:  “What could go 

wrong here?  How would it happen?  What can I do to avoid it happening?” 

 

Remember that, ultimately, you have a legal right and an obligation (to yourself, 

your family and your fellow workers) not to work in a situation that you regard as 

dangerous.  Exercise that right responsibly and diligently. 

 

4.11 Further Reading 

 

SIMRAC OTH 601, 2000: Methods to combat mud rushes in diamond and base 

metal mines. 

 

SIMRAC OTH 602, 2000: Best practice rock engineering handbook for Other Mines. 

 

SIM 02 09 04, 2002: Slipping and falling and manual handling accidents. 

 

SIMRAC COL 609, 2000: Support installation practice in mechanical miner 

workings. 
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CHAPTER 5 

 

5 SURFACE WORKINGS 

 

OBJECTIVE 

 

This chapter covers the basic safety issues in surface mining methods and activities, 

emphasizing the importance of mine design for ensuring that health and safety risks are 

reduced on the working mine.  It discusses various dangerous situations and how they can be 

avoided, providing detailed information on safety and health hazards in the working 

environment and on various surface mining operations.  
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GLOSSARY 

 

Angle of repose:  The angle at which broken rock will not tend to move under the 

influence of gravity 

PPE:  Personal Protective Equipment  

LHD:  Load Haul Dump machine 
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5.1 Introduction 

 

Surface mining involves many variations on the basic concept of exposing and 

mining ore, often by the removal of waste material surrounding the ore, without 

using tunnels and shafts to access the ore directly. 

 

With this mining method, there are essentially three common components: 

 

 The people, who operate equipment and work at the mine 

 The equipment or plant used to assist in the exposure, removal and processing 

of the material 

 The rock or material being mined – whether it be ore or waste – and the 

excavation created by its removal 

 

It is how these basic components are combined that defines the mining method and, 

more critically, the safety, risks and hazards to which people are exposed as part of the 

surface mining operation. 

 

Surface mining can encompass various types of mining, including: 

 Small mini-pits, often associated with sand, clay and gravel mining. 

 Open-pits, for larger scale mining of various commodities. 

 Quarries and terrace mining operations, for small and larger scale rock, 

aggregate and dimension stone mining. 

 Strip mines, for small and larger scale mining, often associated with coal. 

 Dredge-ponds, for larger scale mining, often associated with mineral sands. 
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FIGURE 5.1 - (A), (C) AND (D):  TYPICAL OPEN PIT WORKINGS. (B): TYPICAL OPEN CAST 

OR STRIP MINE WORKING 

 

The diagram below indicates how the essential activities of drilling, rock breaking, 

excavating and loading, and transport, are combined in a variety of ways to suit 

different commodities and ore bodies. 

 

(c) 

(a) 

(d) 

(b) 
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FIGURE 5.2 - SURFACE MINING PROCESSES 

 

While surface mining presents a vast array of different mining methods, there are a 

number of fundamental safety principles that apply to most, if not all, operations.  

This chapter focuses on these basic principles. 

 

5.2 Basic Safety Issues in Surface Mining Methods and Activities  

 

5.2.1 Mine design 

 

The first step in any surface mining process is planning.  If this is done with 

due regard to some basic safety and health risks, these risks can be reduced 

and safety improved.  Time taken at this stage to consider the best layout of 

the mine and the equipment to be used will greatly reduce the risk of 

accidents to persons and plant during the working life of the mine.  You 

should be aware that the basic mine design will have been undertaken by 

people who are competent to carry out this type of work and it would have 

specified slope angles for excavations, access ways for equipment and 

people, and like issues.  Be careful not to change the basic mine design 
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without consulting someone who is experienced designer, because you may 

unwittingly introduce dangerous conditions by doing so. 

 

There are some areas of a mine that are dangerous to people and these will 

be demarcated with no-entry signs.  Respect these signs and do not enter 

no-go areas, even if you are not sure of why the area has been declared 

hazardous. 

 

5.2.2 Stripping of overburden 

 

Surface mining activities generally start with the removal of topsoil (which 

should be stockpiled carefully for rehabilitation in the future) and overburden, 

typically comprising loose ground, decomposed rock and the harder rock 

below.  The loose and decomposed material is potentially unstable and could 

easily collapse or slide, especially when wet.   

 

Any excavation of loose ground should therefore not be undertaken by 

undercutting or by forming steep slopes.  The slope of loose ground or 

decomposed rock should be kept at a shallow angle that ensures stability.  

This angle should be determined by a Geotechnical Engineer, taking into 

consideration material strength, excavation dimensions and required safety 

of the slope.   

 

The following basic precautions can assist in preventing loose soil or 

weathered overburden from sliding back into the mine area: 

 

 Pit or wall perimeters that consist of soil or unconsolidated material which 

could create a fall-of-material hazard, should be stripped back from the 

top of the pit or quarry wall. 

The steepness of 

the slope must be 

determined by a 

Geotechnical 

Engineer 
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 All material from the stripping of overburden should be removed to a safe 

distance from the working edge of the mine excavation and be shaped to 

a safe “angle of repose” (see 5.2.3). 

 

In the case of strip mining, waste overburden is placed next to the coal seam 

to be removed.  Any unstable conditions are thus dangerous since a collapse 

of the waste (or spoil pile) will be in the direction of coaling activities where 

people and equipment operate.  

 

5.2.3 Dumping of overburden and stockpiles  

 

Care should be taken when dumping overburden or fragmented rock, either 

at a waste dump or in a stockpile.  Material is likely to be unstable and have 

a low angle of repose (the angle of the slope of the material at which it will 

start to run - you can’t build a dump slope at greater than the material’s angle 

of repose).  

 

Steep, high dumps and dump crests are especially unsafe.  Also, with 

stockpiles, the practice of simultaneous top dumping and bottom loading 

must be avoided, due to the possibility of collapse of the top of the stockpile. 

 

In strip coal mining, a dragline dumps the overburden in a spoil pile.  The 

slope of this spoil is often at the angle of repose for dry overburden.  If, 

however, water is allowed to seep through the overburden spoils, or if water 

accumulates on the floor of the mine, this will cause spoils to fail because the 

material has a lower angle of repose when it is wet than when it is dry. 

 

5.2.4 Working on walls and benches 

 

Major risks in the production areas of surface mines are falls of rock at the 

working faces; the collapse of the working face or stacks of faces, or even 

the whole slope; and landslides.  They are often the cause of serious mining 

accidents.  The design and layout of the working faces should therefore be 

such that the danger of material falls is minimized. 

 

This can be done by applying a benching (terraced) system instead of having 

a single steep wall.  The design of these bench, stack and overall slopes is a 

specialized geotechnical function and should consider both local geology 

and the required factor of safety of the whole excavation.  However, in strip 

mining, a single steep bench is often a requirement of the production 

method.  In this case, due to the height of the bench, extra special care is 



 

 

66 

needed when loading coal at the foot or toe of the bench because it is very 

difficult to see any loose rock on a high face. 

 

Any face, slope or bench (Figure 5.3) where work is to be performed must be 

regularly examined for cracks or other signs of weakness, in particular at the 

following times: 

 Prior to commencing any work where people or equipment must access 

the bench or highwall. 

 After blasting - not just the blasted bench, but other benches in the 

vicinity. 

 After heavy rainfall, or at any other time that ground conditions warrant. 

 

 

 

FIGURE 5.3 - TYPICAL WORK FACE IN AN OPEN CAST MINING OPERATION 

 

Each mine should have a document (typically a Code of Practice (CoP)) that 

defines slope design techniques for the mine and stipulates how high and at 

what angle a slope must be cut.  The CoP must establish the maximum 

extent of no-entry zones for machinery (except drilling machines) at the top 

and bottom of walls.  Drilling machines must only be allowed within the 

restricted zone after the wall edges have been examined for cracks and 

found to be safe by a competent person.  The minimum qualifications for a 

competent person must be set by each mine in accordance with 

requirements of Mining Regulations. 
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5.2.5 Bench face scaling 

 

Wherever loose rock or soil at any working face could create a danger to 

people, it should be scaled down or supported in a safe manner before other 

work or travel is permitted in the affected area.  Support in active mining 

faces is often difficult and expensive to apply and therefore, as far as practicable, 

faces should be self-supporting. 

 

After any type of excavation, loose material will be found on the excavation 

face.  Scaling must be carried out from a location that will not expose people 

to injury from falling material (Figure 5.4).  All people must be removed from 

below the scaling area. 

 

Never work or walk 

under a rock 

overhang! 
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FIGURE 5.4 - SCALING FROM THE SAFETY OF THE TOP OF THE 

BENCH 

 

If scaling is performed from below the face, the scaling machine should be of 

a length and design that will allow the removal of loose material without 

exposing the operator to injury.  Loaders, especially hydraulic front- or 

backhoe-shovels, can reach up into a face but are not designed to scale 

faces and loose rock can easily fall on the machine or operator’s cab. 

 

Remember that water in surface mines is a hazard.  Not only can it lead to 

slope failures and flooding, it also makes for unsafe operating conditions for 

people and equipment.  Slipping and falling accidents increase and sliding 

and skidding of equipment are also unnecessary hazards associated with 

excess water in a mine. 

 

5.2.6 Mine drainage 

 

Most surface mines encounter some groundwater inflow and all surface 

mines have problems in dealing with surface water during and after heavy 

rainfall.  Surface water can adversely affect the stability of the pit strata, 

wash out slopes and terraces, and even flood the mine.  Heavy mud flow 

and slope failure are often consequences of surface water entering the mine. 

Hand scaling should be 

done from the top to avoid 

loose material from falling 

on the person undertaking 

the task. 
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In dredge and hydraulic mining, heavy water inflow can often lead to 

breaching of lagoon walls and loss of equipment. 

 

Whenever possible, surface water should be prevented from entering mine 

workings by digging ditches to trap the water and directing it away from the 

pit.  Drainage channels should be well away from the edge of the excavation 

and constructed so as to minimize storm runoff entering the pit.  Channeling 

incoming water down the slopes to collection points could also be an 

effective way of protecting the slopes of surface mines.  Where necessary, 

water pumps should be installed at such collection points, together with 

appropriate safety equipment to prevent drowning. 

 

5.3 Critical Operational Safety Hazards at Surface Mines  

 

In a surface mine, many safety and health hazards can arise in addition to the basic 

ones previously mentioned.  Using the three components identified, namely people; 

plant and equipment; and the material and excavation created, let’s look first at the 

people and how their working environment can affect them. 

 

5.3.1 The working environment  

 

Dust and fumes 

Rock dust is mainly produced during drilling operations, blasting, loading, 

tipping and crushing of rock or ore.  If you are exposed to excessive dust for 

prolonged periods you may suffer from permanent lung diseases, such as 

silicosis.  Reference should be made to the SIMRAC Handbook of 

Occupational Health Practice in the South African Mining Industry, Chapter 

4, Sections 4.2 and 4.3, inclusive. 

 

As far as practicable, the escape of dust into the atmosphere should be 

prevented or controlled by: 

 Using wet drilling techniques. 

 Using a good blast design. 

 Using water sprays during loading, tipping and crushing. 

 Regular watering of roadways and working areas where dust is likely to 

be generated. 

 

However, even when the above control measures are in place and are 

working well, it is advisable to wear a mask to prevent the inhalation of dust 

(Figure 5.5). 
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FIGURE 5.5 - WEARING OF DUST MASK IN DUSTY OPERATIONS 

 

In general, any stone surface being worked should be kept moist to reduce 

the escape of dust into the atmosphere. 

 

Fumes that are produced during blasting operations contain toxic gases 

(such as sulphur dioxide, nitrous oxide, nitric oxide, etc.) which, when 

inhaled, can lead to serious health damage.  You should not approach a 

working face after shot-firing until the dust and fumes have completely 

dissipated.  Remember also that during loading, some trapped fumes can be 

released which, whilst not in high concentrations, can nevertheless lead to 

headaches, dizziness or eye irritation. 

 

The exhaust from diesel engines also contains harmful airborne 

contaminants, including very fine, respirable particles.  Frequent and 

prolonged exposure to diesel exhaust is a health risk and should be avoided. 

 

Noise 

Repeated or prolonged exposure to excessive noise levels will lead to 

permanent hearing loss.  Potential sources of noise emissions include 

compressors, drilling machines, pick or hydraulic-hammers or other 

mechanical equipment used at a mine.  

 

Since the noise levels (or “sound pressure”) of hammers or drilling machines 

normally exceed acceptable levels, every person working with or in the 

vicinity of such devices must always use hearing protection. 

 

Dust masks must 

always be warn when 

drilling, especially in 

diamond mines, where 

dry drilling is 

sometimes 

unavoidable. 
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Where noise control measures (such as increasing the distance from the 

source of the noise) are not possible, comfortable and practical personal 

hearing protection devices, such as approved ear plugs or ear muffs (Figure 

5.6), should be worn by every person exposed to noise. 

 

FIGURE 5.6 - AN EXAMPLE OF EAR MUFFS 

 

Vibration 

Workers operating hand-held machinery, especially pneumatic rock drills and 

hammers, can suffer from the effects of vibration in their hands and arms.  

Vibration White Finger (VWF) or “dead finger” disease starts when the fingers 

become numb.  VWF can lead to gangrene in extreme cases, but can be 

prevented by: 

 Avoiding long periods using equipment, particularly in cold weather 

without gloves.  Work in short bursts.  

 Using modern, vibration-dampened equipment. 

 Repairing or replacing old equipment or fitting anti-vibration handles. 

 Gripping handles as lightly as possible. 

 Supporting heavy tools so that a lighter grip can be used. 

 

Other sources of vibration such as jolting and jarring often occur when 

operating heavy mining machinery.  Never replace or try to repair seats in 

this equipment since they are often designed to dampen these jolts and 

protect the operator.  Excessive jolting and jarring can lead to organ or 

skeletal damage over a long period of time. 

 

Personal protective equipment 

Appropriate hearing 

protection must be 

worn in designated 

areas 
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The mine operator must provide, free of charge, the personal protective 

equipment (PPE) that is to be worn when specific hazards cannot be 

eliminated (Chapter 12 of this handbook).  People who are issued with PPE 

must ensure that it is worn properly and maintained in good condition. 

 

Basic PPE includes: 

 A hard hat in areas where falling objects might create a hazard. 

 Protective gloves when handling materials or performing work which 

might cause injury to the hands. 

 Suitable protective footwear (e.g. safety shoes or safety rubber boots) 

where there is a danger of slipping or of injury to the feet and ankles. 

 

Additional PPE that should be used as required includes: 

 Hearing protection where excessive noise levels are produced (e.g. 

where compressors, drilling machines or hammers are used). 

 Dust masks where excessive airborne dust is produced. 

 Safety glasses where dust or flying objects could cause eye injury. 

 Shin guards, when man-handling equipment. 

 Reflective vests, especially where people and large equipment are in the 

same working areas 

 

5.3.2 Dril l ing and blasting 

 

Drilling 

When drilling from the edge of a bench, a primary hazard is that of the driller 

falling over the edge of a working or abandoned bench.  However, the risk of 

rocks or materials falling on to workers at the foot of a face should not be 

overlooked.  The highest risk will occur during the drilling of the first line of 

holes parallel and closest to the working edge of the bench.  The edge or 

crest of a bench can be unstable due to geological and blasting effects.  A 

face and bench are necessary parts of a working quarry and therefore it is 

not possible to remove the hazards associated with them, but the 

identification of conditions which increase a possible hazard is an important 

preventative measure. 

 

Clearly, people are only at risk when they approach the edge of a bench.  In 

normal circumstances, there is no need for anyone to be so close to a bench 

edge as to be liable to fall over it.  However, anyone working within perhaps 

three metres from the edge would be in danger of falling over it, should they 

trip or accidentally slip while carrying out their work.  If berms are used at a 

distance of 1-2 m from the bench edge, they should be large enough to 
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prevent someone tripping over them and could actually inhibit a worker from 

falling. 

 

Various control measures can be taken and the first is to ensure that 

equipment is suitable for the job and that the person in charge of the drilling 

machine is competent to carry out the drilling operation.  Part of the training 

should always include instructions to face towards the open edge of the 

bench so that any inadvertent backward step is away from the edge.  

Remote control may also be useful for edge drilling. 

 

Additional hazards associated with drilling and blasting are discussed fully in 

Chapter 7:  Explosives, (sub-chapter 7.13:  Surface mines) of this book. 

 

There are a number of hazards associated with moving parts of drilling 

equipment, principally those of moving the drilling rig around the site, and 

being trapped between reciprocating and fixed parts of the rig and revolving 

parts, such as the drill rods, bit and tramming system (wheels, tracks, etc.).  

Drill crews and others should stay well clear of rotating augers or drill stems.  

Do not pass under or step over a rotating drill stem or auger.  Guards must 

be maintained on moving parts. 

 

Where drilling is carried out with small hand-held machines, equipment must be 

inspected and any defects corrected before it is used.  The drill steel should 

not be held while collaring holes.  Care should be taken to make sure the drill 

is used and directed away from overhangs and unstable areas of face or 

bench. 

 

Compressed air has a number of hazards associated with its use.  Suitable 

locking devices must be used at connections between machines and high 

pressure hose lines, particularly where a connection failure could create a hazard 

to the operator or other persons.  Never direct compressed air towards a 

person - wounds caused by compressed air often turn septic and heal with 

great difficulty. 

 

Face stability 

Before any loading takes place, a face must be examined and remedial 

measures taken to make it safe, if there is any concern that a collapse could 

take place.  

 

The working of the face should be in a direction (that has taken into account 

the geology) such that the face and quarry sides remain stable.  In a blasted 

rock loading face, stability of the face can easily be maintained if the correct loading 
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equipment size in relation to face height is used.  Particular care must be taken 

to ensure that the working face at a sand and gravel mine is in proportion to the 

height of the loader in use, since this material has a low angle of repose and can 

easily be undermined, causing it to slip and rush, or inundate the loader. 

 

Face stability becomes critical when cleaning up near the toe of a slope.  

Loose rocks from the bench top area may be dislodged and fall onto the 

operator’s cab, especially where the cab is located close to the machine 

bucket. 

 

Loading 

Rock fall accidents are related to the condition of the excavation face as it is 

exposed.  Poor blasting often leaves a badly cracked bench face that is 

difficult to clean and scale.  When using an excavator or loader at the toe of 

the face, the bench crest area cannot immediately be made safe and loose 

rocks may fall from the face, down the muck-pile and onto the loader. 

 

Rock falls can also occur during the loading of trucks, in this case falling off 

the truck body or from the loader bucket.  If an operator is required to leave 

the cab of the truck while loading, he or she should do so before loading 

starts and only return when the truck is full.  The operator and any other 

person in the vicinity of a truck should always be aware of the possibility of 

rocks falling from its back, especially on a steep ramp road or a bumpy road 

at speed. 

 

An added risk, especially at sand and gravel mines or where the bench floor is 

uneven or sloping (maybe due to the nature of the ore-waste contact), is the 

danger of loaders toppling over if not on secure ground or operating on a 

reasonably level and strong footing.  It is essential to ensure that they are 

positioned sufficiently far away from the bench edge so that they are not liable to 

topple into workings.  When loading the edge of a blast block, a loader is 

often near the bench edge and, as with drilling, an unstable bench crest 

could cause the machine to topple over the bench. 

 

On large strip mines, a dragline loader is placed on blasted waste material, 

often close to the bench edge to maximize reach.  Again, potentially unstable 

conditions need to be recognized and minimum edge clearances or free-

board applied for the particular combination of circumstances where the 

machine is working. 
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Where uneven floors occur, extra care needs to be taken with wheel loaders 

(LHDs) since they can become unstable when the bucket is fully loaded and  

hoisted and the vehicle is simultaneously attempting a sharp turn. 

 

There is the danger of drowning at sand and gravel pits and suitable precautions 

must be taken in the form of training and provision and use of rescue 

equipment. 

 

5.3.3 Hydraulic and dredge mining 

 

Associated with mining clay or other fine unconsolidated materials (for 

instance old gold slimes), is the danger of using large quantities of water at 

pressure.  Persons at risk are the operators and others who might move in 

front of the water monitors. 

 

The risk of injuries can be greatly reduced by limiting access to the area to 

only those necessary for controlling the operations, and implementing a 

system of work such that the pumping and water supply is isolated when 

persons are carrying out maintenance or extending the system. 

 

Face stability is also important, the aim again being to maintain a safe face 

slope angle to prevent large material failures.  Where lagoons are used in 

conjunction with dredge mining of mineral sands, for instance, there are 

particular hazards associated with collapse of lagoon walls and drowning.   

 

Those most at risk will be plant operators although catastrophic failure of a 

lagoon wall could lead to serious damage outside the boundary of the mine.  

Preventative measures to reduce the risk of accidents include lagoon 

working which does not undermine the stability of equipment or the stability 

or over-flooding of lagoon walls; provision of suitable and adequate fencing 

around the water-laden area; the provision of suitable buoyancy aids for 

persons working on the lagoons; and proper design, planning and building of 

waste tips. 

 

Lagoon walls and tips must be examined regularly by competent persons to 

establish that there is no danger of failure which could lead to a slide or 

collapse. 
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5.3.4 Dimension stone quarries  

 

Dimension stone quarrying produces blocks of ornamental stone for 

subsequent sawing.  These blocks are often very large and can weigh over 

10 tonnes.  The main hazard arises from primary block extraction.  Most 

accidents are associated with the specific operations required to separate 

the primary blocks from the rock ledge, toppling, subdividing the blocks at 

the quarry and movement of materials and equipment. 

 

Initial separation and subdivision into blocks can be carried out using 

automatic drills, flame cutters or wire sawing with diamond or helicoidal wire, 

depending on the nature of the stone to be extracted and the operational 

choices made.  The current trend is towards greater use of equipment with 

wires moving at high speed, to allow greater square meterage to be cut per 

unit of time.  In primary block extraction, trained workers must wash the 

block if necessary and check it for stability and flaws, depending on how it is 

to be cut. The shape of the block to be separated must be properly outlined. 

 

When wire saws are used, the wire must be arranged in the most suitable 

manner in order to safeguard workers near the sawing operation.  The 

greatest risk to workers from diamond wire cutting arises from high-velocity 

projection of the beads.  Safeguards must therefore be provided for the 

cutting operation and the quarry in general.  When cutting is performed with 

a diamond wire saw, the tracks must be placed on well-levelled ground.  

Wear of the flywheel tread must always be checked so that no work has to 

be done once cutting has started. 

 

Blocks that have been separated from the rock ledge may be toppled by 

means of inflatable bags, hydraulic jacks, hauling with ropes using a winch or 

bucket loader, direct pushing with a loader or tilting with an excavator. 

 

The main risk is that the workers involved may be crushed if the operation 

miscarries because the bearing surface is unstable or the block or traction 

equipment fails.  Flying fragments may result from plant operation or the 

impact of the block striking the ground.  The purpose of handling blocks in the 

quarry is to position them for subdivision and squaring, to store them in suitably 

prepared areas and to load the trucks for transport to the processing mill.  The 

material is moved with derricks or bucket loaders which must be maintained 

regularly to keep them in good working order. 
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5.4 Crushing, Mill ing and Screening 

 

The hazards associated with crushing and screening are discussed in Chapter 9 of 

this book.  It will be cautioned in this section however, that the main hazards are due 

to falling rock, dust and noise.  They are normally designated as “hard hat”, “hearing 

protection device” and “respirator” areas.  Chapter 12 discusses the PPE required 

against each of these hazards.  Dust and noise have been discussed in section 

5.3.1 of this chapter. 

 

5.5 Outcomes 

 

After reading this chapter, you should have a clear understanding of the safety and 

health risks associated with various operations on surface mines.  You should be 

equipped with the knowledge of how best to ensure that these hazards are reduced 

in all activities that you undertake on surface mines.   
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Http://www.msha.gov/training/surfhaul/.  Last accessed Oct 2005. 
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CHAPTER 6 

 

6 UNDERWATER MINING AND OFFSHORE INSTALLATIONS 

 

OBJECTIVE 

 

Working underwater carries inherent risks and hazards which vary greatly from one working 

environment to another.  This chapter deals specifically with the safety aspects of 

underwater mining and the safety challenges most likely to be encountered during such 

operations.  You will also be informed of safe procedures and practices required for such 

installations and operations.  A general note is given on diving and the reader is cautioned 

to be familiar with the requirements of the Mine Health and Safety Act 1996, (Act No. 29 of 

1996) and its regulations.  The chapter excludes offshore mining operations. 

 

Chapter Author: Phil Church 

 

Phil Church qualified as a commercial diver in 1985 and became a commercial diving 

supervisor in 1988.  A career diver from the outset, he started his own diving company and 

dive school in 1986 and has undertaken a variety of underwater challenges in his twenty 

years of commercial diving.  His love of the underwater is not limited to commercial 

ventures as sport instruction has played a large role in his spare time and he represented 

Eastern Province in spear fishing in 1983 and 1985.  Marine diamond mining has, however, 

been the mainstay of his business for the past fourteen years. 

 

Chapter Reviewers 

 

Ant Hay Buchannan is the Managing Director and owner of Undersea Diamond Mining. 

 

R Pearce is a SHEQ officer (F A Platform) at PetroSA, Div Exploration and Production 

 

AA Coutinho is an electrical engineer in the Special Unit of the Department of Minerals 

and Energy.
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GLOSSARY 

 

CoP: Code of Practice 

Diver: Any person registered as a diver in accordance with the provisions of Act 22 of 1941  

and includes a learner diver and a diving instructor 

Certifying Authority:   Any person or committee, society or any other body of persons 

approved by the Chief Inspector to carry out surveys and assessments under chapter 32 of 

the Minerals Act (Act 51 of 1991), to certify offshore installations as fit for the purposes 

intended. 

Certificate of fitness:   A certificate granted by an approved Certifying Authority endorsing 

the fitness of an offshore installation for its use in accordance with chapter 31 of the 

Minerals Act (Act 51 of 1991). 



 

 

81 

6.1 Introduction 

 

Underwater mining is a relatively new profession and much of the equipment used 

and methods employed have been developed by trial and error.  Like all mining 

operations, it is governed by the Mine Health and Safety Act 1996, (Act No. 29 of 

1996) (chapter 12, of its Regulations).  Allied to underwater mining operations are 

offshore installations which are governed by chapter 19 of the same Regulations.   

 

From a rather crude modus operandi of spading gravel into buckets, the mining 

methods quickly developed into a fairly sophisticated system of pumping the 

material to the surface for further processing.  The system employed today is very 

efficient and large quantities of ore can be mined in a short time, but there are risks 

attached.  The strong suction required to clean the bedrock is in itself hazardous to 

divers and the undermining of reef overhangs and large boulders presents a 

significant risk of rock falls.  All accidents can be avoided by employing safe working 

practices and ensuring that all equipment used is in good working condition. 

 

The new diving regulations require that a Code of Practice (CoP) is drafted by each 

diving operation and such a CoP must define the risks identified and describe 

methods of eliminating or reducing such risks.  The instrument by which this is done 

is the risk assessment.  A risk assessment must be performed for each and every 

hazard identified.  Not all operations are identical; some operators, for example, 

may use tractors and sleds to pull boulders away from a work face, whilst others 

may employ lift bags to do the same job.  It is therefore important that a thorough 

analysis of all site-specific hazards is performed before actual mining begins.  They 

however have one thing in common, and that is “diving”.   

 

6.2 Diving in General  

 

For the purposes of this chapter, diving must be understood to mean going under 

water for the purpose of searching for or winning a mineral, including any work 

necessary for this purpose.  Specially trained divers are required to do the work.   

 

6.2.1 Do’s and don’ts of  safe diving  

 

The following points are intended to assist divers to undertake safe dives: 

 Maintain a good mental and physical fitness and avoid being under the 

influence of alcohol or drugs when diving.  Maintain diving proficiency 

through continuous education and training, reviewing your skills under 

controlled conditions after a period of not diving. 
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 Be familiar with your dive site and only undertake dives for which you are 

trained. 

 Use complete and well maintained equipment with which you are familiar, 

and inspect it for correct function and fit before each dive. 

 Never lend your equipment to uncertified divers. 

 Always have a buoyancy control device and submersible pressure gauge 

when scuba diving. 

 Recognize the need for an alternative air source and a low pressure 

buoyancy control inflation system. 

 Listen carefully to dive briefings and directions and respect the advice of 

your dive supervisors. 

 Adhere to the buddy system throughout every dive.  Plan dives, including 

communication, procedures for reuniting in case of separation and 

emergency situations with your buddy. 

 Be proficient in dive table use. 

 Have a means to monitor depth under water. 

 Limit your dive to your level of training and experience.  Be a SAFE diver 

(Slowly Ascend From Every dive). 

 Make a safe stop as an added precaution, usually at 5 m, for 3 minutes 

or longer. 

 Maintain proper buoyancy.  Adjust weighting at the surface for neutral 

buoyancy with no air in your buoyancy control device.  Maintain neutral 

buoyancy while under water. 

 Be buoyant for surface swimming and resting.  Have weights clear for 

easy removal, and establish buoyancy when in distress while diving. 

 Breathe properly for diving.  Never breath-hold or skip-breathe when 

breathing compressed air.  Avoid overexertion while under water. 

 Know and obey local dive laws and regulations, including fish and game 

and dive flag laws. 

 

(The above points are based on the information obtained from 

www.padi.com website, under the topic: “Standard Safe Diving Practices 

Statement of Understanding”). 

 

It is very important that every diver understands the purpose of these 

established practices as life can depend on them when under water. 

 

6.2.2 Diving equipment 

 

Figure 6.1 shows some of the basic diving equipment and controls. 

 

http://www.padi.com/
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(This picture is from the www.answers.com website) 

FIGURE 6.1 - BASIC DIVING EQUIPMENT 

 

6.2.3 Warning and hand signals 

 

Warning signals must always conform to the International Code of Signals.  

Hand signals are an important means of communication underwater, even if 

other electronic means might be available and in use.  For safety purposes, it 

is advised that common hand signals are recognized by all divers, in case a 

diver who has not got a communication device other than his or her hands 

has an urgent message to communicate, such as, “I am out of air”.  The 

following are the most common hand signals: 

 

(These signals are based on information obtained on the 

www.scuba.about.com website). 

1. Diving mask 

2. Demand valve of the 

diving regulator 

3. Buoyancy 

compensator 

inflation and vent 

valves 

4. Alternate buoyancy 

compensator vent 

valve. 

5. Quick release 

shoulder straps 

6. Depth gauge. 

7. Contents gauge 

showing remaining 

pressure in the air 

cylinder 

http://www.answers.com/main/Record2?a=NR&url=http%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FImage%3ATypical+diver+charted.jpg
http://www.answers.com/
http://www.scuba.about.com/
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Message Signal 

Ok. Raise your right hand to shoulder height. With an open palm, 

make a circle with your thumb and forefinger. 

Going Down. Raise your right hand to shoulder height.  Make a fist and extend 

your thumb downwards. 

Going up. Raise your right hand to shoulder height with palm towards your 

body.  Make a fist and extend your thumb upwards. 

Go that way. Raise your right hand to shoulder height with palm towards your 

body.  Make a fist and extend you’re your forefinger in the direction 

that you wish to go. 

Which way? If you do not know which way to go, raise one hand to shoulder 

height, make a fist, extend your thumb, and swivel your hand back 

and forth to indicate your confusion about the intended direction. 

Stay there. Raise your right hand to shoulder height, palm forward and fingers 

extended, like a traffic policeman signalling you to stop. 

Come here. Raise your right hand to shoulder height, palm toward your body 

and fingers extended.  Beckon slightly. 

Under. Over. 

Around 

With your hand palm down, indicate your intended route to go 

around an underwater object or formation. 

You lead, I 

will follow. 

With one hand out to the side and the other in front of your chest, 

point in the same direction with both forefingers. 

Get closer to 

your 

colleague. 

Make fists with both of your hands, extend your forefingers, and 

bring them next to each other (parallel and pointing away from 

you) in front of your chest. 

Slow down Extend your hand in front of you, palm down, and make a low 

motion with it. 

Hold hands Clasp your hands together in front of your chest. 

Level off at 

this depth. 

Raise your right hand to chest level, palm down and fingers 

extended. 

Watch me. Point to your chest. 

Look at that. Point to your goggles with your index and middle fingers, and then 

to the object. 

Something is 

wrong. 

Raise your right hand to shoulder height, with palm down.  Splay 

your fingers wide and move your hand up and down. 

Danger! Raise your arm straight out, to the side, to or just above shoulder 

level and make a fist, as if you are going to pound on an invisible 

table. 

Low on air. Bring your hand close beside your regulator and point to it. 

Out of air. Bring your right hand to your throat and make a horizontal throat 

cutting motion. 

Buddy 

breathing 

needed. 

Raise your right hand to collarbone height, palm towards your 

body, and point to your regulator or take your regulator out of your 

mouth and point to your mouth. 

How much air To ask, point to your instrument console. To answer, look at your 
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do you have? air gauge and raise one finger for every thousand pounds you 

have left. 

Help! This is a surface signal, if close enough to surface.  Raise one 

hand high above your head to alert the boat crew that you need 

immediate assistance. 

I am cold. Cross your hands in front of your chest, grabbing your upper arms 

with opposite hands to indicate a chill. 

Cannot clear 

ears. 

Point to your ear with one forefinger. 

 

6.2.4 Compression chambers 

 

A compression chamber is a compartment in which atmospheric pressure 

can be gradually raised or lowered, used in readjusting divers or underwater 

workers to normal atmospheric pressure or in treating decompression 

sickness.  There are two types of decompression chambers: 

 Master compression chamber and; 

 Portable compression chamber. 

 

Master compression chamber 

A master compression chamber is designed to the requirements of 

Regulation 30.10 of the Minerals Act, and acts as a “base station” in 

comparison to a portable compression chamber.  It is designed to withstand 

a pressure equivalent to that exerted by a 52 m head of water.  It comprises 

a main chamber, a fore chamber, a medical hatch and an externally mounted 

control panel.  Regulations 30.13, 30.14, 30.15 and 30.16 of the Minerals Act 

refer. 

 

Portable compression chamber 

A portable compression chamber is designed to the requirements of 

Regulation 30.17 of the Minerals Act.  An underwater mining operation 

working at depths of 20 m or more is required by law to have a portable 

compression chamber.  It is designed to withstand a pressure equivalent to 

that exerted by a 30 m head of water.  It is a single compartment with room 

enough for one patient lying horizontally, and must be such that the patient 

can be transferred to a master compression chamber without loss of 

pressure.   
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6.2.5 Decompression tables 

 

Decompression tables provide information on the number of decompression 

stops and the duration of each stop dependent on the depth of the dive and 

the breathing gas type.  The tables need to be approved by the Chief 

Inspector of mines.  It is the responsibility of the diving supervisor to 

determine the applicable decompression times for each dive and to ensure 

that the times are consistent with the requirements of the decompression 

tables. 

 

 

 

FIGURE 6.2 - LARGE BOULDERS AND OVERHANGING REEFS CAN PRESENT 

A SIGNIFICANT HAZARD TO A DIVER 

 

6.3 Offshore Installations 

 

Offshore installations are structures supported on the sea bed or a vessel used at 

sea in connection with the prospecting for or the mining of natural oil or gas and on 

which persons are normally present.  The following are some of the important 

features of offshore installations: 

 Must have a valid certificate of fitness. 
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 May not be moved from one site to another only after a report from a competent 

person has stated the environmental conditions of the new site, and the owner 

has reasonable grounds to believe that the installation will be able to withstand 

the conditions at the new site. 

 There shall be an offshore installation manager appointed by the manager to be 

responsible for the safety of the offshore installation and the safety, health and 

welfare of all persons on or working from that installation. 

 The offshore installation shall be maintained in a seaworthy condition at all 

times. 

 IF accommodation is provided, it should be remote of the installation.  However 

if it is a part of the installation, it must have sufficient protection against 

explosions, noise and vibrations and must conform to ergonomic requirements in 

terms of size, space, illumination and ventilation to so as to provide reasonable 

comfort to its residents. 

 There must be a survival craft (life craft) of an acceptable design, big enough to 

accommodate twice the number of persons on the offshore installation. 

 Fire-fighting equipment on the offshore installation shall be approved by the 

Chief Inspector. 

 An offshore installation shall be equipped with a public address system that can 

be heard clearly by all persons on the installation, who are in areas of the 

installation where oral communication is possible. 

 

6.4 Mining Hazards 

 

6.4.1 Rock falls 

 

The most common type of rock fall occurs when an overhanging reef is 

undermined thereby removing the supporting material that keeps it in place.  

Without this material the reef cannot support its own mass and breaks along 

a weak seam.  If a diver is under the falling reef the consequences can be 

fatal.  Experienced divers know that the diamondiferous gravel found under 

well-eroded reef is often highly mineralized and so they tend to try and 

recover as much of it as possible.  It is often impossible to know if or when a 

reef will fall so every situation should be approached as if it will do so and 

appropriate preventative measures taken.  Sometimes the reef is in fact solid 

and does not have a weak seam but it must be stressed that this is 

impossible to pre-determine and at no time should short cuts be taken.  

Training in rock mechanics may increase awareness of this particular 

problem but will not eliminate the danger completely.  
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To prevent the reef from falling, an excavated area must be supported by 

jacks, stands or even large stones, provided the latter can be used 

effectively.  It is essential that the overhanging reef be supported before it 

poses a risk.  The following figures demonstrate a typical scenario.  

 

 

FIGURE 6.3 - CROSS-SECTION OF A TYPICAL OVERHANG WITH SUPPORTING 

MATERIAL IN PLACE 

 

 

 

FIGURE 6.4 - ONCE THE SUPPORTING MATERIAL HAS BEEN REMOVED THE 

OVERHANG IS IN DANGER OF FALLING 

 

water 
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FIGURE 6.5 - IT IS ADVISABLE TO SUPPORT OVERHANGS WITH JACKS OR 

STANDS 

 

 

 

FIGURE 6.6 - STONES CAN BE USED IF SUITABLE SUPPORT CAN BE 

ACHIEVED 

 

Boulders and large stones are more predictable as, at some stage, they will 

fall or roll.  This need not be hazardous as long as the movement is 

controlled.  The most effective method of controlling boulder movement is to 

guide the direction that it moves in by clearing a suitable landing area for it to 

roll into without covering unmined material.  It is normal practice to have a 

cleared area between the unmined ore and the pile of mined overburden 

situated behind the workings.  This cleared area, or “roadway” as it is 

commonly termed, serves the dual purpose of ensuring that the bedrock has 

been cleaned and allowing for a suitable landing area for boulders to roll on 

to safely. 

 

 

water 
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FIGURE 6.7 - CLEARING A “ROADWAY” ENSURES THAT THE BEDROCK IS 

CLEANED AND PROVIDES A SAFE LANDING AREA FOR LARGE BOULDERS 

 

6.4.2 Dangers associated with suction p ipes 

 

In order for large quantities of gravel together with larger medium overburden 

to move effectively, a strong suction is required.  By far the most common 

system used is the centrifugal gravel pump developed by local 

manufacturers specifically for this application.  During normal use this 

equipment is quite safe, but certain circumstances can lead to a dangerous 

situation.  A typical situation can occur when the system loses suction.  The 

diver may follow the suction pipe back to try and find the cause only to 

encounter an open free-flowing pipe – the result of a coupling coming 

undone in the water.  This is usually caused by swell action moving the pipe 

on the sea floor.  If a diver is sucked into the free-flowing pipe with no stone 

guard or clutch the resulting injury could be severe.  The best way to prevent 

this is to ensure that the coupling cannot come undone by tying the handles 

closed as illustrated in Figure 6.8.  In any situation there is no substitute for 

extreme caution by the diver. 
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FIGURE 6.8 - A TYPICAL SUCTION NOZZLE SHOWING THE STONE GUARD IN FRONT AND 

BLOCKAGE RELEASE CLUTCH 

 

6.4.3 Pipe handling accidents 

 

Suction pipes floating on top of the sea are very vulnerable to surface 

conditions such as wind and waves.  A strong wind will push a pipe from its 

intended course and a breaking wave will carry it with a speed and force 

equivalent to that of the wave.  A person caught in the path of such a moving 

pipe could be injured.  This situation can easily be avoided by using the 

anchor system to pull the pipe out to sea (Figures 6.9, 6.10 and 6.11). 
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FIGURE 6.9 - LOOSE PIPES IN THE SURF ZONE CAN CAUSE AN INJURY 

 

 

 

FIGURE 6.10 - A DIVER ABOUT TO PLACE THE ANCHOR IN STRONG SURF CONDITIONS 
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A strong rope, normally a floating nylon rope with a circumference of not less 

than 30 mm is attached behind the first coupling - that is, the coupling that 

joins the flexible pipe to the first length of suction pipe.  The rope is then 

placed through a snatch block attached to a small Bruce or similar anchor.  

The anchor is manually secured about 20 m beyond the intended work site 

and the end of the rope brought back to shore.  The shore crew can then pull 

the pipe out to sea and as long as the tension is maintained on the rope, 

breaking waves cannot whip the pipe around and cause an injury. 

 

6.4.4 De-clutching or back f lushing 

 

When the nozzle becomes obstructed by "nozzle-blockers", the suction can 

become so great that it is not possible for the diver to open the 'clutch'.  This 

situation requires the diver to signal the surface tender to momentarily stop 

the pump, allowing the water to reverse flow out of the nozzle and blow the 

obstructions away.  When the pump is re-engaged the suction is re-

established. 

 

This procedure is the most common one in underwater mining, and is the 

most dangerous action unless strictly controlled.  If the nozzle is not firmly 

held while de-clutching the back-flush will propel the pipe backwards several 

metres, and on re-engaging the suction the pipe will jump forwards (again 

several metres), hammering into and latching onto anything in front of it.  

This has resulted in many accidents, and at least one fatality. 

 

The pump should never be de-clutched unless called for by the diver, except 

when it is suspected that the diver is trapped in the nozzle.  This will be 

indicated by the diver not responding to line-signals and reduced water flow 

out of the classifier.  In this event the appropriate diver rescue must be 

followed. 

 

It must be emphasized that underwater mining requires constant attention 

and high levels of awareness from both divers and surface crew 
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FIGURE 6.11 - SECURING THE SUCTION PIPE WITH AN ANCHOR AFFORDS CONTROL 

DURING THE PLACING PROCESS AND HELPS TO KEEP THE PIPE IN PLACE WHILST 

WORKING 

 

6.4.5 Lifting gear 

 

Lifting gear, usually in the form of lift bags, is often employed to lift and move 

large boulders to enable divers to clean out the gravel trapped beneath 

them.  The biggest problem with lift bags is that they are very difficult to 

control on ascent.  As they ascend they become increasingly buoyant and, in 

deep water, can rise at a very dangerous rate.  If a diver is in any way 

attached to the rising bag, for example by his airline snaring the bag, then 

injury from barotrauma is quite possible.  Comprehensive training in the use 

of lifting gear by the dive team as well as the surface crew is essential before 

it can be used safely.  

 

Another danger associated with lift bags is that the object being lifted can 

come loose from the sling and fall, possibly on to the diver.  This often 

happens as the lift bag reaches the surface and suddenly stops causing the 

load to bounce in the sling.  As the tension on the load is momentarily 

released, the sling can move and lose hold of the load.  A common method 

of avoiding this is to use a cargo net which does not rely on tension to 

Beach Beach 
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maintain a hold on the load.  Drilling into a boulder and securing eye bolts as 

lifting points will also help but this is a difficult and time-consuming process.  

 

The use of explosive bolt guns (e.g. Cox & Hilti guns) is becoming more 

common, and while these make securing rock-fasteners much quicker and 

more secure, they also require specific training in their use and associated 

dangers 

 

 

 

FIGURE 6.12 - A LIFT BAG WITH CARGO NET IS A SAFE WAY OF MOVING ROUNDED 

STONES AND BOULDERS 

 

6.4.6 Blasting 

 

Rock-breaking by use of "shot-gun " cartridges has recently become 

practicable, and as the equipment and training are relatively cheap we can 

expect it's use to spread rapidly.  As with any explosives, strict controls must 

be applied in the use of this equipment, and only suitably qualified divers 

should be permitted to use it. 
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6.4.7 Other types of injuries 

 

By far the most common type of underwater mining injury is pressure 

wounds to hands and fingers.  As the diver is required to move large 

quantities of rocks by hand, it is inevitable that a finger will get banged in the 

process, usually resulting in a bruise, sprain or even the loss of a finger nail.  

Apart from working carefully, the best prevention of such injuries is to wear 

protective gloves.  The better padded the hand, the less the likelihood of 

injury and although thick gloves reduce dexterity, the long term benefits 

outweigh the inconvenience. 

 

In addition to impact injuries, gloves provide protection from the cold.  

Persistent exposure to cold can cause reduced muscular co-ordination and 

function of the hands which in turn make the hands inefficient in performing 

even simple tasks.  Neoprene gloves provide excellent protection against the 

cold but are not very durable and soon wear through with use.  To prolong 

the working life of neoprene gloves, plastic or PVC gloves should be worn 

over them.  This has the added benefit of increasing protection to the hands. 

 

 

 

FIGURE 6.13 - GOOD HAND PROTECTION WILL REDUCE HAND INJURIES 

 

Working under water can be a hazardous occupation.  The risks associated 

with strong suction pipes, possible rock falls, potentially dangerous lifting 
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gear and adverse sea conditions, make it clear that special attention to 

safety and thorough training are essential.  A situation under water can be 

very unforgiving and, coupled with being an out-of-air situation, it can 

become fatal in a matter of seconds. 

 

With the correct implementation of a CoP coupled with site-specific risk 

assessments, the hazards experienced whilst mining under water can be 

effectively managed.  

 

6.5 Outcomes 

 

After reading this chapter, you should have an informed understanding of the 

primary dangers of underwater mining and offshore installations.  These include 

rock falls, dangers associated with suction pipes, pipe handling accidents and 

dangers associated with lifting gear, as well as various injuries that can be sustained 

by not having the correct protective gear for hands.  You should also have an 

understanding of ways to avoid these hazards, including support of excavations, 

correct pipe handling methods, and the use of correct lifting gear and proper 

protective equipment.  You should also be aware of the necessity of CoPs for diving 

operations.  

 

6.6 Further Reading 

 

Republic of South Africa:  Mine Health and Safety Act 1996, (Act No. 29 of 1996), 

chapters 12 and 19 of the Regulations. 

 

Republic of South Africa:  Regulations of the Minerals Act (Act 50 of 1991), chapters 

30 and 31. 

 

 www.Flagspot.net/xf-ics.html  International Code of Signals 

 

 http://scuba.about.com:  Underwater Hand Singnals. 

 

 www.answers.com:  Diving Equipment. 

 

 www.padi.com:  Standard Safe Diving Practices Statement of Understanding. 

 

 

http://www.flagspot.net/xf-ics.html
http://scuba.about.com/
http://www.answers.com/
http://www.padi.com/
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CHAPTER 7 

 

7 EXPLOSIVES 

 

OBJECTIVE 

 

This chapter provides the reader with an understanding of the dangers associated with 

explosives and how these can be minimized through correct storage and handling.  It 

covers the details of storing explosives in surface and underground magazines, explaining 

the particular dangers and precautions associated with each.  It then discusses methods for 

the safe handling and use of explosives.  It covers particular aspects of the use of 

explosives in surface and underground hard rock and coal mines.  It discusses the 

preparation of blast holes and mentions the dangers of flammable gas in the vicinity of 

explosives.  Finally, it stipulates the methods of identifying and destroying expired 

explosives.  

 

Chapter Author: CW Brown 

 

Clive Brown holds the degree of BSc(Eng)(Mining).  He is a Professional Engineer and a 

member of the International Society of Explosives Engineers.  He has 18 years of 

experience in the mining and explosives industries, gained in South Africa and Tanzania, 

including 13 years with an explosive supplier in both technical and management positions.  

He has worked on gold and coal mines in production and project environments.  He is 

currently a Principal Engineer with Turgis Consulting. 

 

Chapter Reviewers 

 

C Cunningham is a consulting mining engineer at African Explosives Limited. 

 

W Welding is a mining engineer in the Specialist Unit of the department of Minerals and 

Energy. 
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GLOSSARY 

 

DME: Department of Minerals and Energy 

AN: Ammonium nitrate 

ANFO: Ammonium nitrate fuel oil 
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7.1 Introduction 

 

This chapter explores the potential hazards associated with using commercial 

explosives in mines and provides guidelines for their safe storage, handling and 

use. 

 

Explosives, by design, are highly energetic substances.  It is their ability to release, 

violently, vast quantities of energy that enables them to be used to break rock in 

mining operations.  This rapid release of energy, when triggered at the wrong time, 

can be an extreme hazard.  In all dealings with explosives it is important to 

remember what they are used for and what the likely dangers associated with them 

are. 

 

Commercial explosives are specifically designed for use in mining and 

manufacturers go to great lengths to make these products safe for routine use.  

When stored, handled and used correctly, and according to the manufacturer’s 

instructions, commercial explosives are safe tools.  

 

The Minerals Act Regulations (now incorporated in the Mine Health and Safety Act) 

and the Explosives Act state clearly who may handle explosives and prohibit people 

who have not had the relevant training from handling them.  If you become aware of 

a dangerous situation regarding explosives, you must immediately bring it to the 

attention of the nearest mine official or holder of a blasting certificate.  

 

This chapter does not attempt to replace the legal requirements of the relevant 

statutory documents, but rather attempts to assist the reader in understanding the 

dangers associated with not complying with the relevant regulations. 

 

7.2 Dangers Associated with Explosives  

 

The main dangers of working with explosives are discussed below. 

 

7.2.1 Accidental detonation 

 

A typical explosive charge used in mining comprises a number of parts which 

are likely to include: 

 A fuse and detonator, usually combined into a single unit . 

 A primer charge. 

 A column charge. 
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Typical components are shown in Figures 7.1, 7.2 and 7.3. 

 

 

 

 

FIGURE 7.1 - EXAMPLES OF FUSE AND DETONATOR ASSEMBLIES 

(capped fuse and shock tube assembly) 

 

 

 

FIGURE 7.2 - EXAMPLES OF PRIMER CHARGES (PENTOLITE BOOSTERS) 
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FIGURE 7.3 - EXAMPLES OF COLUMN CHARGES (ANFO AND PACKAGED EMULSION 

EXPLOSIVE) 

 

The detonation of an explosive charge in a blast hole is the last of a chain of 

events from initiation.  In order to start the detonation sequence, a sensitive 

incendiary substance is required.  This could be in the connector of a capped 

fuse, or igniter cord, or a fusehead of an electric detonator.  As the initiation 

chain progresses the ignition switches between incendiary and detonation 

mode until the primer detonator is initiated, leading to initiation of the 

relatively insensitive bulk explosive which does the required blasting work. 

 

The initiation components (detonators, connectors, igniter cord, fuseheads) 

are prone to accidental initiation from impact or heat, and are highly 

energetic, so they need to be treated with special care and kept separate 

from blasting explosives until blasting takes place. 
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FIGURE 7.4 - GRAPHICAL REPRESENTATION OF THE DETONATION SEQUENCE 

 

There is more danger of accidental initiation of the more sensitive products 

such as detonators and fuses, but because they consist of only small 

volumes of explosive products, the detonation is less likely to be disastrous 

than an accidental detonation of a volume of column charge explosives.  This 

argument does not hold for storage facilities where large quantities of 

detonators are stored together. 

 

Explosive compounds can be caused to detonate by heat or shock, or by a 

combination of these.  In assessing the hazards of storing, handling and 

using explosives, potential sources of heat and shock must be identified and 

eliminated. 

 

Typically, the sources of heat and shock that may lead to accidental 

detonations and therefore should be avoided are: 

 Fire, which causes heat. 

 Friction (rough handling), causing heat or shock. 

 Impact (collision of vehicles, dropping down a shaft, etc.), which causes 

shock. 
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7.2.2 Blasting fumes 

 

When explosives detonate, the explosive products are converted into gases, 

mainly nitrogen, steam and carbon dioxide.  While these are not poisonous, 

they can result in asphyxiation since they dilute the oxygen in the air.  In 

addition, nitrous fumes and carbon monoxide, which are poisonous, are 

produced.  Immediately after a blast these gases are at their highest 

concentrations and can be a hazard.  Procedures must be in place and be 

followed to prevent anyone from becoming exposed to dangerously high 

concentrations of blasting gases. 

 

The detonation of an explosive charge, for the purpose of breaking rock, 

causes large quantities of dust to be suspended in the air.  Care must always 

be taken that this dust settles after a blast before anyone is exposed to the 

atmosphere. 

 

 

FIGURE 7.5 - NOXIOUS GASES RESULTING FROM THE DETONATION OF EXPLOSIVES 

 

7.3 Storage of Explosives 

 

The security and control of explosives is an important issue due to the severe 

consequences of either an accidental explosion or the illegal use of explosives, 

should they fall into the hands of unauthorized persons.  If it comes to your attention 

that explosives are in the possession of someone who is not authorised to have or 

handle them, or if they are found lying anywhere except in the appropriate storage 

Allow sufficient 

time for gas to 

dissipate before 

allowing entry into 

a working area 
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facility, this must be reported to the nearest mine official or blasting certificate holder 

as soon as possible. 

 

Due to the potential severity of an illegal or accidental detonation, procedures must 

be in place to identify clearly the responsible person in charge of explosives at all 

times and to record all dealings with explosives. 

 

Explosive items must, at all times, be under the control of a responsible person who 

is suitably qualified.  This may take the form of a magazine master (required by the 

Explosives Act of 2003), or a blaster (required by the Mine Health and Safety Act 

1996, (Act No. 29 of 1996). 

 

7.4 Surface Magazines 

 

7.4.1 Licensed explosive magazines  

 

The Explosives Act is clear in its requirements about the suitable storage 

arrangements for explosives in surface explosive magazines. 

 

In order to be licensed by the Chief Inspector of Explosives, a magazine’s 

design and construction has to be approved by the relevant authorities.  The 

requirements for licensing focus mainly on protecting the magazine against: 

 

 Access to explosives by unauthorized persons 

 Fire and/or lightning, which may lead to accidental explosions 

 

The position of the magazine is strictly controlled to minimize the effects of 

an accidental explosion by positioning the magazine in a safe, remote place. 

 

7.4.2 Access to explosive magazines  

 

The Explosives Act states clearly that only a qualified magazine master may 

be in charge of an explosive magazine and that access to this facility can 

only take place under his direct supervision.  This requirement is in place to 

prevent unauthorized persons gaining access to explosive magazines and 

the hazardous materials that they contain. 

 

To improve security of explosive products and to avoid accidents due to poor 

visibility, access to explosive magazines is only permitted, by law, during 
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daylight hours.  Any entry into a magazine outside of daylight hours should 

be reported to a mine official immediately.  

 

7.4.3 Product grouping for storage purposes 

 

Commercial explosive products are categorized into three groups that may 

not be stored together in magazines.  Each group of products must be stored 

in its own magazine and only in the quantities stated on the magazine 

license.  The magazine license must be displayed in the magazine.   

 

The following items may be stored together in a surface magazine: 

 Initiating systems: 

 Detonators (electric and non-electric). 

 Igniter cord. 

 Safety fuses and capped fuses. 

 High explosives: 

 Cartridged explosives. 

 Detonating cord. 

 Anfo (ammonium nitrate fuel oil). 

 Blasting agents: 

 Ammonium nitrate. 

 

The reason for grouping explosive products in this way is to reduce the risk 

of a major accidental explosion.  The more sensitive products (the initiating 

products) may only be stored in relatively small quantities and far enough 

away from the larger quantities of blasting agents and high explosives so 

that an accidental detonation of the initiating products will not cause the 

other two groups (high explosives and blasting agents) to explode.  If you 

see explosives stored incorrectly, then bring it to the attention of a mine 

official or blasting ticket holder immediately. 

 

7.4.4 Record of stock in explosives magazines  

 

A record of the stock in a magazine, including the date that the product was 

delivered to the magazine, is a legal requirement under the Explosives Act.  

This is to allow for proper stock management and to prevent expired 

explosives from being used or kept in the magazine. 

 

A system must be in place that records the movement of every item 

delivered to or removed from every explosives magazine.  The name of the 

person delivering or removing the products must also be recorded.  The law 
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requires that regular stock-takes be conducted and the actual stock 

reconciled with the records.  This allows any discrepancy to be identified and 

brings to the responsible person’s attention any missing stock or any error in 

the stock control that might have been made.  This is important in controlling 

the whereabouts of every item of explosives to prevent the illegal use of 

these products. 

 

Any explosives that are found to be stored in an unlicensed magazine, or not 

in a magazine at all, must be reported to a mine official immediately. 

 

In addition to magazines, bulk emulsion facilities make use of silos for storing 

the emulsion matrix that has no explosion hazard, but is converted to 

explosive in the process of delivering it into blastholes.  The matrix is a fire 

hazard (although not easily set alight, its bulk means that if it does burn, the 

fire is big) and needs to be treated with care, especially as it must be clean 

and undamaged in the conversion process  

 

7.4.5 Storage conditions 

 

Conditions in an explosives magazine must be dry and cool to avoid 

degradation of explosive materials.  Moisture and extreme heat can cause 

damage to certain explosive products, which may cause them to become 

either unstable or insensitive (i.e. they will not work effectively).  

Unsatisfactory conditions in any explosives storage facility must be brought 

to the attention of a mine official immediately. 

 

7.4.6 Fire hazards 

 

No smoking materials, open lights, electronic appliances or tools made of 

ferrous metal may be taken into or used in an explosives magazine and 

there must be a system in place to manage this.  This is to prevent 

accidental fire in the vicinity of explosives magazines.  The Explosives Act 

stipulates requirements for the prevention of fires near magazines and any 

potentially dangerous situation must be reported to a mine official 

immediately. 
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7.5 Underground Storage 

 

7.5.1 General description 

 

The Minerals Act Regulations stipulate clearly the quantity of explosives that 

may be stored in the workings of a mine and the conditions under which 

these products must be stored.  This section highlights dangerous situations 

associated with the underground storage of explosives. 

 

7.5.2 Quantities stored 

 

The quantity of explosives that may be stored in either an underground store 

or an explosives box is stipulated in the Regulations of the Minerals Act.  

This quantity is usually related to the expected consumption of that particular 

product in a stipulated time period.  The main reason for this limitation is to 

prevent explosive products getting stale or degrading underground, where 

the storage conditions are not as good as they are in an explosives 

magazine on surface.  Underground conditions are typically hot and humid, 

which can contribute to the degradation of explosive materials.  If explosives 

storage facilities are physically too full, damage may occur to the explosive 

products that can lead to either malfunction at the time of use, or even 

accidental detonation.  If you notice that an explosives store or underground 

explosives box is full beyond its legal or physical limits, bring this situation to 

the immediate attention of a mine official.   

 

7.5.3 Access control  

 

Access to underground explosives storage facilities is controlled for the 

same reasons as access to explosive magazines on surface, as discussed 

above.  The Regulations of the Minerals Act stipulates who may handle 

explosives and who may have access to explosive storage facilities 

underground.  If you are not authorised to handle explosives in the workings 

of a mine, do not enter explosive storage facilities.   
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7.5.4 Reconciliation 

 

The person responsible for an underground store or explosive box is 

required by the Regulations of the Minerals Act to keep a record of every 

delivery to and withdrawal from the storage facility.  This legal requirement is 

in place so that control can be maintained over the whereabouts and use of 

all explosive products.  If it comes to your attention that this is not being 

done, notify a mine official. 

 

7.5.5 Fire, impact, radios and cellular (mobile) telephones  

 

Although the Regulations of the Minerals Act stipulate conditions associated 

with underground storage of explosives which, if conformed with at all times, 

would prevent accidental detonation, specific conditions may arise 

underground that could lead to an accident.   

 

The following conditions, amongst others, may constitute a dangerous 

situation and should be attended to immediately (Figures 7.6, 7.7 and 7.8): 

 Fire risk near to or in explosives stores or explosives boxes. 

 Combustible materials lying near to or in explosives storage areas. 

 Use of ferrous metal tools near or in explosives storage areas. 

 Use of ferrous metal containers for storage of explosives. 

 Smoking or naked flames. 

 

 

FIGURE 7.6 - LIGHTING AN OXY-ACETYLENE TORCH ADJACENT TO EXPLOSIVES 

A deadly action! 
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 Electrical apparatus installed near to explosives storage areas. 

 Electrostatic risk near to or in explosives stores or explosives boxes. 

 Use of radios in explosives stores or near to explosives boxes. 

 Use of cellular phones in explosives stores or near to explosives boxes. 

 Electrical apparatus installed near to explosives storage areas. 

 

 

 

FIGURE 7.7 - USE OF CELLULAR PHONE ADJACENT TO EXPLOSIVES 

 

 Impact risk in the vicinity of explosives storage areas. 

 Explosives storage areas situated in a position where vehicles may collide 

with them. 

 Unsafe rock conditions near or in an explosives storage area. 

 Explosives stored incorrectly where they may come into contact with 

mechanical equipment. 

 

Another deadly action! 
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FIGURE 7.8 - EXPLOSIVES PLACED ADJACENT TO A SCRAPING OPERATION 

 

7.6 Safe Handling of Explosives 

 

7.6.1 Fire 

 

Fire is a major risk when associated with explosives as it can lead to an 

accidental detonation.  Any condition which may bring fire into contact with 

explosive materials must be avoided.  The following issues should be 

considered when handling explosives: 

 Keep open flames and sources of heat away from explosives. 

 Do not smoke while handling explosives. 

 Do not carry out any hot work, such as welding, near explosives. 

 Be aware of other sources of heat (such as faulty electrical installations 

or equipment) in the vicinity of explosives. 

Another deadly 

situation! 
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7.6.2 Vehicles 

 

Only a vehicle approved for the conveying of explosives may transport them 

(Figure 7.9).  To be approved for the transport of explosives, a vehicle needs 

to conform to requirements set by the DME.  These regulations are in place 

to ensure that accidents do not occur due to the incorrect or negligent 

transport of explosives.  Any transport of explosive materials in non-

approved vehicles must be brought to the attention of a mine official 

immediately. 

 

 

 

FIGURE 7.9 - ONLY SPECIALIZED VEHICLES MAY TRANSPORT EXPLOSIVES 

 

7.6.3 Containers 

 

Containers used for transporting explosives, whether still in their original 

packaging or opened, should be approved by the DME.  This requirement is 

in place to prevent accidents occurring due to people transporting or 

handling explosives incorrectly.  Any container approved by the DME for 

transporting explosives will be constructed of non-ferrous, anti-static material 

and be securely lockable.  

 

7.6.4 Rough handling 

 

Explosives must always be handled carefully.  When handling explosives, 

remember that they are sensitive to shock and heat.  This means that a 

sharp impact or continuous friction are extremely dangerous situations and 

must be avoided.  
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7.7 Damaged Explosive Products  

 

Explosives that are found to be damaged should not be used or handled.  These 

products may have been rendered unsafe due to the damage and a representative 

from the explosives supply company should be alerted to the problem immediately. 

 

7.8 Safe Use of Explosives 

 

7.8.1 Electrical circuits  

 

Where electric blasting is used, particular care must be taken to prevent any 

accidental detonation due to the build up of an electrical charge in the firing 

circuit prior to the deliberate firing of the detonator.  Static charges can arise 

in a number of ways. 

 

7.8.2 Preventing static electricity build up  

 

 The ends of the firing cables or wires should always be shorted out 

(connected) before the cable is connected to the detonator. 

 Plastic blast hole liners should not be used when electric detonators are 

inserted into the blast holes. 

 When charging a hole with blow-loaded Anfo, a non-static charging hose 

must be used.  All explosives charging equipment must be properly 

earthed to prevent the build up of static charge. 

 People using electric detonators in dry atmospheres should not wear 

nylon clothes. 

 

7.8.3 Preventing induced electric currents  

 

 The ends of the firing cables or wires should always be shorted out 

(connected) before the cable is connected to the detonator. 

 The electric detonator and the firing cable connecting it to the shot 

exploder must be kept away from all electrical installations or cables. 

 Hand-held or vehicle-mounted radios, cellular telephones, or any other 

electrical communication equipment, should not be used in the vicinity of 

electrical or electronic detonators.  The electromagnetic currents 

generated by these appliances may induce a current in the electrical 

circuit of the detonator sufficient to cause an accidental detonation.  This 



 

 

114 

has occurred when electric detonators were transported in the cab of a 

vehicle and were detonated by the use of the vehicle-mounted radio. 

 

7.8.4 Approved electrical  firing and testing equipment only  

 

Both the Explosives Act and the Minerals Act Regulations state that only 

approved electrical firing and testing apparatus must be used and the 

apparatus must be shown to be safe to use with the products for which it is 

approved.  Use of non-approved equipment or the incorrect combination of 

equipment and detonators could lead to misfires or the premature detonation 

of the charge.  If you are in any doubt about the equipment being used to 

detonate electric detonators, contact a mine official immediately. 

 

7.9 Preparation of Blast Holes  

 

Explosives should only be used for the designated purpose of breaking rock and 

should only be used in a manner approved by the mine manager.  The most 

common use is placing the explosive in a purpose-drilled blast hole and causing it to 

detonate.  Under no circumstances should holes drilled for any other reason ever be 

charged with explosives.  Charging a hole not specifically drilled as a blast hole may 

constitute a hazard due to: 

 Contamination of the hole with chemicals that are not compatible with 

explosives. 

 Contamination of the hole with ferrous metals that may cause a spark or induce 

a stray current during charging operations. 

 The volume of the hole being unknown resulting in the incorrect volume of 

explosives being placed in the hole. 

 

In certain circumstances explosives may be used by placing them directly in contact 

with the rock or obstacle and not in a blast hole.  These are called lay-on charges 

and must only be prepared by people who have been trained in their use and when 

approved by mine management. 

 

Blast holes must be positioned so that drilling into a previously used blast hole 

(socket) or a misfire cannot take place (Figure 7.10).  The detailed procedures for 

achieving this are discussed later under each mining type. 
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FIGURE 7.10 - DRILLING INTO A MISFIRE 

 

7.10 Flammable Gas and Explosives  

 

Under no circumstances must an explosive charge be detonated if there is a 

dangerous concentration of flammable gas in the vicinity.  Where flammable gas 

occurs, the area must be tested for prior to initiating any blast.  Any flammable gas 

must be cleared before blasting operations commence. 

 

Under no circumstances must an explosive charge be detonated if there is a 

dangerous concentration of flammable gas in the vicinity. 

 

7.11 Underground Hard Rock Mines 

 

7.11.1 Blast hole dril l ing 

 

In positioning and drilling blast holes, care must be taken to avoid the 

blast hole intersecting a previously used blast hole.  The hazard 

associated with a blast hole intersecting one from a previous round is 

that the previously drilled hole, or socket, may still contain residue of 

un-detonated explosive materials (see Figure 7.10).  Drilling into 

these un-detonated materials can cause sufficient heat or shock to 

detonate the residue explosives, resulting in an accidental detonation.  

 

Care must also be taken to avoid blast holes intersecting with each 

other in a particular round.  The danger of this is that when one hole 

Hole positions must be 

such that drilling into 

misfires is avoided 
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detonates, it may sympathetically detonate the hole with which it 

intersects, causing the blast to be uncontrolled and potentially 

causing damage to the surrounding area.  The effectiveness of the 

blast will also be negatively affected. 

 

The precautions that must be adhered to in the positioning and 

drilling of blast holes to avoid these situations include: 

 Specified minimum distances between blast holes, sockets and 

misfires. 

 Procedures for cleaning and marking of misfires and sockets. 

 Procedures for cleaning and inspecting the area where a round is 

to de drilled to ensure that all sockets and misfires are identified, 

treated and marked. 

 

Should you observe any activity that you believe could lead to a blast 

hole being drilled in a dangerous position and that may lead to one of 

the hazardous conditions described above, it should be brought to the 

attention of a mine official immediately. 

 

7.11.2 Misfires in hard rock mines 

 

As a misfired hole from a blast will contain un-detonated explosives, 

special procedures for the handling of misfired holes are specified by 

the Minerals Act.  These procedures deal with the methods that may 

be used to extract explosives from a misfired hole.  This is usually 

water and/or a non-ferrous scraper only. 

 

Special procedures apply to the handling of misfired holes in shaft 

sinking operations.  A competent person must supervise the blowing 

over of the shaft bottom once a day and the miner is requested to 

make a sketch of the shaft bottom showing the position of all misfired 

holes after every blast (Minerals Act Regulation 9.38.4 refers). 

 

Failure to identify and mark a misfired hole clearly could result in a 

future blast hole intersecting the misfire, causing an accidental 

detonation. 

 

7.11.3 Acceptable methods for re-firing a misfired hole  

 

Failure to re-fire a misfire properly, if re-firing is appropriate, may lead 

to some of the explosives in the misfired hole not being completely 
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destroyed.  This in turn could lead to a future blast hole being drilled 

into the explosives residue, resulting in an accidental detonation. 

 

7.11.4 Clearance procedures 

 

The holder of a blasting certificate (ganger or miner) conducting 

blasting operations has the legal responsibility to ensure that all 

personnel are cleared to a place of safety prior to blasting (Minerals 

Act - Regulations 8.10.32).  This clearance procedure may take 

different forms in different situations: 

 

In-shift blasting (electric or fuse ignition): 

The miner must be satisfied that all personnel have been removed to 

a place of safety prior to connection of the detonator to the firing 

circuit or lighting a fuse.  Guards must be placed at all possible 

entrances to the area to prevent people entering the danger area 

during blasting operations.  The guards must remain in place and 

prohibit entry to the danger area until the miner in charge has notified 

the guards that the area is safe and that they may leave their posts.  

Should you encounter a situation where you believe that personnel 

are in a position where they are in danger from blasting operations, 

notify the blaster immediately. 

 

If fuse is used for an isolated shot and re-entry is planned, the blaster 

must ascertain the length of the fuse and its burning rate, and hence 

the expected interval between igniting the fuse and the shot firing. 

People have been killed walking back to a face too early, thinking the 

fuse has gone out. 

 

End of shift blasting: 

The miner must be satisfied that all personnel have left the working 

place and are out of danger from blasting before connecting the 

detonator to an electric blasting circuit or lighting a time delay fuse.   

 

Re-entry after blasting: 

The miner must be satisfied that the blasted area is safe by waiting 

the required period before re-entry, inspecting it and making safe any 

bad ground before allowing people into the area.  The atmosphere in 

the blasted area must be free of fumes and dust from the blast before 

people re-enter the area. 
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7.12 Underground Coal Mines 

 

In coal mines and fiery mines, the risks associated with blasting are increased due 

to the presence of coal dust and flammable gas in the underground atmosphere, as 

well as continuous blasting during the shift.  In these mines there is a risk that a 

blast may set off a detonation of the flammable gas or coal dust.  During blasting 

operations, a number of precautions must be taken in addition to the blasting 

practices described for hard rock mines. 

 

7.12.1 Flammable gas testing 

 

The miner must test for flammable gas prior to connecting up and 

firing a blast in a coal mine or other fiery mine.  

 

7.12.2 Permitted explosives only 

 

Only permitted explosives may be used in a coal mine or any other 

fiery mine where, in the opinion of the Principal Inspector of Mines, 

there is a risk of coal dust or flammable gas explosions.  Permitted 

explosives have a different composition that causes them to detonate 

at lower temperatures and with less flame.  Consequently, this 

reduces the risk of a coal dust or flammable gas explosions.   

 

Boxes containing permitted explosives are clearly marked with the 

words “permitted explosives”. 

 

Use of non-permitted explosives or excessive charges in a coal mine 

is extremely dangerous . 

 

7.12.3 Misfires in coal mines 

 

Because a misfired hole from a blast will contain un-detonated 

explosives, special procedures for the handling of misfired holes are 

specified in the Regulations of the Minerals Act.  These procedures 

stipulate the methods that may be used to extract explosives from a 

misfired hole.  If the misfired hole is in stone, then the explosives may 

be removed from the hole with water, or water and air (as in hard rock 

mines).  If the misfire is in coal, a relieving hole must be drilled, 

charged and blasted, as per Regulation 9.37.2 of the Minerals Act.  
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Failure to adhere to these procedures could result in an accidental 

detonation due to heat or shock being applied to the un-detonated 

explosives during their extraction from the blast hole, or by a future 

blast hole intersecting the misfire. 

 

Failure to identify and mark a misfired hole clearly could result in a 

future blast hole intersecting the misfire causing an accidental 

detonation. 

 

Failure to re-fire a misfire properly, if re-firing is appropriate, may lead 

to some of the explosives in the misfired hole not being completely 

destroyed.  This in turn could lead to a future blast hole being drilled 

into the explosives residue resulting in an accidental detonation.  

 

7.12.4 Tamping 

 

Stemming is the material placed in the collar of the blast hole once 

the explosive charge has been loaded.  The act of compacting 

explosives into a hole, or of compacting stemming in the hole, is 

known as “tamping”, but common usage has resulted in stemming 

often being referred to as “tamping”.  

 

The function of the stemming is to contain the explosive gas and heat 

in the blast hole while the detonation occurs.  In coal mines, apart 

from improving the quality of breaking, this reduces the flash of flame 

and heat from the blast hole during detonation, which in turn reduces 

the risk of a coal dust detonation.  It is a legal requirement that all 

holes charged in a mine where permitted explosives are required 

must be stemmed with a non-flammable material.  

 

7.12.5 Second free face 

 

Before a face may be blasted in an underground coal mine, a second 

free face must be created.  This is usually achieved by cutting a slot 

in the face using a mechanical coal cutter.  The reason for this legal 

requirement is that, by creating a second free face, the energy 

required to break the coal is reduced, thereby reducing the pressures 

that build up in the blast hole during detonation.  This minimizes the 

risk of a flash of heat and flame escaping from a blast hole during 

blasting. 
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7.12.6 Blast initiation and clearance procedures  

 

In most underground coal mines, blasting takes place during the 

working shift and the production section is not cleared prior to 

blasting.  Only the area directly affected by blasting operations is 

cleared of personnel and mobile equipment.  This means that the 

clearance and guarding procedures implemented by the blaster must 

be very clear and well understood by all personnel involved.  Prior to 

blasting, the miner (blaster) will place guards at every potential 

entrance to the danger zone of the blast.  Only after the guards are 

placed and the area is clear of personnel must the shot firing device 

be connected to the firing circuit.  The blaster must sound a warning 

prior to blasting.  After the blast, the miner must inspect the blasted 

area for misfired holes and only allow personnel back into the blast 

area after he or she has handled any misfires or is satisfied that there 

are none. 

 

7.12.7 Lightning 

 

Since many underground coal mines are shallow and electrical blast 

initiation is used, lightning poses a risk during blasting operations.  

Lightning can induce a current in the firing circuit causing a premature 

or accidental detonation.  Alternatively, a lightning strike can result in 

a difference in electrical potential between different steel or 

conducting structures underground.  If all steelwork is not properly 

bonded together, flashes between structures can occur, which can 

also cause surges in the firing circuit sufficient to cause accidental 

initiation.  Blasting operations must be stopped immediately and the 

area cleared of personnel if a thunderstorm approaches. 

 

7.13 Surface Mines 

 

In surface mining operations there are some additional risks involved in blasting 

which do not occur underground.  The risks and precautions (specific to surface 

blasting operations) that must be taken to mitigate them are discussed below. 

 

7.13.1 Only blaster and crew on blast site  

 

Control must be maintained to ensure that only the blaster and the 

crew directly involved in blasting operations are allowed on to the 
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blast site during charging operations.  Other visitors must remain 

outside of the blast site, which should be clearly demarcated by the 

blaster. 

 

7.13.2 Sun damage 

 

Some explosive products are susceptible to damage by the sun over 

extended periods of time and some products may reach temperatures 

which render them dangerous for normal handling if left in direct 

sunlight on a hot day.  Explosives should be protected from sunlight 

on the blast site. 

 

7.13.3 Radios and cellular telephones  

 

Hand-held or vehicle-mounted radios, cellular telephones, or any 

other electrical communication equipment, should not be used in the 

vicinity of electrical or electronic detonators.  The electromagnetic 

fields generated by these appliances may induce a current in the 

electrical circuit of the detonator sufficient to cause an accidental 

detonation.  

  

As a general rule, hand-held radios, vehicle-mounted radios and 

cellular telephones should not be allowed on to a blast site, or should 

be switched off before the carrier enters a blast site, unless proper 

approvals have been obtained stipulating usage conditions for 

specific situations. 

 

7.13.4 Vehicles on blast site 

 

Only vehicles that are required for blasting operations (such as 

explosives charging trucks) should be allowed on to a blast site.  The 

major risk of allowing vehicles on to the blast site is that a vehicle 

may drive over explosive products.  At best, this could render the 

product ineffective and cause misfires; at worst, this damage could 

cause an accidental detonation.  An accidental detonation has 

occurred in an open pit mine where a shock tube detonator assembly 

became entangled in the axle of a vehicle. 

 



 

 

122 

7.13.5 Initiation of surface blasts  

 

There are normally three options for the initiation of blasts in surface 

blasting operations: electric blasting (using an electric detonator), 

non-electric blasting (lighting a fuse with a delay) or non-electric 

blasting using a shock tube initiator. 

 

Electric blasting 

The major hazard associated with electric blasting is damage to the 

firing cable. This can cause misfired blasts and delays in blasting 

operations.  To minimize this risk, the firing cable must be well-

maintained and checked with the correct testing equipment before the 

blast.  Testing of the complete firing circuit (including detonator) must 

only be done from a place of safety once the blast area has been 

cleared  

 

Non- electric (fuse) 

The danger associated with this method of initiation is that the blaster 

who lights the fuse may be unable for some reason (such as a 

vehicle failure) to move to a place of safety in time.  Procedures must 

be in place to minimize this risk.  These could include having a 

second vehicle accompany the blaster when he lights the fuse.  A 

second hazard associated with fuse blasting is that a person may 

inadvertently enter the blast area after the fuse has been lit.  In most 

cases there is no way of aborting the blast once the fuse has been lit. 

 

Non – electric lead-in (shock tube or detonating cord initiator) 

The technology and products exist for a blast to be initiated using a 

mechanical shock tube initiator which initiates a length of shock tube 

that runs from the blaster’s place of safety to the blast holes.  This is 

a safe and reliable method but involves the cost of the length of 

shock tube or detonating fuse that is consumed in each blast.  

 

A fourth method of initiating blasts has been slowly evolving, namely 

remote initiation using radio controlled shot exploders.  While this is 

very convenient, there are serious issues in terms of the safety and 

security of such a system, and any possibility of it malfunctioning.  To 

be absolutely safe, the power source for initiating the blast must be 

under the direct control of the blaster, and radio control removes this 

possibility and entrusts it to electronic interlocks. 
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7.13.6 Clearance procedures (radio procedure, blast  

 guards, opening of blast site after inspection)  

 

The blaster must be satisfied that all personnel have been removed 

to a place of safety prior to connecting the detonator to the firing 

circuit or lighting a fuse.  Guards must be placed at all possible 

entrances to the danger area to prevent people entering it during 

blasting operations.  The guards must remain in place and prohibit 

entry until the miner in charge has notified the guards that the area is 

safe and that they may leave their posts.  

 

In surface mining operations there is usually radio contact between 

the blaster and his blast guards.  During blasting operations radio 

silence must be maintained on the radio frequency used by the 

blasting crew.  This is to ensure that good communication is 

maintained between the blaster and his guards. 

 

After the area is cleared of people, the blaster must sound a warning 

for a minimum of three minutes prior to initiating the blast. 

 

After the blast, the miner must satisfy himself that no misfires exist in 

the blasted area or that all misfires have been identified and handled, 

before allowing people back onto the blast site. 

 

7.13.7 Misfires in surface mines  

 

As a misfired hole from a blast will contain un-detonated explosives, 

special procedures for the handling of misfired holes are specified in 

the Minerals Act Regulations.  These procedures stipulate the 

methods that may be used to extract explosives from a misfired hole.  

In surface blasting operations, the stemming (tamping) may be 

removed, a fresh primer and detonator placed in contact with the 

explosives and the misfire re-fired.  Or, a relieving hole may be 

drilled, charged and blasted.  The relieving hole must be not less than 

one metre from the misfire and at least 150 mm deeper than the 

misfired blast hole.  

 

Failure to adhere to these procedures could result in an accidental 

detonation due to heat or shock being applied to the un-detonated 

explosives during their extraction from the blast hole. 
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No blast hole may be drilled closer than two metres from a previously 

misfired hole unless the misfire has been dealt with as above. 

 

Failure to re-fire a misfire properly, if re-firing is appropriate, may lead 

to some of the explosives in the misfired hole not being completely 

destroyed.  This in turn could lead to a future blast hole being drilled 

into the explosives residue, resulting in an accidental detonation. 

 

7.13.8 Lightning at surface mines 

 

Lightning can induce a current in the firing circuit causing a premature 

or unplanned detonation.  Blasting operations must be stopped 

immediately and the area cleared of personnel if a thunderstorm 

approaches. 

 

7.14 Destruction of Explosives (Extracted from African Explosives 

Limited’s Basic Explosives Training Course Material)  

 

When properly stored and handled, blasting agents, high explosives and detonators 

will remain in good condition for a considerable time, although the maximum storage 

duration is subject to regulation.  If explosives are exposed to dampness, moisture 

or extreme heat during long-term storage, they may deteriorate and require 

destruction.  The absorption of moisture is the common reason for deterioration.  

Blasting agents and high explosives may contain ingredients that absorb moisture if 

they are exposed to dampness or high humidity.  Moisture generally reduces both 

the strength and sensitivity of explosives and is also a chief cause of deterioration in 

detonators, safety fuse and detonating relay connectors. 

 

Deteriorated detonators and some explosives are sometimes more hazardous to 

use than those in good condition.  For this reason, all materials which have become 

unfit for use, or which have deteriorated into a dangerous condition, should be 

promptly and carefully destroyed.  Under no circumstances must these materials be 

disposed of by burying or drowning. 
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7.14.1 Identification of deteriorated explosives  

 

Different explosive products exhibit different signs of deterioration.  

As they deteriorate, their appearance and physical properties change 

in various ways.  These symptoms of deterioration will usually be 

apparent when the products are carefully examined. 

 

7.14.2 Ammonium nitrate 

 

As ammonium nitrate is naturally hygroscopic, prilled AN and ANFO 

readily absorb moisture from their surroundings.  This may cause 

these explosives to become noticeably damp to touch and, as the 

prills tend to soften and stick together, they will not flow easily.  

Extreme temperature variations (temperature cycling) also causes 

prills to disintegrate into fine particles as the AN crystals expand and 

contract causing the prills to break down. 

  

AN or ANFO prills that have crumbled into fine particles may 

eventually agglomerate (cake together) and form hard lumps as they 

dry.  If enough moisture is available, prilled AN and ANFO will 

degrade to form a sludge and will eventually dissolve completely. 

 

7.14.3 Emulsion explosives 

 

Emulsion explosives gradually become firmer and less sensitive to 

initiation as they age.  The characteristic soft texture slowly 

disappears as the physical structure changes from a stiff liquid to 

solid.  This is caused by “crystallization”, i.e., the formation and 

growth of solid salt crystals within the super-saturated solution.  The 

only sure test of suitability for use of emulsions is to conduct 

unconfined detonator firing tests on a sample. 

 

Packaged emulsions may initially form a firm “crust” inside the 

wrapper as they age.  The entire product may eventually become 

quite hard. 

 

Crystallization of bulk emulsion phase is usually indicated when 

crystals can be seen, or when a small sample of product rubbed 

between the fingers feels slightly “gritty”.  
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7.14.4 Detonators 

 

The shells of detonators that have been stored for very long periods 

in unsatisfactory conditions may not show any changes despite 

deterioration of internal components.  However, the metal shells of 

detonators that have been stored for a long time in damp conditions 

may become discoloured or corroded.  It is advisable that they be 

destroyed if this occurs as internal components will by this time 

almost certainly be affected and become unreliable or more sensitive 

to accidental initiation by impact or friction. 

 

Detonators that are severely corroded may be dangerous to handle 

and should not be moved until they have been inspected by a person 

who can assess the hazard involved.  Detonators that are obviously 

damaged (e.g. bent or partly crushed) may also be very sensitive to 

initiation if the priming composition is exposed.  Damaged detonators 

must always be handled with extreme care. 

 

Any detonators that have been accidentally immersed in water for a 

period of time should be destroyed to avoid any risk of misfires or 

unpredictable performance. 

 

Old detonators (more than 18 months) that appear to be in good 

condition may in fact be unreliable. Corrosion can occur because of 

the dissimilar metals used in the construction of the fuse head, 

causing the fuse head to fail.  Firing a representative sample of old 

detonators can be done to check for reliability, but it is better to 

destroy them. 

 

7.14.5 Detonating cord 

 

Detonating cord that has absorbed moisture (e.g. water or oil) will 

generally be less sensitive to initiation, although its appearance may 

remain unchanged.  As detonating cord will usually absorb water 

through a cut end, it is usually sufficient to cut the first metre or so off 

the end of an old reel.  Any cut-off end or cord that has been 

physically damaged or soaked in water or oil should be destroyed to 

avoid possible misfires. 
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7.15 Methods of Destruction 

 

Deteriorated explosives are usually destroyed either by burning or by detonation.  

They must never be buried or thrown into streams or ponds.  Only persons 

authorized to do so by the mine manager and in the possession of a valid blasting 

ticket may destroy explosives. 

 

7.15.1 Underground 

 

Explosives should never be destroyed underground by burning.  If 

this takes place it must be brought to the attention of a mine official 

immediately.  Burning of explosives underground could lead to an 

explosion or to formation of high concentrations of noxious fumes.  

There are numerous instances of fires being accidentally started 

underground as a result of persons improperly destroying old 

explosives. 

 

Limited quantities of explosives can be safely destroyed underground 

by detonating these together with a blast at blasting time.  All the 

normal procedures for blasting safety and clearing of the area must 

be followed.  

 

7.15.2 Surface 

 

It is normal practice for all old or damaged explosives to be destroyed 

on surface.  Destruction of explosives must be carried out in a 

controlled and safe manner by a suitably experienced and qualified 

person.  The mine manager will normally appoint a person 

responsible for the destruction of explosives.  This person must be 

familiar with the recommended methods of destruction of the various 

types of explosive materials and with the procedures for the safe 

destruction of explosives by detonation and burning.  

 

Destruction of explosives must take place on a safe burning ground.  

The procedures followed prior to burning of explosives must ensure 

that no persons or property will be endangered if the explosives 

detonate.  It must be assumed that the explosives will detonate 

during burning, although this is not usually the case if the correct 

procedures are followed.  
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Under no circumstances must detonators and explosive cartridges be 

destroyed together.  Care must be taken to ensure that no cartridges 

that are being destroyed by burning are primed with detonators. 

 

If explosives are being destroyed, by burning or detonation, in a 

manner that is potentially harmful to persons or property, then mine 

management must be informed immediately. 

 

 

 

 

FIGURE 7.11 - CORRECT PROCEDURE FOR DESTRUCTION OF EXPLOSIVES BY BURNING 

 

7.16 Outcomes 

 

After reading this chapter, you should have a satisfactory awareness of the dangers 

of the handling and use of explosives on various types of mines. You should have 

an adequate awareness of the precautions and rules particular to reducing the 

hazards posed by explosives.  You should know how to identify and destroy expired 
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explosives and you should be aware that any deviations from these rules and safety 

standards should be immediately and without fail reported to the miner in charge of 

the explosives in order to prevent serious damage or death from unregulated 

explosives.   

 

7.17 Further Reading 

 

Republic of South Africa:  Regulations of the Minerals Act, (as read with the Mine 

Health and Safety Act). 

 

Republic of South Africa:  The Explosives Act 2003. 

 

African Explosives Limited, 2003:  Basic Explosives Training Course,. 
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CHAPTER 8 

 

8 SURFACE STRUCTURES 

 

OBJECTIVE 

 

Surface structures include steel structures (buildings, tanks, trestles, conveyor frames, etc) 

as well as more permanent constructions such as earth dams.  The purpose of this chapter 

is to assist you in obtaining a better appreciation of the safety hazards that can arise from 

the surface structures used on mines.  The chapter first discusses the issues pertaining to 

surface structures made of two different materials, namely concrete and steel.  It then goes 

on to discuss the general requirements for the maintenance of safe surface structures, 

covering the details of specific types of structures.  
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Glossary: 

 

kPa: Kilo Pascals 
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8.1 Introduction 

 

Failure of structures on mines is uncommon, but when a large structure fails, it can 

have very serious consequences and can cause significant injury.  However, 

because structural failure is relatively rare, complacency is a problem, as it is easy 

to walk past the same structure every day and not notice that it has deteriorated.  

This chapter will make you more aware of the hazards that can be posed by 

structures and equip you with the knowledge of what to do when you notice a 

hazard. 

 

If you are concerned about the condition of a structure, then you should seek the 

advice of an engineer who is sufficiently qualified and experienced to be able to 

form a valid opinion.  Remember that engineers tend to specialize, so a person who 

is competent in piping work, for example, may not be able to give a good opinion on 

the safety of an earth dam.  Registered Professional Engineers (who typically use 

the title Pr.Eng. behind their names) are obliged – by law – not to offer opinions in 

areas in which they are not competent.  It is, therefore, always a good idea to 

consult a Professional Engineer in the relevant field when dealing with significant 

structural problems.  The mine’s engineer will know when specialist assistance 

should be sought. 

 

8.2 Surface Structures 

 

Surface structures include water storage tanks, pipelines, silos, cranes, gantries and 

buildings used for offices, stores and workshops.  These structures are normally 

made of either concrete or steel.  The two different constructions are discussed 

below. 

 

8.2.1 Concrete structures 

 

Concrete surfaces should be examined visually to locate any deterioration 

caused by overloading, weathering, erosion, vandalism or mechanical 

damage.  Cracks or areas of broken concrete may be an indication of 

structural problems.  Deep and wide cracks are often due to stresses that 

are caused by structural loading or by shrinkage.  This type of crack is most 

likely to result in a reduction of the structural integrity (or soundness) and is 

often accompanied by movement and misalignment of the concrete on either 

side of the crack.  Major cracks should be examined by a Professional 

Engineer. 
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Minor hairline surface cracking is usually a consequence of poor quality of 

the concrete. Minor surface cracking should not have a significant 

detrimental effect on the strength of the concrete, although a large number of 

cracks could result in a loss of concrete.   

 

Discolouration or rust staining, usually originating from cracks, is likely to be 

a sign of internal corrosion of the reinforcing steel.  

 

Foundations may be undermined by flowing water weakening the support of 

the structure.  Drainage around buildings should ensure that water flows 

away from buildings and structural supports.  Weep holes in retaining walls 

allow drainage from behind the wall and prevent water pressure from 

building up behind the wall.  Excessive pressure could cause the wall to 

crack or collapse; therefore these holes should be checked to ensure that 

they are draining properly.  Any unusually large accumulation of water that 

occurs during heavy rainfall should be investigated to make sure that the 

water is not causing a hazard.   

 

8.2.2 Steel structures 

 

Steel constructions are common on mines.  The integrity of these structures 

can be reduced by a number of influences, including poor construction 

methods, substandard materials, mechanical damage, wear, corrosion and 

overloading.  

 

Corrosion affects the majority of steel structures where they are exposed to 

water, moist environments or corrosive chemicals.  Corrosion reduces the 

strength of steel components and, if left unchecked, can lead to structural 

failure.  The outward signs of corrosion range from discolouration of the steel 

through to delamination and finally complete loss of steel, resulting in holes.  

Any resulting overloading of steel members will appear as buckling or 

distortion.  Corrosion will also damage connection points, including welded 

and bolted connections. 

 

Corrosion may occur in areas where it is not possible to conduct visual 

inspections, such as the base of water tanks.  Inspections should be 

conducted in these areas when the tank (or other structure) is emptied for 

cleaning or other stoppage.  These inspections should be thorough and, in 

evaluating the condition, consideration should be given to the length of time 

that the component will be required to operate before the next inspection.   
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In some cases it will never be possible to examine visually some items, 

including the underside of the base of floor-mounted tanks and inside 

enclosed vessels and pipes.  In these cases it is possible to get an indication 

of the condition of the steel using an ultrasonic measuring device. 

 

The effects of corrosion on steelwork can be minimized by taking appropriate 

action, including: 

 Conducting periodic examinations. 

 Priming and painting the steel using paints appropriate to the conditions. 

 Re-painting of steelwork following repairs. 

 Using galvanized steel in damp or wet conditions.  Painting on top of the 

galvanized steel (duplex coating) could be considered for wet conditions. 

 Keeping areas dry and clear of chemical, water and mud spillage. 

 Replacing or reinforcing deteriorated members and connections. 

 

Structural wear occurs where materials slide over or impact on the steel or 

concrete.  This typically occurs during the transport of rock and normally 

affects chutes and silos.  Linings should be inspected and repaired regularly.  

Where these liners have worn through, it is possible that underlying 

steelwork and concrete may have become damaged.  This damage could 

cause a weakening of the structure or may create a gap that will create 

spillage or a falling rock hazard. 

 

Steel buildings are usually enclosed with thin steel cladding.  This cladding 

not only protects the building from the elements but also protects personnel 

from falling, where the floor level is higher than ground level.  The cladding 

must therefore be secure and free from corrosion.  Particular care must be 

taken when working on (or inspecting) the roof of a steel clad building.  

Where sheeting has been removed for maintenance or slinging purposes, 

the sheeting should be replaced as soon as possible.  Open areas must be 

properly barricaded to prevent people from inadvertently entering the 

exposed area. 

 

Damage to structures can result from impact by vehicles operating in their 

vicinity. This is particularly common where cleaning scoops are operating in 

the vicinity of conveyors.  Damage of this type often affects structural support 

columns and can easily weaken the structure.  Heavy-duty barricades can be 

used to protect the steel work from direct impact but, where cleaning 

operations are carried out regularly, the use of barricades may impede 

cleaning.  In such cases, it is possible to fill sections and gaps between and 

around the steelwork where rock and dirt collects. 
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Lifting and moving loads using fixed and mobile equipment can lead to 

damage of surrounding steelwork where the loads are allowed to collide with 

the steelwork.  Such damage should be examined immediately and, if 

necessary, remedial repairs undertaken.  In these situations, damage to the 

load and supporting slings can also occur. 

 

Permanent structures for lifting operations are used in the majority of 

buildings where work takes place.  These include overhead travelling cranes 

and overhead gantries fitted with motorised or manually operated lifting 

equipment.  Only structures that have been properly designed and approved 

should be used, including the use of specified chain blocks or other lifting 

equipment.  The maximum lifting load must be clearly marked.  The 

maintenance carried out will depend on the type of lifting equipment being 

used and must be based on the minimum requirements as provided by the 

supplier of the equipment.  

 

8.3 General Requirements 

 

8.3.1 Access to working places 

 

Walkways are designed taking into account the loads that will be imposed on 

them.  They require little maintenance, but any damage should be repaired.  

Particular issues to take account of are the following:  

 Walkways, stairways and platforms must be kept clear of all equipment 

or materials that create obstructions or tripping hazards or that may 

overload the walkway. 

 Walkways should be kept clear of rock spillage, mud and liquids 

(including water and oil) that create hazards of slipping or tripping. 

 Any distortion to the structure of a walkway could indicate a very 

hazardous situation and should be inspected by a suitably qualified 

engineer. 

 Where work is conducted on overhead platforms, or where equipment or 

material is being moved into overhead work areas, adequate protection 

must be provided for all persons working or passing below.  This could 

take the form of protective roofs or, if this is not practical, access to the 

lower walkways must be prevented with barricades and warning signs. 

 Safety harnesses must be used where there is a danger that a person 

may fall from a raised structure during the course of work.  It is important 
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to have procedures in place to facilitate the speedy rescue of any person 

suspended in a harness after an arrested fall. 

 Where there is the possibility of people falling into water, they must wear 

life jackets and/or be tied to a lifeline.  

 

When examining structural walkways and stairways the following points 

should be considered: 

 The structure should be stable and effectively secured to its mounting 

points. 

 There should be no damaged or deformed structural members. 

 All bolted and welded joints should be properly secured and free of 

corrosion. 

 Kick plates should be secured and in good condition. 

 

8.3.2 General housekeeping 

 

All working places, travelling ways and storerooms must be kept in a clean 

and tidy condition.  This will minimize the danger from obstructions and 

enable hazardous conditions to be recognized more clearly.  Some simple 

rules to follow are: 

 Workplaces, storerooms, work surfaces and cupboards must be kept 

clean and orderly.  The floor of every working place and walkway must 

be kept free from protrusions, holes or other physical defects. 

 Where wet processes are involved, the floors must be drained and 

grating platforms or mats must be used to prevent slipping. 

 

8.3.3 Examination, maintenance and records  

 

Structures must be inspected regularly to check on their general condition.  

The duration between inspections will depend on the rate at which the 

equipment deteriorates and the level of risk that results from a failure.  These 

intervals are typically 3 months for a mud pump, where major components 

such as an impeller could have suffered high wear, and up to 1 year for a 

lightly loaded surface structure, where minimal damage or wear is likely.  

These periods should be based on manufacturers’ recommendations and 

experience.  A cycle of different types of maintenance is typical, as most 

structures and equipment require work that ranges from general inspections 

to major overhauls. 
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When structures or equipment have defects that affect safety, these must be 

corrected before the structure or equipment is used.  The questions that 

need to be asked when examining structures that have defects are: 

 Could the defect create a safety hazard?  

 Does the defect affect equipment, machinery, or tools? 

 If left uncorrected, would the defect create a hazard to people in the 

future? 

 Would the defect create a hazard if the equipment and machinery were 

operated in this condition? 

 

If the defect creates an immediate hazard, it may be necessary to stop 

access to an area or to stop work completely until the defect can be rectified.  

It is not acceptable to leave a hazard uncorrected unless it is certain that 

measures are put into place that will prevent these hazards from presenting 

a danger to people, other structures, the general environment and 

equipment. 

 

8.4 Specific Structures 

 

8.4.1 Tanks and sumps 

 

Do not enter a tank or sump where there may be a build up of gas or a 

reduction in breathable air without being given approval by a ventilation 

engineer.  Such sumps could include: 

 Empty water tanks where the access cover at the base has not been 

removed. 

 Access ways beneath thickeners. 

 Vessels with only one opening. 

 Sewage pump sumps. 

 

Always wear a lifeline when working in the sump where there is a danger of 

being overwhelmed by gas or vapours, or where oxygen may be reduced.  

Ventilation and gas monitoring systems must be used where regular work or 

inspections take place.  It should be noted that conditions could change and 

allowance must be made for possible changes.  For example, a sump that 

has never previously presented any problems to the working environment 

could change when painting takes place.  Some of the corrosion-resistant 

paint used for damp environments contains volatile vapours which can easily 

overwhelm those that are painting in the area. 
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8.4.2 Conveyor structures 

 

Many mines have conveyors supported on raised structures.  These 

structures are required to support the conveyor equipment that operates 

under changing dynamic loads and, unlike many other structures, can be 

required to sustain additional deadweight loading.   

 

 Water control 

 

Corrosion of conveyor structures results from high levels of moisture 

associated with water and the build up of mud and wet grit.  This wet grit 

collects in corners and on horizontal surfaces providing ideal conditions 

for corrosion.  Water is used for belt cleaning (usually in the form of 

sprays located under the head pulley), dust suppression, cleaning 

hosepipes and fire systems.  Spillage from all of these can be controlled 

or eliminated without reducing the effectiveness of the conveyor 

operation.  Where sprays are required for belt cleaning, drip trays located 

under the spray head direct the flow to a mud pump sump and will 

ensure that the water is controlled.  These trays and components must 

be manufactured from corrosion resistant steel as mild steel will rust 

rapidly in these conditions.  Where dry dust collection equipment is not 

suitable, water spray systems which atomize the water with compressed 

air can be used as a relatively dry method of suppression.  Trickling 

hoses, a common sight in conveyor installations, often create humid 

environments.  The simplest method of reducing the need for hosing 

down is to minimize spillage, as is discussed below. 

 

 Spillage reduction 

 

Spillage from conveyor belts creates a number of problems, including: 

 Possible overloading of conveyor gantries. 

 Collection of spillage creating ideal conditions for corrosion. 

 Restriction of walkways and creation of overhead rock fall hazards. 

 

Spillage must not be assumed to be a necessary evil associated with 

conveyors as it can be corrected with good conveyor design and 

maintenance. 

 

While it is likely that the structure will have been designed to contain 

some spillage, it must not be assumed that this is the case and all 

necessary actions to minimize and remove spillage must be taken.  
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Conveyor gantries have collapsed in the past due to excessive loading 

from spillage. 

 

Overhead conveyor gantries often create a hazard for people walking 

beneath.  Gaps between the floor surface and the side structure, which 

usually consists of a steel fabrication covered with sheeting material, will 

allow rocks of a substantial size to fall through.  Minimizing the spillage is 

the first step in preventing this.  The gaps between the sheeting and floor 

can easily be filled (by a competent boilermaker or builder) to eliminate 

the danger of falling rock. 

 

 Walkways 

 

Walkways should be clear to allow for the safe passage of people.  

Floors must be smooth, but not slippery, and clear of obstructions.  

Suitable guards must be fitted on conveyor pulleys and drives.  Pull wires 

must be installed along the full length of the conveyor to enable the 

conveyor to be stopped when necessary. 

 

Crossovers should be provided where it is necessary to cross conveyors 

and crossing should only be allowed at designated crossover points. 

 

8.4.3 Pipelines 

 

Pipes are used to transport various fluids in mines.  At surface installations, 

the operating pressures are relatively low, typically less than 2,000 kPa for 

water and 700 kPa for compressed air.  Some backfill slurry pipes may 

operate at high pressures of up to 4,000 kPa for long distance transfer 

systems.  Pipes tend to fail because of overpressure and corrosion.  

Pipelines should be properly designed in order to ensure that the pipeline 

operates in a safe manner in accordance with the fluid characteristics and 

operating conditions.  When installing new pipelines, the pipe wall thickness, 

pipe material specification and flange rating must be selected to suit the 

operating conditions.  The following guidelines should be used when 

inspecting pipeline installations: 

 Pipes should be free of corrosion, dents and buckling. 

 Excessive pipe movement may be an indication of insufficient anchors 

and/or excessive water hammer loads. 

 Where pipe restraining clamps are bent or distorted, this may be an 

indication of excessive pipe movement.  Loads from the piping would be 

transmitted to supporting steelwork and this situation should be avoided. 
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 Anchors and pipe supports must be free of corrosion.  Holding down 

bolts must be tight and secure.  Distortion of these supports is an 

indication of overloading. Movement of expansion joints should be 

monitored and compared with the allowable travel. 

 Pipe wall thickness should be monitored using an ultrasonic thickness 

gauge.  The design wall thickness of the piping should be known and the 

measured values should be compared with this to monitor pipe 

deterioration. 

 Compressed air pipes are particularly susceptible to corrosion and water 

traps should be installed to trap and remove water. 

 On compressed air lines, particular attention should be paid to the wall 

thickness at the bottom of the piping where the greatest corrosion is 

normally found.  The high rate of energy release from air pipes can result 

in explosive pipe rapture failures and great care should be taken when 

working on these pipes. 

 Great care should be taken when working on pipelines.  The pipelines 

should be drained and any pump, compressors, or valves connecting to 

other pipes must be isolated and locked out. 

 Leaks from high pressure piping (especially high pressure slurry lines) 

are extremely dangerous when high pressure jets are produced.   

 

8.4.4 Fire-fighting equipment 

 

Fire-fighting equipment is required for all areas where there is the possibility 

of fires occurring that will endanger the safety of personnel or damage 

property.  This will apply to the majority of (if not all) buildings and areas 

where equipment is operated or maintained, or where materials are stored. 

 

Each area must be provided with suitable equipment appropriate to the 

application.  Pressurised water systems are used to supply fire hydrants.  

Water is the most common medium used for fire-extinguishing equipment.  

Other media which include gas, powder and foam, are used for fires where 

water is not suitable.  These include fires caused by, or located near to, 

electrical equipment where the use of water will result in electrocution, or 

chemical and oil related fires where water may be ineffective or will create 

additional hazards.  It is the responsibility of all personnel to be aware of all 

fire hazards that may exist in their work places and to be familiar with fire-

protection equipment and emergency exits.  

 

Fire-fighting equipment should be visually inspected and tested at specified 

intervals.  A code of practice and procedures for the operation, maintenance 

and inspection of fire-fighting equipment is required.  The code should detail 
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the inspections required and should include, as a minimum, the requirements 

listed as follows:  

 Fire extinguishers must be visually inspected at least once a month to 

determine that they are suitably charged and in good condition. 

 Extinguishers must be hydrostatically tested in accordance with the 

manufacturers’ recommendations. 

 At least once every year, detailed checks must be made of each fire 

extinguisher.  These must include the physical condition of all parts 

including the body, hose, nozzle and trigger components.  The condition 

of the extinguishing agent and expellant charge must also be determined. 

 At least once every three months, water pipes forming part of the fire-

fighting system, valves, hydrants, and hoses must be visually inspected 

for damage or deterioration.  They must be tested once every twelve 

months to check and ensure that they remain fully operational.  

 Fire-suppression systems must be inspected in accordance with the 

requirements of the manufacturer.   

 

8.4.5 Earth walled dams 

 

Earth dams are common on many mines and are used as part of water 

storage systems; flood and spillage control; and settlement ponds.  Failure of 

these dams can easily lead to the devastation of land and structures 

downstream of the flow path and a high potential loss of life.  Specialist 

examiners of this type of structure should carry out detailed inspections at 

prescribed intervals.  For the general operational and maintenance 

personnel, however, it is only possible to make visual inspections of this type 

of structure.  Even so, such an inspection could reveal significant faults and 

potential problems and it is important that personnel are aware of the most 

common types of failure that can occur.  These are structural failure, 

overtopping, and seepage.  

 

 Structural failures 

 

Cracking of the embankment wall, settlement and slumping are the more 

common signs of structural failure of embankments.  Structural failure 

often results from other types of failure including seepage and erosion.  

Minor defects, such as cracks, may be the first visual sign of a problem 

that could lead to failure of the embankment. 

 

 Overtopping 

 

Overtopping failures result from the scouring action of water as it flows 

over or around the dam wall.  Earth embankment walls used on the dams 
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are not designed to be overtopped and once erosion has begun it will be 

almost impossible to stop.  Dam levels should be monitored to ensure 

that the dam cannot overflow, with inspection frequency increased during 

times of high rainfall.  Concrete-lined spillways should be incorporated 

into the dam wall to control and channel water away from the dam when 

the water level is high. 

 

 Seepage 

 

Water permeates through the embankment walls of all earth dams.  If this 

flow becomes excessive, it will wash away soil from the embankment 

resulting in failure of the dam.  An embankment that becomes saturated 

will be significantly weakened and could slump.  If the seepage is 

concentrated in one section, a flow path may form through the wall.  In 

this situation, the flow rate will increase and erosion will occur rapidly. 

 

Seepage will create wet areas below the dam wall and may create pools 

or water streams.  Initially, the presence of seepage may manifest itself 

in the development of areas of lush vegetation.   

 

8.5 Hazardous Materials and Substances 

 

Hazardous materials are discussed in this chapter as they are normally stored in 

buildings or structures on surface.  Many processes found in mines use materials 

that are hazardous to both people and property.  The use of these materials must be 

carefully controlled to prevent injury to persons and to avoid damage to equipment 

and structures.  These materials occur in various forms including liquids, powders 

and gases.  Some typical materials found on mine properties include: 

 Cyanide. 

 Chlorine. 

 Ammonia. 

 Acids (hydrochloric, sulphuric, etc.). 

 Gas cylinders and their contents. 

 

The safety requirements for each type of material differ considerably and we will not 

discuss each of these in detail but provide general comment to assist with hazard 

identification and control. 

 

It is important that hazardous materials are identified and proper control measures 

are taken.  If a material, that is currently being used, is thought to be potentially 

hazardous, but has not been officially identified as hazardous, it is important that the 

concern is raised with a safety officer and a decision is made regarding the status of 
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the material.  It should be noted that commonly used materials such as turpentine 

and cement are considered as hazardous and therefore appropriate measures must 

be taken when using such materials.  

 

A Code of Practice must be available for all work that involves the use of hazardous 

materials.  This should provide a general overview of the application and dangers of 

the relevant material.  In addition detailed operating and emergency procedures 

should be provided to ensure that the product is used safely.   

 

Where hazardous materials are stored or used, consideration must be given to the 

following items: 

 Training of operating personnel. 

 Training of personnel working in hazardous areas – awareness and safety 

requirements. 

 Safe storage of materials. 

 Restriction of access to unauthorized personnel. 

 Avoidance of inadvertent contact with hazardous material. 

 Required use of PPE. 

 Warning and regulatory signs. 

 Regulatory monitoring (air samples, etc.). 

 Emergency procedures. 

 Emergency access and exits. 

 First aid personnel, equipment, antidotes, etc. 

 Emergency equipment (showers, sirens, warning lights, etc.). 

 Medical checks and employee suitability. 

 The proper operation of equipment. 

 Maintenance of equipment. 

 Regulatory inspections and tests. 

 Delivery and offloading. 

 

8.6 Outcomes 

 

After reading this chapter, you should have an appreciation of the structures that are 

found on mines and you should know not to take their safety for granted.  You will 

now be on the lookout for any signs of damage and report them to the relevant 

person immediately.  You are now equipped to recognize structure-related hazards 

and appreciate the devastation that may result from failure to take appropriate 

action. 
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CHAPTER 9 

 

9 MACHINERY AND MATERIALS HANDLING 

 

OBJECTIVE 

 

This chapter covers critical safety issues for machinery and material handling on mines.  It 

lists the various types of machines, explains the purpose of machinery and covers the 

hazards relevant to that machinery.  It then provides the reader with detailed and specific 

instructions for maintaining a safe interaction with machinery and material handling on 

mines, both above and below the surface.  Moreover, it provides particular safety 

instructions for a range of mine equipment.  This chapter is also recommended for people 

who intend visiting a mine and are not familiar with mines and mine machinery.   

 

Chapter Authors: A G du Plessis and R B Wilson 

 

Alex du Plessis has more than 30 years experience in the mining industry.  He holds the 

degrees of BSc(Electrical Engineering) and MSc(Engineering).  He is a registered 

Professional Engineer, holds a Government Certificate of Competency for Mines and 

Works, and is a Fellow of the South African Institute of Mining and Metallurgy.  Alex has 

practical production-related experience on diamond, gold and coal mines, as well as 

experience in applied research and development, gained during employment at the 

Chamber of Mines Research Organization.  He is currently a Principal Engineer and 

Chairman of Turgis Consulting (Pty) Ltd. 

 

Rob Wilson holds the degree of BSc(Mechanical Engineering).  He is a registered 

Professional Engineer and holds a Government Certificate of Competency for Mines and 

Works.  Rob has 29 years experience in the mining industry.  Experience includes mine 

management and operational responsibility on gold, coal, tin and platinum mines, design 

and procurement experience in hydraulic piping systems including both high pressure water 

and backfill, mechanical and system designs for platinum group metals recovery plants, 

material handling systems (hard and soft rock) project management of shaft sinking, mine 

equipping and process plant construction, management of research and development 

projects and the design of ventilation systems for underground mines.  This experience has 

been applied across disciplines in a number of accident investigations conducted nationally 

and internationally.  Rob is currently a Principal Engineer and Managing Director of Turgis 

Consulting (Pty) Ltd. 
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W Masztalerz is a mechanical  engineer in the Specialist Unit of the department of Minerals 

and Energy. 

 

G van Den Berg is the Machination Programme Manager at Anglo Platinum Corporation. 
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Glossary 

 

LHD: Load-Haul Dump 

ROPS: Roll-Over Protection 
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9.1 Introduction 

 

For the purposes of this handbook, machinery is taken to mean all mechanical 

devices that may be found on surface or in underground mines (excluding electrical 

equipment and built structures, which are dealt with in other chapters).  Material 

handling is a term used to describe everything that is done to get people, materials 

and rock either into of out of a mine and is closely associated with machinery.  

Normally, we use machinery to do the work of material handling. 

 

While certain types of machinery are found on all types of mines, some are only 

found on a specific type or class of mine.  In addition, because of their relative size, 

complexity or hazards posed to people, some machinery may be found to be 

isolated and fenced, while other machines operate in close contact with the general 

workforce.  In general, large rotating machinery is kept isolated by fencing, or in 

enclosures such as locked buildings.  

 

The following types of machines can be found in underground mines: 

 Winches. 

 Track bound rolling stock (locomotives, hoppers and flat cars). 

 Pumps. 

 Axial ventilation fans. 

 Surface trucks and material handling equipment (mobile cranes). 

 Overhead cranes. 

 Drilling equipment (rigs and drilling machines). 

 Movable platforms. 

 Rocker shovel loaders and development equipment. 

 Continuous miners. 

 Shuttle cars. 

 Feeder breakers. 

 Rock handling systems (scrapers, boxes, tips, chutes, screens and feeders). 

 Winding equipment. 

 Chairlifts. 

 Mono-ropes. 

 Endless rope haulages. 

 Lifts and elevators. 

 Crushers and mills. 

 Screens, agitators, tanks and cyclones. 

 Conveyor belts. 

 Large rotating machines such as compressors, fans and turbines. 
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 Trackless mining equipment (load haul dumpers, trucks, drill rigs, utility vehicles, 

etc.). 

 

Surface mines may have some or all of the following equipment: 

 Surface trucks and material handling equipment such as mobile cranes. 

 Pumps. 

 Conveyor belts. 

 Trackless mining equipment (LHDs, trucks, drill rigs, etc.). 

 Drilling equipment (rigs and drilling machines). 

 Movable platforms. 

 Rock handling systems (scrapers, boxes, tips, chutes, screens and feeders). 

 Draglines. 

 Shovels. 

 Crushers and mills. 

 Screens, agitators, tanks and cyclones. 

 Large rotating machines such as compressors, fans and turbines. 

 

9.2 Purpose of Machinery 

 

All machinery used is designed for the specific purpose of making work easier for 

people and all types of machinery convert energy, in some way, from one form to 

another.  In doing so, they will always produce heat and will result in some 

movement or other.  They will also invariably store energy in a quantity that, if it is 

released inadvertently and uncontrollably, may result in injury to people in the 

vicinity.  These characteristics are potentially dangerous to humans because of the 

size of equipment used on mines and the amount of energy involved.  Generally, 

accidental direct contact with machinery of even the smallest type used on a mine 

can result in an injury or death. 

 

The safe design and use of machinery on mines is regulated by the Mine Health and 

Safety Act and associated regulations.  The Act requires that both the suppliers and 

users of all machinery conduct risk assessments prior to use or when any change of 

use is contemplated, while rules pertaining to certain other types of machinery are 

either tightly regulated (as in the case of a winding plant), or controlled by 

mandatory or voluntary mine Codes of Practice. 

 

The safe use of equipment requires that: 

 The equipment designer must ensure that the machine is properly designed for 

its intended use.  The purpose of the machine and instructions for its safe use 

must be communicated to the users of the machine. 

 The users must ensure that the machine is used only as the designer intended. 
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 Users must be aware that, if they modify a machine in any way or use it in other 

than its original intended application, the onus for ensuring that the modified 

machine is still safe transfers from the original designer to them.  The 

modifications must be risk-assessed, and it is often helpful to involve the original 

designers in this process. 

 

Machinery such as winders, compressors, refrigeration plants, large fans and 

pumps, crushers and mills are normally located in secure, fenced areas, so that 

people who are not properly trained in their safe use and maintenance are 

protected.   

 

9.3 General Hazards Posed by Machinery  

 

In general, machines either get very hot, produce very high pressures (stored 

energy) or move about, offering opportunity to pinch, crush or trap an unwary 

bystander.  Because of their size and mass, any inadvertent contact with machines 

poses a real and immediate danger to people.   

 

Some machinery is stationary and other is mobile.  Stationary machinery is usually 

protected by guarding or a separate enclosure and poses a relatively lesser danger 

than mobile equipment.  Mobile machinery will either follow a defined path of travel 

(such as a train) or an undefined path of travel, such as trackless mining equipment.  

The latter is more difficult to automate safely. 

 

Accidents will generally occur when people either stand in an unsafe position or 

when the operator of a machine cannot see them.   

 

9.4 Avoiding Machinery Hazards 

 

9.4.1 General precautions 

 

The following general precautions will minimize the hazards posed by 

machinery in mines: 

 Do not approach any machinery unless you are familiar with the dangers 

posed by the machinery.  Before you approach, think about what might 

happen.  What could go wrong?  What could you do to protect yourself 

and others around you if it did? 

 Do not use any item of machinery unless you are trained to do so and 

have reviewed the risk assessment pertaining to the use of the machine. 

 Only use the proper tools specified for use on machinery. 
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 Do not assume that any machine is safe to use unless you have 

personally performed pre-use checks. 

 Never work on any machinery while it is in motion.   

 Never attempt to perform adjustments on moving machinery.  

 Always apply “lockout” principles when cleaning, checking or working on 

machinery.  This means that the person who actually works on the 

machine must take specific steps to ensure that no one else may either 

advertently or inadvertently start or cause a movement of the machine 

without his or her express knowledge.  Be particularly mindful of isolating 

all possible causes of injury including electricity, pressure (air, hydraulic 

oil or water) and movement (sliding or falling objects), not just the ones 

affecting your job! 

 

 

 

 Never work on machinery unless it has been ‘locked-out’.  There is a 

variety of ways of achieving this and each machine is different, requiring 

specialist training. 

 Observe how a machine moves.  Identify areas or ‘pinch points’ where a 

hand, for example, may be trapped between two parts of a machine as 

they move relative to each other. 

 Always be alert to the possibility of falling objects. 

 Never get under any machine unless it is securely supported on the 

ground and chocked (supported by an adequate block or wedge) to 

prevent movement.  A jack is not good enough. 

Always lockout  

machinery before working 

Specific machines have 

specific lock-out 

procedures, comply with 

them at all times 
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 Never work behind a mobile machine parked on a slope unless it is 

chocked. 

 Always stand in a safe place relative to machinery, whether stationary or 

mobile.  Do not assume that a driver/operator can see you and assume 

that any unattended machinery may start automatically. 

 Always ensure that you are clearly visible to people either working on or 

operating machinery.  Check by speaking to them. 

 Always read signage around machinery installations and operating areas 

and take them seriously. 

 When in proximity of mobile equipment, always assume that the operator 

cannot see you and stand in a position where the machine cannot reach 

you and does not travel as part of its normal operation. 

 

 

 

 Be aware of and avoid the path of movement of any machine as well as 

the pinch points of machines.  If at all in doubt, stay well away from the 

machine. 

 Always wear appropriate personal protective equipment when in 

proximity to machines.  Machines that cause sparks or chips require the 

use of glasses and gloves in addition to full body clothing.  Hot machines 

may require the use of thermal protective clothing.  Rotating parts would 

indicate the use of tighter-fitting garments and the avoidance of loose 

equipment. 

 Be aware of certain items of machinery that may contain stored energy in 

specific components such as springs (mechanical energy), accumulators 

and pipes (pressure energy), blow-off valves and radioactive sources 

such as weightometers.  The last is distinguishable by the radiation 

warning sign and must not be tampered with or opened under any 

circumstances. Items located above the ground have potential energy.  

Do not release any spring, rope or chain unless the release can be 

achieved in a controlled manner. 

Always ensure 

you can be 

seen by 

operator 
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 Never loosen the bolts on a coupling, remove a hose fitting or uncouple a 

hose unless you are sure the pipe is empty and that the supply cannot be 

switched back on by someone else.  Remember that many accidents 

occur simply because someone had assumed, incorrectly, that someone 

else had done something.  Check for yourself, and check again if you 

have left the work site. 

 Do not work or pass below any suspended object unless it is properly 

supported from below and only release such an object if it can be done in 

a controlled manner with proper tools and equipment.  

 Never stand in the path of a moving vehicle or in the direction in which it 

may travel.  

 Watch out for pinch points in the travel path of a vehicle. 

 Anticipate the runaway path of a vehicle and stand away from it. 

 Remember that an operator will seldom see below or above his normal 

line of sight. 

 Prevent inadvertent movement by chocking of a vehicle.  Do not rely on 

the gears or the brakes alone.  On inclines, stationary vehicles should be 

parked against the sidewall in a turned position (wheels turned towards 

the sidewall) so that they are not able to run away if the brakes or chocks 

fail. 

 Anticipate hot objects and do not touch them.  Exposed objects such as 

exhaust outlets are particularly hot! 

 Avoid standing on the return side of air passing over a vehicle as this will 

expose you to exhaust fumes and excessive heat. 

 

9.4.2 Specific precautions while travelling underground  

 

The following precautions to prevent machinery-related accidents are 

specific to travelling in a mine:  

 When you arrive at the mine, you would proceed to the change house to 

change into protective clothing.  You will proceed underground either by 

taking a lift down a vertical shaft in a cage, walking down a decline or 

being transported in a vehicle. 

 You will typically first encounter machinery when trying to gain entrance 

to the mine. Mines with shafts have busy bank areas with either cars on 

tracks loaded with material or pallets being moved by forklifts.  Stay away 

from these areas, walking and standing only in designated waiting 

places.  Do not walk between cars or loads and be aware of what is 

above you.  There is normally a designated waiting area close to the 

Banksman’s cabin. 
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 Put your hard hat on well before you get to the immediate area of the 

shaft or other entry to the mine and keep it on at all times. 

 

9.4.3 Travelling in the shaft cage 

 

 Bank areas are fitted with safety devices to prevent rolling stock or 

machines from inadvertently entering the shaft.  These are sometimes 

above the ground, but can also be concealed below the ground.  Take 

care not to stand in a hole or fall into a ‘tank trap’. 

 Only get into a cage when instructed to do so by the Banksman or 

Onsetter.  Always stand upright in the cage and do not allow any part of 

your body or clothing to be outside of the cage enclosure.  There are 

steel structures in shafts that are in very close proximity to the cage.  If 

anything protrudes from the cage it will be ripped off immediately. 

 You may have to wait in the cage for a short time while the door is 

closed.  It should be impossible for you to open the door from the inside, 

but in any event, do not attempt to do so.  The shaft personnel are 

following a strict procedure before allowing the cage to move, designed 

to ensure your safety.  Although you can’t open the cage from the inside, 

there are emergency-escape hatches fitted to all cages for use in 

emergencies.  So don’t worry, you aren’t trapped! 

 The cage will accelerate swiftly, reach a steady speed and then 

decelerate.  The cage will appear to be moving faster than it actually is, 

due to the closeness of steelwork in the shaft and the speed of the 

ventilation air.   

 Mine cages can be claustrophobic.  You will feel better if you turn your 

cap lamp on as soon as you enter the cage. 

 Do not engage in horseplay in the cage.  If the cage stops suddenly, you 

could be hurt because you are not standing firmly and vertically on your 

feet. 

 Do not exit the cage until shaft operations personnel have opened the 

door. 

 If you get out at the wrong level, notify the shaft operations personnel.  

They will instruct you on what to do.  Do not get back into the cage unless 

they instruct you to do so. 

 Most shaft stations are well guarded to prevent inadvertent access to the 

shaft itself but it is worth taking note of any gaps around the cage when 

getting in or out.  This is especially relevant at the entrance at floor level 

and on the sides.  Also be sure never to enter or exit a cage unless the 

person in charge has told you to do so.  While it may appear to you to be 
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safe, the cage could move suddenly due to release of energy contained 

in the rope. 

 Never open the shaft gates – there is always someone there who is 

designated to do this. 

 Exit the cage quickly and in an orderly fashion.  Do not wait at the shaft 

gates, but proceed immediately to your working place. 

 

9.4.4 Walking down a decline 

 

 If you are walking down a decline shaft, do so with your lamp on and 

always walk on the side that is demarcated for walking.   

 If the decline is equipped with a conveyor belt or winder, this will normally 

be on the opposite side, walk within the designated areas.   

 On some mines, where trackless equipment can travel in the same 

excavation as you, the walkway will normally be on the side where the 

driver/operator of equipment is seated.  This arrangement improves his 

field of vision. 

 If in a conveyor decline, stay away from the moving conveyor.  Never try 

and take anything off a moving conveyor.  There are specially designed 

pieces of equipment that can do this safely.   

 Rocks sometimes fall off conveyors, particularly on start up.  If you see 

that the conveyor is stationary and you hear a siren, bell or flashing light 

warning, expect the belt to start at any moment.   

 It is a good idea to stop walking and retreat to a safe place, watching the 

conveyor, until it has started and is running at full speed.  You will then 

be fully prepared should any rocks roll off the conveyor during start up. 

 Be wary at conveyor loading points where spillage could result in rocks 

falling to the ground and striking you.  Move quickly past such points to 

reduce your exposure to this risk.  The presence of loose rocks on the 

footwall is a good indicator of the existence of such dangers. 

 

9.4.5 Being driven in a vehicle  

 

 If you are driven down the mine in a vehicle, remain seated and use the 

seatbelt at all times.   

 Do not stick anything outside of the vehicle enclosure or let any part of 

your body or clothing protrude.  Sometimes vehicles are driven in very 

close proximity to the sidewall and may even touch the rock face.  
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9.5 Material Handling and Some General Precautions  

 

9.5.1 On surface 

 

You may find yourself directly or indirectly involved with the handling of 

materials and equipment either before you enter a mine, or during the course 

of your day.  The golden rules are not that different to those involving 

machinery, but would also include the following: 

 Do not pick up or move objects heavier than THE RECOMMENDED 

WEIGHT FOR YOUR GENDER AND AGE (refer to Table 9.1 as a guide) 

without help.  Help could consist of another person or a machine such as 

a forklift or an overhead crane. 

 

TABLE 9.1 - INTERNATIONAL LABOUR ORGANIZATION GUIDELINES 

FOR MANUAL MATERIAL HANDLING 

AGE (Yrs) MEN WOMEN 

18 - 20 23 kg 14 kg 

20 - 35 25 kg 15 kg 

35 - 50 21 kg 13 kg 

50+ 16 kg 10 kg 

 

 Only use purpose-designed cradles, hooks or slings to assist you.  

 Do not stand in close proximity to a machine or load when any movement 

is expected to commence.  If any adjustment is necessary, use a long 

hook or other special device for the purpose. 

 Never use levers to lift and manipulate objects unless you are trained to 

do so. 

 Ensure that all loads are stable and secure before moving anything, 

whether on the ground or on a movable object such as a flat car or 

bakkie. 

 Make sure that any object that is being loaded is properly secure.  For 

rolling stock, this means wedged with chocks.  For rubber-tyred vehicles, 

this means that the brakes are on and chocks are used at the tyres. 

 When using lifting equipment, check that you know the safe working load 

for the position and the distance for which it is being used.  Toppling of 

cranes is a common occurrence because of people ignoring this aspect.  

The further away from the crane or forklift the load is, the easier it is to 

fall over. 
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 When using slings, make sure you know the sling capacity and the mass 

of the object to be lifted.  When using multiple slings, ensure even 

loading and take special note of the included angle between slings.  If 

you do not know the load or do not know what angle is allowable, ask 

your supervisor or speak to someone who does know. 

 Use appropriate personal protective equipment during material handling.  

Gloves should always be worn when handing material of whatever form.  

These protect against slippage, splinters and small cuts and can even be 

quite effective in limiting damage to fingers from more serious injury.  

Goggles should be worn whenever there is small dusty material or brittle 

material around.  Hard hats are extremely important in protecting your 

head from damage by contact caused either by your own movement into 

some stationary object, or in the case of an object striking you on the 

head.  During material handling, the swinging end of a sling with a 

thimble fitted would kill a person should it strike them on the bare head.  

Make sure that you, and everyone else around you, wears a hard hat 

during slinging operations. 

 Beware of falling objects, or doing something that could cause something 

to fall.  Tie things down securely. 

 Never cut any tensioned rope or cable.  Always release the load first. 

 

9.5.2 Material handling underground 

 

All of the general precautions related to material handling given above are 

equally applicable to what happens underground, but there are also some 

Back injuries are a 

result of bad lifting 

technique 

Incorrect Correct 
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very important additional issues to consider for underground material 

handling: 

 Stations or platforms off the shaft are essentially created to be able to 

load and unload material. However, unlike on the surface where more 

space is available, things are crammed into a much smaller space.  

 Never walk between cars lined up on a station. 

 Never use your hands to couple or uncouple cars or to adjust couplings 

between cars.  Special hooks are provided for this purpose. 

 Never push a car on a station or on a level unless you know where it will 

go and at what speed it will move. 

 Never remove a chock or other object placed in a position to prevent 

something moving unless you are absolutely sure that there is no stored 

energy in the system that will cause the object to move. 

 When waiting on a station, be careful to stand well clear of the tracks if 

cage loading or unloading is being performed.  Cars can shoot out of a 

cage because of released energy in the winding rope and can either 

strike other cars at speed or can derail and fall over. 

 Be careful of any device (such as a winch, capstan winch or pusher) 

being used on a station or other area to move cars around.  Steel wire 

ropes can break and cause injury. 

 

Some mines have re-handling equipment on stations.  Material is off-loaded 

on the station footwall or held up on hooks suspended from overhead 

gantries or rails.  This material is then lowered on to empty cars which are 

kept on the level for transportation into the section.  Exercise the following 

precautions in these areas: 

 Do not walk under such suspended loads. 

 Do not sit or stand near such loads when they are being lowered on to 

cars. 

 

9.5.3 Transporting material  

 

 Long material such as pipes, long steel sections and drill steel can slide 

off or roll out from each other when stacked.  Secure these properly by 

solid sides or use special transport containers.  

 Take care to ensure that no material protrudes from the vehicle on to 

which it is loaded.  

 Abnormally heavy or bulky equipment must only be loaded or transported 

under the direction of specially trained personnel, normally Riggers.   

 Top-heavy loads may topple over when moved or lifted causing injury or 

damage.   
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 Take special care when loading on a slope.  Loading and lifting 

equipment are normally not designed to operate on slopes and strict 

limitations normally apply.  The risk of the machine slipping down the 

slope or toppling over during a lifting operation is increased greatly.  

Whenever possible, loading and unloading must be done on flat 

surfaces.  

 

It is particularly important to work out the area that you will need to conduct 

the task and to move all people not directly involved with the task out of this 

area.  If there are people who could inadvertently come into the area, you 

must warn them of the danger.  

 

9.6 Machinery Around the Shaft  

 

You may also encounter items of machinery such as electrical sub-stations, pumps 

and pressure reducing stations close to the shaft.  The following general precautions 

are relevant: 

 Do not enter any electrical sub-station unless accompanied by a competent 

person.  Take note of all the signage.  

 Pump stations, even small ones, should be treated with care, as pumps normally 

start automatically, causing them to jerk or rotate and they quickly develop a 

strong suction at their inlets.   

 Never try to unblock a pump’s inlet, even in a small sump, while the pump is 

operating.  Do not try to do this even if the pump is stopped, unless you are sure 

that it has been properly locked out. 

 Pressure reducing stations are sometimes installed close to the shaft stations 

and serve to reduce the high pressures that have built up in water columns, in 

order to lower pressures to make them suitable for reticulation underground.  

Any water leak at high pressure can be very dangerous.   

 Treat pressure reducing stations as you would an electrical sub-station.  Don’t 

operate or interfere with any of the valves unless you have been trained to do 

so. 

 Some stations have demarcated waiting places and walkways to separate 

people from rolling stock or other movable equipment that is parked.  Most do 

not.  When walking past parked equipment, take care not to get injured by any of 

the cargo that may protrude, or on sharp edges of the equipment itself.  Never 

get between railcars, even for short periods of time, as any movement could 

result in you being crushed.   
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9.7 Tipping Points 

 

Tips are often located close to the shaft stations.  Tips allow rock to flow down 

through an ore pass to loading arrangements at the shaft bottom.  A tip is normally 

guarded by a movable boom to allow either train or truck access but they are 

seldom covered completely.  However, this is sometimes the case, particularly on 

massive ore body mines that use bulk mining methods.  Never cross the tip within 

the demarcated area, nor lean over the barriers or on to the tipping mechanisms 

themselves.  Dangers include movement of the mechanism itself causing loss of 

balance or pinching and subsequent falling into the ore pass. 

 

9.8 Drain Holes 

 

Another potential hazard around stations is the so-called annex or drain holes.  

These are part of the mine’s water circuit and are used to allow water that has been 

captured on a level to be routed to pump stations below that level.  Normally, a level 

drain terminates in a sump situated at the side of the haulage and a perforated steel 

cap is placed over a hole that connects the sump to the level below.  These should 

be guarded by mesh screens and hand railing, but many accidents have occurred 

when people have tried to unblock the entrance to the hole while water is still 

running.  There are huge suction forces at the entrance to such holes, sufficient to 

pull a person or a limb into the hole.  Once this has happened, it is very difficult to 

extract the limb because of the pent up suction below.  Only trained people should 

attempt to unblock an annex hole and they should only use the special tools and 

procedures provided for that purpose. 

 

9.9 Haulage Services 

 

 A variety of water and air pipes is normally installed in haulages.  There is often 

no way for anyone other than a trained artisan to be able to distinguish one type 

of pipes from another.  If a high pressure water pipe is breached, then the jet of 

water that issues from it can be extremely dangerous.  A high pressure water jet 

can cut a person in half.  Do not interfere with pipes in a haulage or with any of 

the valves attached to them, unless you are sure that you know what you are 

doing. 

 If you are a trained person who is working on a high pressure water reticulation 

system, you will have taken precautions to isolate and drain the pipe of pressure 

before working on it.  Remember that if you leave the workplace for any length of 

time, the upstream valve that you have used to isolate the section that you are 

working on could leak slowly and pressure could then build up over a period of 



 

 

160 

time.  Always re-check that there is no pressure in the pipe, before starting to 

work again. 

 

 

You may also come across one or more of the following machinery or 

material handling installations that require specific mention: 

 

9.10 Chairlifts 

 

A chairlift is a device that is used to transport people in mines, usually on inclines, 

but sometimes also horizontally.  You gain access to the device by climbing on to a 

moving “chair” attached to an endless steel wire rope and get off by putting your feet 

down and standing up off the chair again. Normally, the only training that you will get 

is by watching the person in front of you, so some precautions are necessary: 

 Watch an experienced person in front and try to copy his or her technique in 

stepping up to the chair, taking hold of the upright and swinging one leg over the 

seat. 

 Secure all loose clothing and objects before getting on to the chair.  If you have 

a bag, most chairs have a hook on the upright to hang it on. 

 Be careful to note the height of the upright, so that you do not put your fingers 

into the roller mechanisms that the chair passes over.   Keep your hands 

immediately in front of you. 

 Stabilize the chair immediately by dragging your feet alongside, then put your 

feet on the rest provided and sit still. 

 If the device stops at any point other than a station, stay on it until told it is safe 

to get off.  The lift can start at any time again. 

Do not drink from 

haulage pipes. 

Do not tamper with 

valves. 
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 Do not put out your hand or any other part of your body to touch anything.  The 

device is very strong and will easily rip you from the chair if you become fouled 

to or entangled with part of the excavation. 

 

9.11 Small Hoist Inclines 

 

Small hoist inclines are normally dedicated material handling installations installed 

close to the workings of the mine and are used to transport materials between levels 

or to hoist rock over short distances.  They are normally not licensed to transport 

people and it is unsafe to travel on them. 

 

The major hazards associated with such installations are material handling-related 

at the loading and unloading points, derailments of conveyances or runaways 

caused by breakage of the winding rope.  The following guidelines are useful for 

avoiding these hazards: 

 All of the precautions mentioned above for material handling are relevant. 

 Take special care at the top of the incline where cars are moved around, 

connected or disconnected from the rope. 

 Do not stand on the rope if it is lying on the floor, or anywhere between the hoist 

and the top of the shaft.  

 Never enter the shaft or stand on the rails at the stations. In the event of a 

runaway occurring, a conveyance could exit the station at high speed. 

 Only walk down or up the shaft excavation if either the hoist is stopped or if there 

is a dedicated barricaded walkway provided. 

 Never ride on any conveyance unless the hoist and conveyance are especially 

licensed for that purpose. 

 If it is part of your job to do so, always ensure that conveyances are not 

overloaded, whether with material or rock. 

 

9.12 Machinery in the Working Areas 

 

The following general precautions are applicable to machinery in the working areas: 

 On mines fitted with rail track systems, people will normally walk to their working 

places in the same tunnel as is used by trains.  In such instances, always walk 

on the demarcated travelling way side as this is designed to have enough room 

for trains and people to pass, when the people are standing still.  If a train 

approaches while you are walking, assess where there is a localized wider spot 

and stand there until the train has passed.  Make sure that the driver can see 

you by having your light on, but do not shine this directly into his or her face.  Be 

particularly careful at rail switches where the majority of derailments occur.  Do 
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not stand near a switch while trains are moving and never cross the track either 

in front of the train or between any of its wagons.  Avoid standing inside the 

tracks if there are any trains or cars in the vicinity.  Stationary rolling stock could 

move or be struck by some other car in the distance causing it to move in your 

direction. 

 On some mines, a considerable amount of hand tramming of material may be 

encountered in a haulage.  This is usually not planned, but is as a result of 

breakdowns or a need to transport objects that are too large for transport in 

normal material cars.  Typical of this are long material and steel plates.  While 

mines have individual standards that normally include a person walking along in 

front with a warning light, this may sometimes not be the case and you could be 

struck by such a car if not careful.  Stay vigilant to the possibility of moving cars 

that are not attached to locomotives. 

 Axial flow fans may be encountered in haulages and in some instances, ground-

positioned blowers.  These are normally installed in a pipe and are more of a 

noise hazard than a direct danger.  However, noise is a hazard for two reasons: 

temporary loss of hearing and the ability to think clearly (and therefore work 

safely), and long-term hearing loss.  Like excessive exposure to heat, high noise 

levels interfere with good safety judgement.  Wear hearing protection at such 

places.  Ground-mounted blowers or air movers are often used in room and 

pillar mining operations to blow air directly on to the mining face.  The most 

immediate danger associated with them is the drawing in of part of a person’s 

clothing or the ejection of a small object as a missile in the direction of air travel.  

Do not stand close to such installations. 

 Some mines use cooling cars to cool air down close to the workings.  Some of 

these are operated with high pressure water which is circulated through air-

cooling coils.  The water used is at high pressure and could cause severe injury.  

Do not interfere with or work on cooling cars, unless you have been properly 

trained to do so.  

 Although against the law, people sometimes wrap their clothing around their 

waist to keep cool and in so doing, end up with a wider-than-normal waist and 

loose dangling sleeves.  Do not do this.  Any part of this clothing is easily caught 

up by rotating objects such as drill steel and drifters. 

 

The following specific items of equipment may be found in the workings and 

could present a hazard: 
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9.12.1 Mono-rope installat ions 

 

A mono-rope is an endless rope device normally used to transport 

components and materials into stopes.  It is also used for larger scale 

duties in inclines.   

 

 The steel wire rope of the mono winch is suspended along its 

path using pulleys.  The pulleys are unguarded and are a hazard 

because people and objects can be caught between the pulley and 

the rope.  Keep fingers and clothes away from pulley installations. 

 

 

 The steel wire rope is under tension when operating.  If the rope gets 

hooked on something it may be put under higher tension that may 

cause the rope to break.  This may be hazardous to anyone in the 

vicinity of the breakage.  Avoid travelling next to a mono-rope when it 

is in use. 

 When loading the rope, gloves must be worn.  Take care to check 

that there are no broken wires that can foul or entangle things and 

pull them in.  

 When travelling in close proximity to a mono-rope installation or when 

sitting near its path, take care not to be struck by suspended material 

travelling past. 

Stay clear of  

mono-rope  

installations. 

Never touch the 

rope even when 

stationary 
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9.12.2 Scraper-winches 

 

Scraper-winches are used predominantly to move rock in gullys in 

stopes or in special applications to support development, raising or 

winzing operations.  They are sometimes also used to drag material 

to the point of use in stopes. 

 

The basic operation is that a rope is looped around a pulley on the 

opposite end to which the winch is installed and is connected to two 

drums in such a way that when one pulls the rope in, the other lets 

the rope out.  In this way, anything connected between the two ropes 

is drawn back and forth along the path of the rope. 

 

You should be aware of the following: 

 The steel wire rope pulling the scraper is under varying tension 

and can whip about violently.  This can cause severe injury and 

people must not travel or loiter in the path of the scraper rope.   

 If you must cross the path of operation, do so only when the 

operator is aware of your intention and has indicated this to you. 

 Be aware that the natural termination point for the scraper is an 

ore pass that may not be protected by a grizzley or any lifelines.  

Do not pass over or around an open ore pass. 

 Never travel in the scraper scoop. 

 

9.12.3 High pressure water jetting  

 

Water jetting is sometimes used to move rock in mines.  It may be the 

only method or it may be used in conjunction with scrapers.  Where 

water jetting is in progress: 

 Stay out of the path of the water jet. 

 Do not look towards the area where water jetting is in progress.  

Water jetting propels small rocks that can cut or enter the eye.  

Wear eye protection. 

 Be aware that close contact with water jetting can cause severe 

injury due to the high pressure.  A limb can easily be severed. 

 Do not tamper with any of the pipes, valves or supports used with 

water jetting unless trained to do so.  Components have stored 

energy within. 
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 Watch out for accumulations of water behind walls, barriers or in 

ore passes, as these may breach suddenly causing a mud rush.  

Stay well clear of such places and report any seen to the 

responsible supervisor.  

 

9.12.4 Conveyor belts  

 

Conveyor belt installations are potentially dangerous.  You can avoid 

these hazards by abiding by the following general rules: 

 The most important rule is to keep well clear of moving 

conveyors.  In some mines, such as narrow reef mines equipped 

with strike conveyors, you may be required to walk in close 

proximity to the conveyor.  Do so with care.  Make sure that you 

have no excessively loose clothing, ropes, clothes or lanyards 

that may be drawn into a moving part of the conveyor or be blown 

there by the ventilation stream.  Also be vigilant for the dangers of 

slipping and falling.  Move slowly and anticipate danger. 

 Be particularly careful where ventilating air enters the excavation 

as a strong sideways blast may exist.  This could easily blow your 

hard hat from your head.  This may enter a moving part of a 

machine and draw you in via the cap lamp cord!   

 Take particular care if you need to climb over spillage near a 

conveyor or to cross a conveyor while it is in motion.  Only cross 

where specially constructed crossing points have been provided.   

 Never ride on a conveyor unless it has been designed as a man-

riding conveyor and you have been specially trained.  
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 A common cause of accidents related to conveyors is a person 

being drawn into a pinch point between the belt itself and a pulley, 

normally the head or snub pulley at the front, or the tail pulley at 

the rear.  Conveyor drives must have safety guards.  Avoid this 

hazard entirely by staying well clear of a moving conveyor.  In 

particular, don’t adjust or inspect a conveyor or any of its 

components, or clean spillage away from around the conveyor 

with a spade or any other implement, while it is moving. 

     

 

 

 

Only ride conveyors 

specially designed 

for that purpose 

Guarded 

conveyor 

drive 
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9.12.5 Crushers and mills 

 

Crushing and screening plants have four main hazards associated 

with them.  They are as follows: 

 Noise. 

 Dust. 

 Moving parts. 

 Rocks. 

 

Noise 

Noise induced hearing loss is a huge health and safety hazard in the 

mining industry.  The interaction between the rock and metallic parts 

of crushers and mills are a significant source of harmful noise levels 

(above 85 dBA).  It is imperative to use appropriate hearing protection 

devices.  (These are discussed fully in Chapter 12 of this book and 

Chapter 15 of the SIMRAC Handbook of Occupational Practice in the 

South African Mining Industry). 

 

Dust 

Dust is always going to be emitted where there is crushing and 

screening.  Appropriate dust masks must be used in such areas, 

which are usually demarcated by signs as dust areas and therefore 

compulsory mask wearing areas.  Milling processes are normally wet 

processes, and therefore dust generation and emission are not 

significant.  (Chapter 15 of the SIMRAC Handbook of Occupational 

Practice in the South African Mining Industry must be referred to for 

further advice on the selection and use of dust masks). 

 

Moving parts 

There are electric motors, pulleys, flywheels, jaws and gears that are 

in motion during the operation of crushers and mills.  Appropriately 

designed guards should cover these, such that persons may not 

inadvertently or otherwise be caught up in these parts. 

 

Rocks 

Occasionally, rocks are “spat” out of the jaws of jaw crushers, 

especially if the aperture is incorrectly adjusted for the size of feed 

coming in or the swing jaw is incorrectly inclined or warn.  The best 

action is to ensure that the “throughs” opening in correctly adjusted 

and the swing jaw is correctly mounted to avoid slippage of the rock 
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from the grip of the jaws.  A heavy wire mesh guard is normally 

installed over the feed opening of the machine to catch any fly rocks, 

as an additional measure against this hazard. 

 

9.13 Moving Machines 

 

Trackless or mechanized mines have a large variety of different standard and 

custom-made equipment that move about.  Loaders (LHDs), trucks, shuttle-cars, 

utility vehicles, bakkies, four wheelers, drill rigs and charging up rigs are some of 

these.  The golden rules remain similar to those for all other machinery: 

 Stand in a safe position and keep visible.  Reflective clothing and wearing a cap 

lamp on the head are vital. 

 Ensure that you understand where the vehicle is likely to go and stay clear of its 

route. 

 Expect the unexpected!  Stand in a place where the vehicle cannot go. 

 Do not pass between a stationary machine and the sidewall unless the operator 

is aware that you are going to do so and has acknowledged it.  Unlike most 

surface vehicles, many underground vehicles are articulated and can move 

sideways whilst still not moving forward or backwards!  This can crush or pinch 

you! 

 Stand well clear of machines when they are drilling.  There are unguarded 

rotating parts and the head will regularly be withdrawn and turned to provide a 

new drill stem. 

 Never climb on a machine or into any part of a machine unless you are 

specifically trained in the task you are required to do. 

 Do not pass under any machine that may have been jacked up or otherwise 

elevated. 

 

In surface mines, the usual method of transporting minerals from the working face is 

by truck, although in some cases, load-haul dump (LHD) machines are used, for 

instance in dimension stone mining.  Belt conveying systems are the norm for 

transporting mineral from the primary crusher and from the loaders used in sand 

and gravel pits. Additionally, hydraulic conveying or pumping is often used in sand, 

gravel and clay and mineral sands mining. 

 

Large haul trucks have limited visibility, so pedestrian workers or even small 

vehicles are not visible to the truck driver when close to it.  If you can’t see the driver 

– he can’t see you.  Always approach trucks from the front driver’s side.  When in a 

small vehicle on a mine, use a buggy whip and strobe light. 
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The main hazards arising from the use of large earth-moving vehicles are 

incompetent drivers, brake failure, lack of all-around visibility from the driver’s 

position, unsafe access to the cab (due to inappropriate ergonomics), vehicle 

movements (particularly reversing), roll over (especially at dump edge), vibration, 

noise, dust and ineffective maintenance.  Those most at risk are the driver and 

workers likely to be struck by the vehicle and drivers of smaller vehicles which 

cannot be seen from the cabs of large vehicles. 

 

Edge protection is always necessary to prevent inadvertent movement over the 

edge of a roadway, a bench or into a crusher or hopper.  This is especially important 

at dump sites where the truck will reverse to the edge of a dump to tip.  Berms or 

loose material piled up at the side of a road are often used to protect the edge of a 

bench.  Whilst they will not stop a truck, they will give some warning of a problem. 

 

Brake failure often leads to serious transport accidents, especially where trucks run 

down a steep grade into the pit.  Grades should be limited to 10 per cent and 

median berms used to assist stopping runaway trucks.  Good maintenance and 

regular testing are necessary to reduce the possibility of brake failure.  An area 

should be set out as a testing area where daily tests are carried out on the 

effectiveness of a vehicle’s braking system. 

 

The risk of drivers falling as they gain access to and exit from cabs can largely be 

eliminated by the provision and maintenance of good access to the cabs and other 

parts of large vehicles where access is necessary.  Any working platform on the 

vehicle should be suitably protected by outer edge rails.  Wheel rim step plates are 

often the cause of accidents, especially when they are wet or covered with mud. 

 

The cabs themselves should have roll-over protection (ROPS) so that in the case of 

an accident, the operator has some protection inside the cab.  Also take note of 

what could happen if trucks run into each other, especially from the back.  The load-

bed is often at cab height and would crush a driver if he ran into a truck parked in 

front. 

 

9.14 Outcomes 

 

You have learnt about how to interact safely with machinery in the underground and 

surface environment of a mine.  The most important action that you can take to 

avoid machinery accidents is to “Take time to think; take care to act”.  Think about 

what could go wrong, and then act on your thoughts. 
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CHAPTER 10 

 

10 ELECTRICITY AND ELECTRICAL INSTALLATIONS 

 

OBJECTIVE 

 

The purpose of this chapter is not to equip the reader with the skills required to work on 

electrical equipment, but rather to highlight and assist the reader to identify the most 

common (unsafe conditions) hazards and risks   related to electrical equipment in mines 

and to provide practical guidance on how to avoid accidents that are related to electricity. 

 

Chapter Author:  GJ Oberholzer 

Johan Oberholzer holds the degree of BSc(Eng)(Electrical), and has 24 years experience in 

industrial electrical engineering of which 12 years has been in the mining industry.  His 

experience ranges from junior engineer to engineering manager in the mining industry, to 

electrical consulting engineer, involved in the design and construction of medium voltage 

reticulation systems for commercial, surface and underground mining, control and 

instrumentation and low and medium voltage installations for industrial installations 

covering mining plant, pumping installations and industrial plants.  Johan is a Professional 

Engineer, holds a Government Certificate of Competency for Mines and Works, and is a 

senior member of the South African Institute of Electrical Engineers. 
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Energy 

 

K H H Reading is an independent consulting electrical engineer with vast mining 
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  Glossary 

 

Cable impedance: The combination of resistance, capacitance and inductance in a cable 

reducing the flow of current. 

Conductor: Any material that will conduct an electrical current.  Examples are metals,  

water, earth, concrete and the human body. 

Current:   The flow of electric charge through a conductor. Measured in ampere (A) or kilo-

ampere (kA). 

Earth fault current: A current that flows when a conductor is faulted to earth. 

Earth leakage current:   A current (normally very small) that flows to earth in an unfaulted 

circuit.  Measured in milli-ampere (mA). 

Electrocution:   Exposure to a high enough voltage that it causes sufficient current to flow 

through the body resulting in injury or death.  Severe burning of and damage to the body of 

the person may also be evident. 

Fault current:   A current that flows to earth when a conductor is faulted to earth . 

Fault level:   The fault level is the maximum current that will flow when a conductor is 

shorted to earth or to other conductors with different potentials. 

Insulation:   Is a material that resists the flow of a current. Insulating materials are used to 

coat copper conducting wires to protect humans from coming into contact with the 

electricity flowing through the conductors., examples of insulation are PVC and XLPE. 

Live/Alive:   A condition where a potential exists on a device, conductor or machine.  

MCC: Motor Control Centre 

NEC: Neutral earthing compensator 

NER: Neutral earthing resistor 

Overload current: A current that exceeds the rated current of a device. 

PVC: Polyvinyl chloride 

SWA: Steel wire armoured 

Voltage:   The electrical potential that exists between two live conductors, or between a live 

conductor and earth, typically expressed in volt (V) if less than 1 000 Volt and kilovolt (kV) 

above 1 000 Volt.  Just as there is pressure in a water or compressed air pipe, even with no 

water or air flowing, there is voltage or potential at a starter or a cable. 

XLPE:   Cross-linked polyethylene  
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10.1 Introduction: Primary Rules of Electrical Safety  

 

The fundamental principles of electrical safety in mines can be summarized as 

follows: 

 Due to the fact that electricity cannot easily be detected by smell, sight or 

hearing, it is important to consider all electrical equipment as live at all times.  

 Only properly trained and authorized people should work on electrical 

equipment. 

 Always apply “lockout” principals when cleaning , checking or working on 

electrically powered equipment.  

 If you are not authorised and trained in electrical work - leave it alone! 

 Remember that electricity can kill! 

 

The more common generic types of equipment that are found in mines are 

described in the sections that follow, and the potential hazards and safety issues 

related to such equipment are presented. 

 

10.2 Electric Cables 

 

Electric cables are the conductors that carry electrical current from a feeding device, 

such as a switchboard or starter panel, to a load, such as an electric motor.  The 

most common low voltage (110V, 230V, 380V, 525V and sometimes up to  

3.3 kV) cables used are PVC insulated, single wire armoured (SWA) and PVC 

covered cables.  These cables are usually marked with a red, blue or white stripe on 

the outer sheath.  The stripe indicates the flammability of the cable, with blue and 

white stripe cable being the best for underground use.  Medium voltage cables from 

3.3 kV upwards are normally paper insulated lead covered or XLPE type cables. 

 

The most common risks associated with electric cables are discussed below. 

 

10.2.1 Fires 

 

These are caused by a number of factors, the most common being: 

 Overloaded cables.  Should the cable be undersized or under-

rated in terms of its current carrying capacity, the cable will 

overheat which may result in the cable insulation failing and the 

cable burning. 

 Multiple bundled cables.  This is where a large number of cables 

are installed in close proximity to each other, thereby reducing the 
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natural cooling capability.  Although the individual cable current 

carrying capacity may be adequate, the reduced cooling caused 

by the number of cables requires that the cable current carrying 

capacity be reduced and a larger cable may be required.  Should 

the cables not be derated, possible failure and fires may result. 

 Incorrect protection device selection.  If the protection device 

selection is such that the protection provided is too coarse for the 

cable in question, the cable is exposed to a long period of fault 

duration, during which failures of the cable and fire may result.  

 Protection device inoperative.  If the protection device has been 

bypassed, the cable has no fault protection, failures of the cable 

and fires may result. 

 Damaged (Figure 10.1), kinked or pinched cables.  These may 

result in localized heating and failure of the cable.  The damage 

often occurs due to blasting, friction (for example being cut by 

scraper ropes) or abrasion. 

 System fault level/cable mismatch.  Electric cables are limited in 

the fault current that they can withstand for a given period.  This is 

particularly true in the case of trailing cables with a very low level 

of earth fault current withstand capacity (typically a few ampere to 

around 25 ampere).  Incorrect rating may result in current 

exceeding the capacity of the faulted element resulting in failure 

and possible cable fire. 

 

 

FIGURE 10.1 - DAMAGED CABLE 

 

Look out for damaged 

cables and replace them 

immediately. 
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10.2.2 Electrocution 

 

This occurs when the human body becomes part of the electrical 

circuit.  This can result from touching or handling live cables.  

Conditions conducive to injury may exist where: 

 Cables are damaged and live parts are exposed to touch (Figure 

10.2). 

 Cables enter or exit electrical equipment and the terminals are 

exposed to touch. 

 Cables lying in or under water may result in a condition where the 

leakage current from the cable elevates the potential of the water 

to dangerous levels and a person coming into contact with the 

water could suffer injury.  This is particularly important to note in 

the case where trailing cables are used for electrically powered 

mobile machines. 

 There may be incorrect protective device selection or set value.  

Where very long cables are used, the current that will flow under 

fault conditions is limited by the cable impedance to a value less 

than the protective device set point or tripping value, resulting in 

the protective device not operating under fault conditions. 

 There may be incorrect or missing protective devices.  Where 

these devices are bypassed, removed, disabled or simply not 

installed, a fault on the cable will not be detected which may result 

in other conducting materials or structures such as steelwork 

becoming live and dangerous to touch. 

 When an unauthorised person attempts to open or remove a 

cover on switchgear, motor etc to work or reset protective devices 

 There may be cutting of cables (Figure 10.3).  Cutting of live 

cables must never be attempted as this could result in serious 

injury. 

 



 

 

176 

 

FIGURE 10.2 - CABLE WITH LIVE PARTS EXPOSED 

 

 

FIGURE 10.3 - CUTTING OF LIVE CABLES MUST NEVER BE ATTEMPTED 

 

 There may be fire.  Never use water in an attempt to extinguish a 

burning cable. 

 Washing or hosing down of electrical equipment is being 

attempted, unless the equipment is especially designed to 

operate under such conditions. 

 An authorized person fails to ensure that the equipment is 

isolated and locked out prior to working on the equipment or 

cable.  

 

Do not touch or handle 

live electrical cables! 

Do not cut 

live cable! 
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10.2.3 Gassing and asphyxiation 

 

 All electrical cables generate smoke and poisonous gases when 

burning. 

 In underground applications, it is common practice to use a low 

halogen type cable identified with a blue stripe running the length 

of the cable or a non halogen cable identified with a white stripe.  

The use of standard cable, identified with a red stripe, is not 

recommended. 

 Cables should not be installed in intake airways where smoke and 

gases can be distributed to the workings. 

 Cables installed in a vertical excavation should (where possible) 

be sealed off to prevent a chimney effect. 

 

10.2.4 Damage to equipment 

 

As the forces exerted on cables and equipment during fault 

conditions can be extremely high and destructive, it is very important 

that cables, in particular single core cables, be adequately restrained 

by clamping or some other means to restrict their movement during 

fault conditions.  All cables must also by ended off with a suitable 

gland to provide mechanical support of the cable.  Omitting to do this 

may result in damage to the equipment due to the forces exerted on 

the cables. 

 

10.3 Switchgear and Protective Devices  

 

The purpose of protective devices on electrical systems is to protect persons and 

equipment from dangerous conditions that arise when an electrical fault condition 

exists on an electrical system.  Voltages range from low voltages (typically 50V to  

1 000V) to medium voltages (typically 3.3 kV to 22 kV) to high voltages (typically  

33 kV upwards). 

 

There are a large number of protection devices and a discussion of all of them is 

outside the scope of this handbook, thus the most common protective devices that 

must be installed as a minimum requirement are discussed.  These devices are, in 

most cases, used in combination. 
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10.3.1 Over current protection 

 

This type of protection safeguards against overload conditions and 

must be set according to the requirements of the load.  Too coarse a 

protection will result in failure of the equipment.  Typical applications 

are the protection of electric motors against overloading and 

transformers used to supply many consumers of energy. 

 

10.3.2 Short circuit protection 

 

This type of protection safeguards the supply system, generators, 

transformers and cables against the high short circuit currents that 

may result in equipment failure if the short circuit persists for an 

extended period.  This provides protection for faults between the 

phases of the electrical system. 

 

10.3.3 Earth fault  protection 

 

Earth fault protection provides short circuit protection for faults 

between the phase(s) of the electrical system and earth. 

 

10.3.4 Earth leakage protection 

 

The above types of protection mainly safeguard equipment in the 

event of a fault condition and the currents involved are typically very 

high (hundreds to thousands of amperes).  In addition, these currents 

exist for a period of time before the protection operates, this being as 

a result of the requirement for system stability during fault conditions 

and the tripping of the correct protective device to minimize nuisance 

tripping.  

 

In contrast, earth leakage protection operates at very low currents 

(typically 30 mA to 1 A) and very high speed.  The main purpose is to 

protect persons against faulted equipment. 

 

10.3.5 Trailing cable pilot wire protection  

 

Where mobile electric machines are supplied by cable, the correct 

type of trailing cable must be used.  As this cable is normally joined 
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together by special couplers, pilot wire protection devices are used to 

ensure earth continuity between the point of supply and the load, and 

to trip the supply safely should a coupler be decoupled while under 

load. 

 

10.3.6 Selection and installation of protective devices  

 

The above is not an exhaustive list of protective devices but should 

be the absolute minimum installed.  The setting of protective devices 

must be carried out by trained persons after a complete system study 

has been undertaken to determine fault levels and system 

parameters.  

 

Protective devices must be installed in suitable enclosures, these 

being motor control centres (MCCs), distribution boxes and gulley 

boxes.  The enclosure is subjected to a fault level value that is 

dependent on the system supplying the enclosure.  Therefore, the 

enclosure and the protective equipment must also be rated for the 

expected fault level at the terminals of the device.  A common error in 

replacing failed equipment is to use replacement equipment with a 

rating lower than the expected fault current.  Subsequently, when the 

underrated equipment is subjected to fault conditions, the device fails, 

with resultant damage to the equipment. 

 

Enclosures must be environmentally rated for the application and 

access must be limited to competent personnel. 

 

10.3.7 Common hazards associated with switchgear and 

 equipment 

 

 Explosions.  All switchgear with a voltage of 3.3 kV and higher 

should preferably be switched remotely.  Especially in the case of 

the older generation oil-filled indoor switchgear, it is imperative to 

change or purify the oil after a number of operations at load 

switching and definitely after operation during a fault.  Good record 

keeping of operations and maintenance cannot be over-

emphasized. 

 Electrocution and flashes.  Incorrectly rated equipment, especially 

with regard to fault level, can result in disastrous failures when the 

equipment is required to operate under fault conditions.  Working 

on live equipment while assuming equipment is switched off is a 
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common occurrence and may be ascribed to a lack of information, 

incorrect information and drawings, bravado or ignoring operating 

procedures. 

 Fires.  Incorrectly rated or adjusted protective devices may result 

in equipment overload and subsequent overheating which may 

result in the ignition of the equipment.  The practice of supplying 

two or more loads from one protection device will not protect an 

individual load in the group from an overload condition and is 

potentially a source of a component failure and subsequent fire.  

This is especially important where this practice relates to 

transformers. 

 

General safety principles related to protective devices are: 

 Do not interfere with protective devices. 

 Do not disconnect or remove protective devices. 

 Ensure that protective devices are operational and are tested 

regularly in accordance with a written procedure. 

 Use correctly rated equipment for the fault level. 

 Restrict access to electrical equipment. 

 Ensure correct switching. 

 Maintain all equipment. 

 

10.4 Transformers 

 

The function of a transformer is to convert a high voltage (typically 33 kV, 22 kV, 11 

kV, 6.6 kV and 3.3 kV) to a lower voltage (typically 6.6 kV, 3.3 kV, 1000V, 550V or 

380V and lower).  Other voltages are also used but the higher voltages are normally 

distribution voltages. 

 

Two types of transformer construction are normally encountered in the mining 

industry, these being oil-filled and dry type transformers. 
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FIGURE 10.4 - OIL-FILLED TRANSFORMER 

 

 

10.4.1 Common hazards associated with transformers  

 

 Fire and explosion.  Heavy fault conditions, such as short circuits, 

in the circuit fed by a transformer may cause faults inside the 

transformer, which may give rise to the rupturing of the 

transformer tank and subsequent fire or explosion (Figure 10.4).  

Protective devices and schemes are available to detect some of 

the fault conditions.  However, should such a rupture take place, it 

is imperative to contain the oil spill and limit the probability of a 

fire by using a bunded area of sufficient volume to contain the 

total transformer oil volume.  The bunded area must also be filled 

with graded crushed stone to provide a soak pit for the oil and 

thereby limit the oxygen available for combustion.  Ensure that the 

enclosure around the transformer is of such a construction to 

allow fire-fighting to be applied effectively without impediment.  

The placement of transformers must also be considered to 

minimize the risk of smoke and combustion products spreading to 

working areas through ventilation systems.  

 Exposure to live parts.  Some transformers are fitted with open 

bushings that may or may not be covered or taped up to prevent 
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contact.  All transformers must be enclosed by suitable fencing or 

other means to prevent unauthorized access. 

 Pollution.  The spillage of oil poses a major environmental hazard 

and the measures recommended above will also address this 

issue. 

 

10.4.2 Earthing and bonding 

 

The purpose of earthing and bonding systems is primarily to ensure 

that electrical equipment or metallic structures are not raised to 

dangerously high voltages during a fault condition by providing a low 

impedance current path for the fault current to flow.  Should such an 

elevated voltage be allowed to exist and a person touches the live 

metallic part, sufficient current may flow through the individual to 

result in electrocution. 

 

All electrical equipment must be earthed using various earthing 

systems to reduce the touch potentials during fault conditions. 

 

All metallic structures and equipment that may come into contact with 

live conductors or faulty electrical equipment must be electrically 

bonded together and ultimately connected to the earthing system. 

 

Ensure that the following minimum exists: 

 An earthing and bonding standard exists and is applied. 

 Earthing systems are in good condition and are regularly tested 

and inspected. 

 

The following must be considered where neutral earthing resistors 

(NERs) or compensators (NECs) are used to reduce earth fault 

current level: 

 The NER/NEC must remain in circuit at all times.  Failure of the 

NER/NEC could lead to dangerous over voltages in the system 

resulting in failure of the equipment and danger to people. 

 If the NER/NEC is inoperative, it may lead to the failure of the 

protective equipment to operate as designed.  Injury or death may 

result. 

 

10.5 Hand-Held Equipment 
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The use and operation of hand-held power electrical equipment is normally covered 

by training and operating procedures on a mine.  The most common hazards and 

safety issues are addressed as follows: 

 Ensure that the body or casing of the equipment is not damaged in any way.  

Exposure to live parts may occur where the equipment is damaged. 

 Ensure that the power cord or lead to the equipment is not damaged or repaired 

in any way.  Always replace a damaged cord or lead in its entirety. 

 Ensure that the plug or socket connecting the equipment to the power system is 

not damaged in any way and that the correct plug or socket is used. 

 Ensure that the equipment is correctly earthed if required.  Intrinsically safe 

equipment that normally does not require earthing must be identified by two 

concentric squares. 

 Do not work in or near water or liquids with electrically powered hand-held 

equipment.  Electrocution may result. 

 Ensure that the “power on” locking or latching facility found on most electrical 

hand-held equipment is released when the power is removed from the 

equipment.  This prevents accidental starting which results in uncontrolled 

movement of the equipment, when power is restored.  On some mines, a 

standard procedure has been introduced whereby the latching or locking facility 

must be permanently removed from the equipment before its use is authorized. 

Drills and grinders are particularly hazardous when starting uncontrolled. 

 Equipment must be regularly tested and inspected by qualified persons trained 

in these aspects. 

 

10.6 Overhead Lines 

 

Overhead power lines exist on most mines in various forms, ranging from single 

wood pole structures, to pylons.  The conductors are normally uninsulated, with the 

exception of bundled aerial conductors which are PVC insulated.  They also exist 

underground in mines where electric locomotives (other than those that use battery 

power) are in use. 

 

Major electrocution or severe injury hazards related to overhead lines should be 

noted and prevented by the following guidelines: 

 Do not climb on structures.  Touching live conductors will result in injury. 

 Do not hose down or wash live overhead lines.  The water will act as a 

conductor and the person holding the hose may be exposed to a possibly lethal 

current. 

 When a vehicle, especially a rubber-tyred vehicle, is touching line conductors, 

the driver must not attempt to exit the vehicle and no person must attempt to 

climb on to or touch the vehicle before the power has been removed from the 
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overhead line.  The rubber tyres serve as an insulator and a person 

simultaneously touching the metal work of the vehicle and the ground may be 

exposed to a possibly fatal current flowing through the person from the metal 

work to the ground.  Visual height indication to vehicle drivers of overhead power 

lines may minimize the risk of a vehicle touching line conductors. 

 Broken conductors lying on the ground must be treated as live and not be 

touched or moved.  Due to high ground resistance, insufficient current may flow 

to operate the protective devices, but the current may be sufficient to cause 

severe injury or electrocution.  The use of sensitive earth fault relays for 

overhead lines will minimize the risk. 

 When working under or near overhead power lines, contact with the conductors 

does not need to be made to pose a hazard, as electricity can flash over when 

machinery or equipment comes close to overhead lines.  If machinery, stay or 

guide ropes may come into contact with the conductors; conductors and 

structures may be damaged and fall to the ground exposing persons to possible 

harm.   No work must be done near overhead lines without a proper risk 

assessment.  

 

10.7 Motive Power Batteries 

 

A common source of electricity for mobile equipment is the lead acid battery.  The 

battery stores electrical power in a chemical form, and consists of two or more cells.  

All batteries contain sulphuric acid which may cause serious chemical burns so 

contact with the eyes, skin or clothing should be avoided.  During the process when 

the battery is charged, highly explosive hydrogen gas is produced.  Lead acid 

batteries are capable of high voltage and current which can shock and cause burns.   

The following precautions are applicable to lead acid batteries: 

 Do not smoke, have open flames or make sparks around lead acid batteries 

since a gassing battery can explode. 

 Do not lay any metal or conducting material on top of a battery as it may cause a 

short circuit and an explosion. 

 Do not load equipment or material on the top of a battery cover. 

 Only people authorised and trained in battery maintenance should work on 

batteries. 

 Send old batteries to the supplier for recycling. 

 

10.8 Outcomes 

 

It is hoped that this chapter has equipped you with the basic knowledge to work and 

interact safely with electrical equipment around the mine.  You will now have an 



 

 

185 

appreciation of the potential hazards associated with these installations and know 

that your vigilance will make a difference in the safety of your work place. 

 

10.9 Further Reading 

 

Cohen, V. 1997.  Application guide for the protection of LV systems. 

 

SANS 10198 -3  The selection, handling and installation of electrical power cables 

of rating not exceeding 33kV - Parts 1, 2, 3 4 and 12. 

 

SABS 086.  Code of Practice for the Installation and Maintenance of equipment in 

an explosive atmosphere. 

 

SANS 10200.  Code of practice for neutral earthing. 

 

SANS 10313 and 10199.  Code of Practice for Lightning Protection. 

 

SABS 0142.  Code of Practice for the wiring of premises. 
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CHAPTER 11 
 

11 FIRES, EXPLOSIONS, ESCAPE AND RESCUE 

 

OBJECTIVE 

 

The objective of this chapter is to discuss causes of mine fires and explosions as well to 

provide handy information on the setting up of escape and rescue procedures.  Five case 

studies have been included in an appendix as a means to alert readers to the existence of 

real situations that have caused fires or explosions and to make them aware that these can 

still happen if appropriate corrective action is not taken.  The intention is not to apportion 

blame, but to offer an opportunity for readers to learn from other people’s experiences.   
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Glossary 

 

Explosion protected equipment: Equipment designed to be used in situations where 

there is a risk of the presence of explosive material. 

Explosive material:   Any material that can explode under certain conditions. 

Flammable:  Any material that is able to burn under normal 

conditions. 

Flammable gas:  Any gas or combination of gases that can burn or 

explode. 

Flameproof:  Explosion-protected equipment that relies on 

enclosing any form of ignition, such as arcs from 

electrical switches, and preventing the heat from an 

ignition within the enclosure being transmitted to the 

outside of the enclosure. 

Ignite:  To set fire to flammable materials or cause explosive 

material to explode. 

Ignition:  Energy in the form of heat including sparks and 

electrical arcs or concussion that can ignite flammable 

or explosive materials. 

Increased safety equipment:  Equipment that relies on reducing, as far as 

practicable, the possibility of an ignition source being 

present. 

Intrinsically safe equipment:  Equipment that relies on ensuring that the energy in 

any ignition source within the equipment is below the 

level that can cause an ignition. 

LPG:      Liquid petroleum gas. 

SCSR:  Self contained self rescuer. 
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11.1 Introduction 

 

Fires and explosions can occur at both surface and underground mines.  In the case 

of a fire or explosion on a surface mine the risk of death or injury is lower than on an 

underground mine, but there can still be considerable financial and production 

implications, particularly if heavy capital equipment is involved.  However, fires in 

underground mines can result in multiple deaths, injuries and major loss of 

production.  Fighting or containing underground fires can be a hazardous activity 

with considerable risk.  Moreover, underground explosions often cause deaths and 

can also put people who are far from the site of the explosion at risk.  Apart from the 

direct effects of an explosion, the morale of persons working on the mine is affected 

when death or injury result from explosions. 

 

By the very nature of underground mining, spaces are confined and a fire in a mine 

causes very high temperatures in the area of the fire and in return airways.  The 

confined spaces usually make it very difficult to use conventional fire-fighting 

systems.  The presence of toxic gases such as carbon monoxide and carbon 

dioxide, high temperatures and the possibility of the lack of oxygen due to the fire, 

make it necessary for specially equipped teams to fight a fire.  In many cases it is 

not possible to attack the fire directly and means must be used to seal off the fire or 

starve it of oxygen. 

 

Deaths due to underground fires can arise as a result of poisoning by the gases and 

smoke, the heat of the fire and asphyxiation (lack of oxygen).  Fires in intake 

airways are particularly dangerous since they put all persons fed by the intake 

airway at risk.  Fires can also block the escape routes from affected areas or blind 

persons due to smoke.  Confusion of affected persons is a very real possibility that 

can lead to them doing the wrong things at the wrong time.  Finally, fires can cause 

serious production losses. 

 

In contrast to a fire that can take time to develop, an explosion is instantaneous and 

will, in many cases, result in deaths.  Persons far from the site of an explosion may 

also be killed or injured.  Explosions can be caused by explosives used in mining, 

explosive gases such as methane that are commonly present in underground 

mining, or explosive dust that can be found underground or in surface storage areas 

such as bins or silos. 

 

Good mining practice is able to reduce the probability of fires or explosions to a 

negligible level.  However, it is necessary to ensure that all persons involved in the 

mine remain aware of the possibility of disaster if such practices are ignored! 
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This chapter covers the measures to be taken to manage the risks of fires and 

explosions.  It covers the materials that are ignitable (will burn) or can explode and 

the root causes of a fire or explosion.  

 

Remember that good practice can eliminate fires and explosions, but never become 

complacent! 

 

11.2 The Fire Triangle 

 

For any fire to occur three elements MUST be present: 

 A source of fuel (something to burn). 

 Oxygen (present in normal air). 

 A source of ignition (something to set it alight). 

 

This is known as the FIRE TRIANGLE.  If any one of these elements is missing, a 

fire will not occur. 

 

 

 

 

 

 

 

 

 

 

 

 

Fires occur primarily due to carelessness or negligence on the part of an individual, 

or by a mechanical or electrical fault. 

 

Most fires on underground mines and surface mines are caused by carelessness, 

failure to follow codes of practice or ignoring warning signs of potential danger.  

Fires can be prevented by attention to sources of ignition, location and condition of 

flammable materials and, most importantly, awareness of the risks.  

 

Ignition 

Fuel Oxygen 



 

 

190 

11.3 Managing Fire Risk 

 

The following measures are recommended for the circumstances or conditions 

described in sections 11.3.1 to 11.3.5. 

 

11.3.1 Cutting, welding and use of open flame 

 

 

FIGURE 11.1 - OXY-ACETYLENE WELDING AND CUTTING OPERATION 

 

 Fire-Fighting Equipment:  Ensure that fire-fighting equipment is at 

hand and in operating condition before gas cutting, arc welding or 

using an open flame underground (Figure 11.1).  

 Fire Prevention:  Care must be taken to remove, cover or thoroughly 

wet any ignitable material in the vicinity of the site of cutting or 

welding.  

 Gas Testing:  A flammable gas measuring instrument must be used 

to test for gas before cutting or welding commences in locations 

required in terms of the mine’s Code of Practice. 

 Monitoring:  An assistant should monitor the work to ensure that no 

sparks or hot metal pieces fall on or near flammable material.  After 

the work has been completed, a thorough check of the area must be 

carried out. 

 Equipment:  Gas cylinders, pressure control valves, flash-back 

arrestors, torches and hoses must be checked and be confirmed to 

be in good condition before any cutting takes place. 

 

Be careful when 

using Oxy-

Acetylene 

equipment in 

the vicinity of 

combustible 

material. 
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11.3.2 Electrical fires 

 

 Ensure that transformer bays are properly ventilated:  The 

rating of a transformer is based on the transformer being cooled 

by adequate ventilation.  The transformer will overheat otherwise, 

and cause a fire (Figure 11.2). 

 

 

 

 

FIGURE 11.2 - TRANSFORMER FIRE 

 

 Do not store any material in transformer bays or allow 

transformers to be covered with material:  Apart from the 

material interfering with the transformer cooling, a transformer 

fault can ignite the material.  In addition, the material interferes 

with the regular inspection of the transformer. 

 Regularly check that transformers, motors and electrical 

switches are not too hot:  If you are unable to hold your bare 

hand on a piece of electrical equipment for 15 seconds (rule of 

thumb) it is too hot! 

 If oil-filled transformers are in use, a stone-filled well should 

surround the transformer:  The well should have a drain valve 

below the level of the stone and as close to the bottom of the well 

as possible.  Always attend to oil leaks at an oil-filled transformer.  
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 Ensure that all electrical protection is correctly rated and 

operational:  Overload protection that is set higher than the 

rating of the equipment it is designed to protect can allow the 

equipment to overheat dangerously.   

 Earth fault protection:  Earth fault protective devices are usually 

able to detect and clear a potentially dangerous short circuit 

condition before the overload protection operates.  Short circuits 

give rise to very high localized temperatures or arcs, both of 

which are capable of igniting material even if cleared (tripped) 

rapidly. 

 Do not feed two or more transformers from the same switch:  

Each transformer should be equipped with overload protection 

that can trip the switch.  (Case Study 2 in the appendix refers.) 

 Report overheating electrical equipment:  Motors or 

transformers are too hot if a bare hand cannot touch them for 

more than 15 seconds.  Cables that feel warm are most likely 

overheating internally.   

 Do not close an electrical switch repeatedly if it has tripped:  

Whatever caused the switch to trip will most likely have caused 

the cable or equipment fed by the switch to heat up.  Each time 

the switch is closed the temperature rises further and a fire can 

result. 

 

11.3.3 Conveyor belt fire (Figure 11.3)  

 

 Remove spillage from conveyor belts:  The spillage can be 

heated by friction to a temperature that can ignite the conveyor 

belt.  The spillage can also cause the conveyor drive pulleys to 

slip.  Note that flame retardant belting should delay the start and 

spread of a fire.  However, the belting can ignite material in the 

vicinity particularly when the hot rubber or plastic drips from the 

belt! 
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 Regularly inspect conveyor belts for stuck or broken idlers:  

A stuck idler can become red hot and set the belt alight once the 

conveyor is stopped.  In the case of coal conveyors the hot idler 

can ignite coal spillage. 

 Regularly inspect conveyor belts for misaligned belts:  A 

misaligned belt rubbing against an object can cause the object to 

heat up to a point where it can ignite the belt or other material in 

contact with it.  In addition, it can cause conveyor drive pulleys to 

slip.  

 Make use of belt slip detectors on conveyor drive pulleys 

particularly on large conveyors over 100 kW per drive pulley:  

Slipping drives can set fire to the belt.  A slipping drive pulley can 

ignite the rubber used as a wrapper on the pulley or ignite the belt 

once the conveyor is stopped.  It might not be economical to use 

belt slip detectors on smaller conveyors, in which case the steps 

mentioned above to prevent drive pulleys from slipping are very 

important. 

 

 

FIGURE 11.3 - CONVEYOR BELT FIRE 

 

11.3.4 Mobile machinery fire (Figure 11.4)  

 

 Ensure that mobile machines are equipped with suitable fire 

extinguishers:  Correctly selected fire extinguishers for diesel-

engined and electrically-driven machines are different to 

conventional fire extinguishers.  The fire extinguishers should be 

checked in line with the mine’s checklist.  If evidence is found of 

the powder compacting in the fire extinguishers, the suppliers 
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should be contacted to provide an extinguisher that is capable of 

remaining operative when subject to vibration. 

 Fighting fires involving rubber tyres:  To fight a fire on a mobile 

machine once a tyre has caught alight requires water.  Fire 

extinguishers are generally not able to extinguish a burning tyre 

as the heat build-up simply re-ignites the tyre.  Fires involving 

rubber tyres also generate large amounts of dense black smoke.   

 Ensure that fuel storage tanks and bowsers are not placed in 

such a position that they can be damaged or ruptured as a 

result of an accident involving moving machinery or 

equipment.  Provide diesel fuel and oil storage areas with 

adequate fire-fighting equipment.  Take care not to spill diesel fuel 

when filling machines or storage tanks. 

 Where storage tanks are filled by means of a pipeline to 

surface or a level above that of the storage tank, ensure that 

a valve on the pipeline is provided at the tank:  The valve must 

be easily accessible and should preferably be a stopcock that is 

closed by a quarter (90 degree) turn. 

 Remove any diesel fuel spillage:  Stone dust (limestone) may 

be used to absorb the spillage, which can then be cleaned up. 

 When filling a machine, before opening the filler cap on the 

machine, touch the metal fitting on the hose to the machine 

tank:  In some cases, a spark caused by static can jump from the 

hose to the machine or vice versa.  The hose should be an 

approved fuel hose and should include a metal wire for the 

purpose of preventing static developing while the machine is 

being filled.  The above practice ensures that a spark will not 

occur when diesel fumes are present or diesel fuel is flowing.  

 Ensure that machine brakes are not binding:  Binding brakes 

can cause the wheel assembly to heat to dangerous levels.  The 

hot brakes may ignite oil, grease, or coal dust.  The resulting fire 

can ignite the machine’s tyres. 

 Keep machines reasonably clear of oil, grease or diesel fuel:  

These flammable materials can cause a fire in the event of an 

electrical fault on the machine or if they come in contact with hot 

exhaust pipes. 
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FIGURE 11.4 - MOBILE MACHINE FIRE 

 

11.3.5 Fires caused by friction 

 

 Fouling of scraper ropes or other moving ropes against 

timber:  Regular checking of moving ropes and pulleys is 

necessary. 

 

 

Ensure that a 

serviceable 

fire 

extinguisher 

is available on 

the machine 

An example 

of a fire 

caused by 

friction 
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 Dragging clutches or brakes on winches:  These can cause 

ignition of oils and greases. 

 

11.3.6 Fire due to explosives (Figure 11.5)  

 

 

FIGURE 11.5 - IGNITER CORD-INITIATED FIRE 

 

 Use of igniter cord:  Igniter cord must not be placed next to 

timber or other flammable materials. 

 Destruction of old explosives:  Old explosives should only be 

destroyed in accordance with the mine standards by detonation in 

small quantities.  Igniter cord and detonators should be taken to 

surface and disposed of.  To further your understanding of the 

correct ways to destroy old explosives, refer to Chapter 7 in this 

handbook. 
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11.3.7 Spontaneous combustion fire  

 

FIGURE 11.6 - SPONTANEOUS COMBUSTION FIRE 

 

Spontaneous combustion is an ever-present danger in coal mines.  It can 

occur underground in old areas and within current mining areas.  A formal 

monitoring programme generally will ensure that it does not occur.  However, 

you should be aware that one of the earliest warning signs is a suspicious 

smell and this should be reported immediately.  Prevention within current 

mining areas is principally by means of good housekeeping and clearing up 

accumulations of broken coal, particularly in the vicinity of conveyor belts.  

Spontaneous combustion of surface coal and waste coal dumps is common 

and they require proper design and management to avoid this hazard. 

 

11.4 Good Housekeeping as a Fire Prevention Measure 

 

 Never play with, discharge without reason, or remove fire extinguishers 

from their proper place:  Report anyone who tampers with a fire extinguisher.  

A competent person must check fire extinguishers annually.  The date of the 

check must be marked on the extinguisher.  Fire extinguishers in places subject 

to vibration should be checked more regularly. 

 Remove flammable waste material from the mine including wrapping 

material, used mono-rope winch attaching cords, waste paper, plastic, 

cardboard, wooden material and old containers used for containing 

flammable material such as paint:  The smoke from burning plastic contains 

poisonous gases. 

A head of coal, 

undergoing 

spontaneous 

combustion 
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 Accumulations of rubbish from workshops:  These are particularly 

hazardous as they invariably contain oily rags, used oil and fuel filters and 

discarded cardboard containers. 

 Do not store materials in front of sub-stations or interfere with the 

ventilation of sub-stations:  Material can restrict access to the sub-station 

which could be disastrous in the case of an emergency.  The material can also 

interfere with the cooling of switchgear and transformers in the sub-station and 

result in a fire. 

 Prevent electric cables from being covered by material, particularly coal or 

coal dust:  The cooling of the cable is affected and the hot cable can cause a 

fire. 

 Prevent electric cables from being pinched by supports such as packs, 

sticks or metal supports:  A pinched cable can result in a short circuit or 

localized heating of the cable that can ignite the material. 

 Support electric cables properly:  Unsupported cables can be damaged by 

machines or rock falls, or be covered by waste material that affects the cooling of 

the cable which can result in a fire. 

 Keep sticks and chocks from being tipped into ore passes:  If sticks or 

chocks block an ore pass, do not place fuses near the wood if it is to be blasted 

clear. Fires in ore passes have caused horrible accidents.  (Case study 1 in the 

appendix refers.) 

 Remove any discarded light metal components (e.g. aluminium) or parts 

from any mine that is classified as fiery:  Light metals, if struck by a rusty 

steel object, can cause a high temperature spark that can ignite other material.  

Some components, particularly diesel engine parts, are only available in 

aluminium, but if they are replaced, their removal from the mine to an 

underground workshop or to surface is essential. 

 Restrict the underground use of aluminium objects or metallic paint in a 

fiery mine:  Where practical alternatives to aluminium objects are available, 

these should be used.  Where there is no alternative, care should be taken to 

prevent these objects from being struck by machinery or other heavy steel 

objects. 

 Do not store or leave vehicle tyres in underground areas that are not 
designed for that purpose. 

 

11.5 Fighting Fires 

 

The essence of successfully fighting a fire is speed and using the correct equipment 

to tackle the problem.  This means that fire extinguishers, fire suppression systems 

and water hoses must be readily available and in good working order. 

 

There are 5 classes of fires and are described in Table 11.1: 



 

 

199 

 

TABLE 11.1 - THE FIVE CLASSES OF FIRE 

A Fires that involve flammable solids such as wood, coal, rubber, paper, and 

some plastics. 

B Fires that involve flammable liquids or liquefiable solids such as diesel fuel, 

oils, greases, paint, some plastics.  

C Shock risk fires that involve materials found in Class A, B, D and E fires, but 

with the introduction of electricity in the vicinity of the fire, with a resultant 

electrical shock risk if a conductive agent such as water is used to extinguish 

the fire.  

D Fires that involve combustible metals, such as sodium, magnesium, and 

potassium. 

E Fires involving flammable gases such as methane, propane, natural gas and 

LPG 

 

There are a number of types of portable fire extinguishers available.  Each type of 

extinguisher may be rated for one or more classes of fire.  In some cases, particular 

extinguishers are not only considered ineffective against certain classes of fire, they 

can be dangerous.  Examples are water applied to an electrical (class C) fire or on 

to a flaming pool of oil (class B). 

 

 

 

 

 

FIGURE 11.7 - FIGHTING A FIRE 

 

Use the 

appropriate 

method to 

fight each 

type of fire! 
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Mines should have a Code of Practice for the prevention of fires, detailing what 

equipment is to be made available and who is responsible for ensuring that it is in 

good condition and ready for instant operation.   

 

This aspect must be treated very seriously, otherwise what would have been a 

minor quickly extinguished fire becomes a major conflagration resulting in serious 

production disruption, damage or loss of expensive equipment and potential loss of 

life. 

 

If you detect a fire what should you do? 

 Raise the alarm. 

 If you can safely fight the fire or even stop the fire spreading, do so. 

 Do not put yourself at risk. 

 Withdraw yourself and other persons to safety in fresh air or to a refuge bay if 

you cannot effectively fight the fire. 

 

From a mining perspective the most common means of fighting fires is using water 

from a hose and for most mining conditions this is effective.  However, water should 

NOT be used on live electrical equipment such as transformers, switchgear and 

electrical machinery.  Table 11.2 may be used as a guide for the selection of the 

correct medium for fighting each class of fire. 

 

Water can also be used to effectively cool down burning acetylene bottles. 

 

 

TABLE 11.2 - FIRE FIGHTING GUIDE TABLE 

Type of fire Extinguishing medium 

Timber, coal, general rubbish, burning 

buildings, plastics, rubber tyres  

(Class A fires) 

Water - best medium, provides 

cooling 

Dry powder (small fires) 

Petrol, diesel, oils, paint (Class B fires) Dry powder, foam, CO2 

Electrical fires Dry powder, CO2 

Combustible metals (not normally found in 

the mining industry) 

Special dry powders 

Burning gases Dry powder 

 

11.6 Managing the Risk of Explosions 

 

Explosions in mines essentially arise from three sources: 

 Flammable gas. 

 Coal dust. 
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 Explosives. 

 

Only the first two categories will be considered in this chapter as explosives are 

discussed in detail in Chapter 7. 

 

 

 

FIGURE 11.8 - EXPLOSION 

 

11.6.1 Flammable gas explosions 

 

For any flammable gas explosion to occur, three conditions must be 

satisfied: 

 Flammable gas must be present. 

 Flammable gas must be in the explosive range. 

 There must be a source of ignition. 

 

If any one of the conditions is not satisfied, an explosion cannot 

occur. 

 

Flammable gas explosions occur because a failure (be it human or 

system related) has occurred and in most cases it is a combination of 

factors or errors that resulted in the explosion taking place. 

 

The first defence against a flammable gas explosion is effective 

ventilation.   

 

Flammable gas 

explosions occur 

because a failure 

(be it human or 

system related) 

has occurred and 

in most cases it 

is a combination 

of factors or 

errors that 

resulted in the 

explosion taking 

place. 



 

 

202 

Flammable gas occurrence 

Flammable gasses occur naturally in mines and flow from the 

surrounding strata into the mined excavation.  They are generally 

hydrocarbon in nature and the predominant one is usually methane 

(CH4).  However, other hydrocarbon gases can frequently be present, 

as can hydrogen. 

 

The amount, composition and nature of the gas emission will vary 

from mine to mine.  Supervisory personnel must make themselves 

familiar with the risks posed by flammable gases on their particular 

mine.  The Ventilation Department should be consulted on all matters 

pertaining to the occurrence, distribution, control of and testing for 

flammable gas on the particular mine. 

 

It should be noted that bottled gases in the form of acetylene and 

LPG that are used on mines are also flammable gases and should 

only be used in well-ventilated areas.  Hydrogen, a highly explosive 

gas, is given off during battery charging, so all battery charging bays 

should be well-ventilated to prevent accumulations of hydrogen. 

 

Remember that all flammable gas explosions are avoidable! 

 

 

Control of flammable gas concentrations 

Unless elaborate gas drainage or sealing systems are in place on the 

mine, the normal method of controlling flammable gas is to dilute it 

with ventilating air to keep it well below its explosive concentration 

level. 

 

Dilution of flammable gas by ventilation 

To achieve this, adequate quantities of ventilating air must reach the 

source of the gas emission.  All ventilation appliances and control 

must be checked regularly for compliance to standard and 

effectiveness.  The ventilation system must be robust enough to 

provide adequate air. 

 

Testing for flammable gas 

There is no substitute for proper and methodical testing for flammable 

gas.  Testing requirements for a particular mine will be given in the 

mine’s Code of Practice. 
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The mine is required to provide training to relevant persons in 

flammable gas testing. 

 

Supervisors should regularly do on-the-job coaching in flammable 

gas testing to ensure that their subordinates retain the instructional 

information they received at the training centre.  All supervisors 

should be intimately familiar with the flammable gas standards on 

their particular mine. 

 

  Valuable tips 

 Flammable gas measuring instruments must be available in any 

area in a mine where flammable gas may be present.   These may 

be hand-held, machine-mounted or hung in a position close to the 

working face. 

 With the exception of hand-held monitors, the monitors must be 

coupled to an alarm system that is audible or visible in normal 

working conditions at the work place. 

 Gas monitoring and testing instruments must be checked daily 

according to the mine’s Code of Practice. 

 At the start of a shift, the responsible miner must test the working 

place for the presence of flammable gas.  

 Note that methane may accumulate along the hanging wall or roof 

but may also be found in any area that is not properly ventilated.  

 If gas is detected, immediately isolate all electrical equipment in 

the section.  Note that this includes all explosion protected 

equipment.  If a flameproof isolator is not available, isolate the 

equipment in a safe area remote from the source of the gas. 

 Never ignore a warning from a gas monitor.  Do not assume that 

the monitor is faulty! 

 Diamond, prospect and pilot drilling often intersect flammable 

gases and, in many instances, flammable gas is associated with 

the presence of water and can be found along dykes, faults and 

fissures. 

 

Remember that: 

 The most common cause of flammable gas explosions is a 

combination of sub-standard ventilation and failure to test for gas. 

 When encountering flammable gas always err on the side of 

safety. 

 A golden rule for flammable gas is: “when in doubt, pull out!”. 
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11.6.2 Coal dust explosions 

 

Coal dust explosions normally follow a flammable gas explosion 

when the shock wave propels coal dust into the general body of the 

air where it is then ignited by the flame of the flammable gas 

explosion.  Regulations are in place to counter coal dust explosions in 

the form of stone dust application and monitoring and the placement 

of stone dust barriers.  Compliance with these regulations and with 

the mine’s Code of Practice will ensure that coal dust explosions do 

not occur. 

 

 

 

FIGURE 11.9 - COAL DUST EXPLOSION 

 

11.7 Management of Ignition Sources  

 

11.7.1 Electrical equipment 

 

Make use of certified explosion-protected electrical equipment in any 

area where explosive gas may be encountered.  This measure 

includes all electrical equipment, whether supplied by an electric 

cable or a battery  

 

11.7.2 Electrical thunderstorms 
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Lightning strikes in the vicinity of a mine can cause high voltages to 

arise on conducting equipment and structures in the vicinity of the 

strike.  The high voltages can then be transmitted underground, 

where strikes between the equipment and surrounding rock, or other 

conducting equipment that is not bonded to the equipment that is at 

an elevated voltage, can occur.  Case study 4 in the appendix has 

reference. 

 

This hazard is addressed by bonding all steel and other conducting 

equipment together, so that voltage differences between then cannot 

occur, and by earthing the structures at regular intervals. 

 

Electrical supply cables should be earthed at regular intervals, at 

least at each end and every 500 metres or less.  If the mine is 

shallow (less than about 180 metres below surface) and the area is 

subject to frequent lightning, it is best to earth as often as possible.  If 

cables are suspended from a steel rope or wire, the rope or wire 

should be earthed regularly.  Note that in some cases epoxy 

anchoring systems are used for rock bolts holding such ropes or 

wires.  These do not provide adequate earthing!  In addition to cable 

earthing, shallow mines should also earth fixed electrical installations 

such as transformers and switchgear. 

 

11.7.3 Diesel-powered machinery 

 

In an underground coal mine, all diesel powered machinery used 

within 100 metres of the coal face must be approved for use by a 

recognized testing and approval authority. 

 

The following general precautions are relevant: 

 Never operate a diesel-engined machines in an area where 

dangerous levels of gas have been detected, until the area has 

been declared safe after adequate ventilation. 

 The engine exhaust system of an approved diesel-powered 

machine must be maintained so as to prevent any hot exhaust 

gases from escaping. 

 Leaking exhaust manifolds are potentially very dangerous since 

the temperature of the exhaust gas is high enough to ignite 

methane or coal dust.  The diesel engine exhaust must be 

equipped with either an approved wet or dry scrubber system.  

The water tank of a wet scrubber system must be equipped with a 
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fuel cut-off valve designed to operate if the water level drops too 

low.  Never interfere with the operation of this safety device.  

Never completely remove or punch holes in the particulate filter of 

a dry scrubber system.  Always ensure that spare filter elements 

are available. 

 Never replace components on an approved diesel engine with 

components not obtained from the original equipment 

manufacturer, unless the use of the alternative components has 

been risk assessed and their use approved by mine management.   

 Ensure that the intake cut-off valve and the air filter on an 

approved diesel engine are in place.  Under certain circumstances, 

hot exhaust gas can be blown into the air intake system.  In the 

event of a sudden outburst of methane, the engine may not be 

able to be stopped as it can use the methane as fuel. 

 

11.8 Escape and Rescue 

 

11.8.1 Introduction 

 

To achieve successful escape and rescue from a dangerous situation 

in a mine, it is essential that all persons know exactly what they are 

required to do.  It is therefore incumbent upon the mine to have in 

place proper emergency planning and the appropriate equipment and 

facilities, as well as to ensure that the entire workforce is trained to be 

able to cope appropriately with emergency situations. 

 

The responsibilities of senior working place supervisors and 

managers are: 

 To ensure that the necessary equipment and facilities are 

available. 

 To ensure that the equipment and facilities are in good condition. 

 To ensure that the workers for whom they are responsible are 

trained and are able to use the equipment and facilities properly. 

 

Whilst it is recognized that other persons, such as the training and 

ventilation departments and mine managers, also have 

responsibilities in this regard, it is the senior working place 

supervisors at shift boss, mine overseer and underground manager 

level who are ultimately responsible for their own sections and the 

well-being of their work force. 
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Escape and rescue of persons in underground mines relates 

principally to three situations:  

 Following a fall of ground (section 11.8.1). 

 Following an inundation of mud or water (section 11.8.2). 

 Following a fire or explosion (section 11.8.3). 

 

11.8.2 Falls of ground 

 

Falls of ground remain the largest cause of deaths and injuries in the 

mining industry.  When a fall of ground occurs it is normally the 

people who are first on the scene that initiate or attempt to initiate the 

rescue operation to save lives and bring help to the injured. 

 

In any emergency of this nature, speed in treating the injured and 

removing them from danger is essential.  Due to the expansive nature 

of mines, it can take some considerable time for a dedicated trained 

rescue team to be notified, assembled and reach the site of the 

emergency.  In particular, those persons who work at or near the 

working face are the most likely to be the first on the scene. 

 

The following are important questions that should be asked in order 

to assess the efficiency of the mine personnel to tackle an emergency 

fall of ground situation before the primary rescuers can reach the 

emergency site: 

 

Have those persons received any training in the basics of tackling a 

fall of ground incident to the extent they can: 

 Speedily summon assistance? 

 Attempt to reach the injured without putting themselves in 

danger? 

 Treat the injured? 

 Remove the injured without doing further damage? 

 

Are the means of communication in place and in good working order 

to summon assistance? 

 

Is there first aid equipment readily available? 

 

Are there persons available that are adequately trained in first aid? 
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11.8.3 Inundations of mud or water 

 

 

 

Like falls of ground, the first persons on the scene of a mud rush 

normally attempt a rescue if possible and similar criteria with respect 

to communications, equipment and first aid apply. 

 

11.8.4 Fires and explosions 

 

Fires and explosions present the category of incident which has the 

potential to cause the largest number of fatalities resulting from a 

single occurrence. 

 

All mines in terms of regulation 24.20.3 (see Guideline for a 

Mandatory CoP on Emergency Response and Rescue) are required 

to have in place a Code of Practice for escape and rescue.  

Supervisory officials must make themselves familiar with this 

document. 

 

It is essential that in the event of a fire or explosion all persons (and 

this includes all services personnel and contractors working on the 

mine) are fully aware of the actions they should take and where to 

seek safety. 
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11.9 Emergency Awareness 

 

11.9.1 Emergency situations 

 

The following emergency situations would warrant evacuation to a 

place of safety: 

 Fire. 

 Explosion. 

 Smoke detected by sight or smell. 

 Carbon monoxide concentrations in excess of 100 ppm in the 

general body of the air. 

 Flammable gases in the lower explosive limit in the general body 

of the air . 

 Suspected irrespirable atmosphere. 

 

It is a requirement of South African mining regulations that there be a 

system in place to warn persons of the impending danger associated 

with a fire or explosion (Regulation 24.20.4, also refer to the 

Guideline for a mandatory CoP on Emergence Preparedness and 

Rescue).  Most mines have found that the most practical way to do 

this is to issue selected persons with carbon monoxide warning 

devices, usually at a level of one or two per working crew and they 

are also issued to persons who may be working remotely from the 

main working crew. 

 

Many of these instruments have two alarm levels.  The first alarm is 

usually set at 50 or 100 ppm and is intended to alert persons to 

evacuate.  The second alarm is usually set at 400 ppm and is 

intended to alert persons to use their self-contained self rescuers.  It 

is most important that those persons who have these instruments 

know the difference and meaning of the two alarm levels, take the 

appropriate action and advise those persons with whom they are 

working of the situation. 

 

The following questions should be asked of the warning devices: 

 Are persons who are issued with these instruments properly 

trained in their use and aware of what action they are required to 

take in the event of the instrument alarming? 

 Are the instruments subjected to a user check before being taken 

underground? 
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 Does the person who takes this instrument have a trained deputy 

who would take the instrument in his absence? 

 

It is incumbent upon the responsible line supervisors to ensure that 

the above points are complied with by the crews under their control. 

 

11.9.2 Self contained self rescuers  

 

Many people going underground in South African mines are issued 

with self contained self rescuers (SCSRs).  These devices provide a 

source of breathable air for a limited amount of time to permit a 

person to escape to fresh air or to a refuge bay. 

 

Mines are required to ensure that anyone issued with a SCSR is 

trained and competent to use it. 

 

SCSRs, whilst of robust construction, are not indestructible and 

should be looked after by the user.  Your life could depend on it 

functioning properly! 

 

Supervisors should regularly check if their subordinates know how to 

don a SCSR and use it.  If there is any doubt they should be sent for 

retraining. 

 

11.10 Locating and Reaching a Place of Safety 

 

Escaping to safety in a mine is a very stressful activity, both mentally and physically.  

There have been numerous cases in mines throughout the world where people, for 

one reason or another, have been unable to reach safety in time, or did not know 

what to do in the case of an emergency. 

 

Regulation 24.20.2.1 stipulates that a refuge bay or other place of safety should be 

within easy reach and within the capacity of any self-contained self rescuer in use 

on the mine.  

 

All persons working underground in any capacity must be properly trained in escape 

techniques.  Escape routes must be clearly defined and easily seen.  Escape drills 

must be held at regular intervals for the working crew and particular attention being 

paid to newcomers to the workplace. 
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11.10.1 Refuge bays 

 

The requirements for refuge bays are clearly specified in regulation 

24.20.2.2.(a) and the inspection of refuge bays specified in regulation 

24.20.2.3. 

 

A working place supervisor at shift boss or even mine overseer level 

would generally be the person appointed to inspect the refuge bays. 

 

The following points must be considered in determining the suitability 

of any refuge bay: 

 Is the refuge bay sited to allow persons working or travelling in the 

area easy and timeous access? 

 Is the refuge bay life-sustaining?  If a refuge bay is not able to 

sustain life then it is useless.  Life-sustaining means that people 

can enter the refuge bay and have access to a source of 

uncontaminated, breathable air and remain there safely until 

rescued. 

 Does the refuge bay comply with the other criteria specified in the 

regulations? 

 Can the refuge bay be easily located? 

 Are refuge bays and escape routes clearly shown on plans posted 

up underground?  Are there adequate signs underground clearly 

indicating the escape route to a refuge bay or place of safety? 

 Is the entrance to the refuge bay well marked? 

 

Some of the methods of demarcating refuge bay entrances are: 

 Bright lights outside the entrance with about 10 m of white painted 

haulage. 

 Flashing lights. 

 Hanging a loose curtain of plastic hose or rope down to below 

head height so that the refuge bay can be located in zero or poor 

visibility or when there is no electrical power. 

 

Remember that there have been incidents of people passing perfectly 

functional refuge bays in an attempt to get to fresh air, because they 

either missed the refuge bay which was not sufficiently marked, or 

they were not properly trained to know that they should go to the 

closest place of safety. 
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11.10.2 Hard rock tabular ore body (most gold and  

 platinum) mines 

 

It has been found that the time taken to get out of the stope and in to 

the haulage is the critical parameter.  Poor in-stope travelling ways 

and having to clamber over piles of broken rock or climbing up steep 

inclines will dramatically lower a self-contained self rescuer’s 

capacity, as a person’s breathing rate increases dramatically under 

these circumstances.  If a person is in smoke, visibility is greatly 

reduced. 

 

11.10.3 Coal mines 

 

The principal problem with coal mines is that if a coal dust explosion 

occurs or a rubber-tyred vehicle catches alight and the tyres burn, 

then visibility becomes virtually zero and people attempting to reach a 

refuge bay or place of safety become essentially blinded.  

Consequently, additional means of assisting the escapees to locate 

their refuge bay will be necessary.  There are several proprietary 

systems available that enable people to locate a refuge bay in zero 

visibility.  They usually operate as a safety line with direction 

indicators, which is grasped in one hand and followed right into the 

refuge bay.  The mine should evaluate them individually for 

robustness, ease of installation and use.  When such a device is 

installed it must be inspected frequently by responsible officials to 

ensure that it is up to date with the current mining positions and in 

good working order. 

 

It is recommended that all new employees on a coal mine be put 

through a simulation of the escape scenario so they do not panic and 

become disorientated should they have to escape in zero visibility. 

 

11.10.4 Mechanized metal mines 

 

In the case of mechanized metal mines, travelling and finding one’s 

way is generally much easier than in other mines.  However, one of 

the principal risks of fire is the involvement of diesel-powered rubber-

tyred vehicles and large quantities of fuel.  Either of these leads to 
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large quantities of thick black smoke that can effectively result in zero 

visibility. 

 

Consequently, one of the best ways of determining the viability of 

escape strategies is for supervisors or other competent persons to 

place themselves in the shoes of the escapee and try to effect an 

escape under circumstances as close as possible to an actual 

incident.  They should actually try to get from the working face to the 

refuge bay in zero visibility, or find out how long it takes to get out of a 

stope with the travelling ways in their normal condition.   

 

11.11 General Points 

 

Once people have reached a refuge bay when an incident has occurred, they must 

report the situation via telephone or other means available.  They must remain in the 

refuge bay until told to leave by the incident controller or until they are rescued by a 

trained and equipped team.  Under no circumstances should people leave a refuge 

bay of their own accord to seek assistance or to try to reach fresh air. 

 

Fresh breathable air can be supplied in various ways to refuge bays depending 

upon the particular circumstances:  Shallow coal and base metal mines can have a 

borehole from surface; oxygen-generating candles are available; high pressure 

compressed air in cylinders can give an air supply; and normal compressed air is 

very often used. 

 

In deep level hot mines with a high rock temperature, the compressed air supply 

must be partially on at all times as heat can build up in the refuge bay to the extent 

that it could result in heat stroke affecting persons using the refuge bay. 

 

Mines must have operational plans in place to rescue people.  These would typically 

include: 

 A Code of Practice for escape and rescue. 

 Rescue plans. 

 Evacuation routes. 

 Duties and responsibilities of various officials allocated. 

 Communications established. 

 Database of important telephone numbers and other contact details of all 

relevant mine officials and outside organizations. 

 Knowing accurately the numbers and identities of all persons underground at 

any given time. 
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11.12 Outcomes 

 

After reading this chapter, you should be aware that fires and explosions are 

avoidable if the correct preventative methods are adopted and vigilance is taken in 

any situation where the “fire triangle” occurs.  This means that wherever fuel, 

oxygen and some sort of ignition are to be found, there is the possibility of a fire 

occurring and extra care should be taken to prevent this from happening.   

 

The chapter discusses fire prevention risk management measures with regard to the 

following situations: cutting, welding and the use of open flame; situations involving 

electricity; the use of conveyer belts, the use of mobile machinery; explosives; 

spontaneous combustion; and other sources of friction. 

 

The chapter then goes on to discuss risk management strategies for the prevention 

of explosions, which essentially arise from three sources, namely flammable gas, 

coal dust and explosives.  Methods for the prevention of explosions cause by 

flammable gas and coal dust are discussed, while readers can refer to chapter 7 of 

this book for more detail on explosives.  Management of the risk of explosion 

caused by electricity is also discussed.  

 

The chapter continues with an examination of escape and rescue issues, providing 

a detailed set of rules, guidelines and questions to ensure that escape and rescue 

plans on mines are successful.  It discusses three main situations which require 

escape and rescue, namely falls of ground, inundations of mud and water, and fires 

or explosions.  It then covers procedures for locating and reaching a place of safety 

on various types of mines and provides the questions that should be asked 

regarding refuge bays on these mines to ensure that they are adequately equipped 

for the safe-keeping of mine workers who have fled from a fire or explosion.  

 

By now, you should understand and acknowledge all of these precautions and 

guidelines for preventing fires and explosions and implement procedures for escape 

and rescue when these situations do occur.  You should also read the appendix to 

this chapter to gain an understanding of the actual incidents that can occur if the 

correct procedures are not in place and implemented to prevent fires and 

explosions, and if the correct escape and rescue plans and precautions are not 

employed.  

 

11.13 Further Reading 

 

SIMRAC COL 605 Manual of best practice for emergency response procedure. 
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Environmental Engineering in South African Mines:  Chapters 26, 30 and 31. 

 

SIMRAC COL 115: Assessment of the design of refuge bays in coal mines. 

 

SIMRAC COL 431 Training aids to assist employees to recognize frictional ignition 

hazards. 

 

SIMRAC COL 316: Training guidelines for safe use of electricity to minimize fire 

hazards. 

 

SIMRAC GAP 504: Occurrence, emission, ignition of combustible strata gases in 

the Wits mines. 

 

SIMRAC COL 701: Best practice inertisation strategy for inbye areas. 

 

SIMRAC SIM 020401: Training package to reduce the risk of gas explosions. 



 

 

216 

 

APPENDIX 

 

It is popularly believed that “experience is the best teacher”.  This is more so if that experience is 

personal.  In the absence of “personal-experience”, other people’s experiences can provide 

valuable lessons.  The objective of the following case studies is to discuss some events which 

actually took place, so that the reader may learn from these experiences. 

 

CASE STUDY 1 - STICKS OR CHOCKS IN ORE PASSES 

 

An entire proto team was killed when a fire occurred in an ore pass that had been blocked with 

chocks.  An unsuccessful attempt to clear the ore pass by blasting the timber had resulted in the 

timber catching fire.  The proto team reacted to the fire and approached the bottom of the ore pass.  

Meanwhile the ore pass, being upcast, acted like a furnace and the rock heated to a very high 

temperature.  As the proto team opened the chute, some of the members were covered by the 

rock.  Others attempted to reach the ventilation doors, but the intense heat from the rock caused 

them all to die before they could reach safety. 

 

CASE STUDY 2 - TWO OR MORE TRANSFORMERS OFF THE SAME SWITCH 

 

A disastrous fire occurred that resulted in multiple deaths when a transformer developed a fault on 

the secondary side.  The fault was between the secondary terminals and the circuit breaker on the 

secondary side.  The protection on the primary side was unable to recognize the fault since a 

number of other transformers were fed from the same switch.  The secondary side short circuit 

continued to arc until it reached the transformer terminals.  The arc ignited flammable material in 

the vicinity.  

 

As an example, if two 1000 kVA transformers are fed from one switch, it is possible for one 

transformer to be loaded to 2000 kVA if the other transformer is off load.  This will most likely cause 

a fire in the overloaded transformer. 

 

If more than one transformer is fed from one switch, each transformer should be provided with 

current transformers connected to a separate protection relay. 

 

Similarly, if the transformer feeds a number of secondary switches, a main secondary circuit 

breaker, rated correctly for the transformer, must be provided. 

 

The safest procedure is never to feed more than one transformers from a single switch. 
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CASE STUDY 3 - METHANE IN UNVENTILATED AREAS 

 

A serious methane explosion in a gold mine occurred in a pump chamber.  Methane had dissolved 

in the water in the workings and had been released in the dam at the pump chamber.  The 

methane collected below the hanging above the dam and was possibly ignited by an electrical 

switch.  Apart from the loss of life resulting from the explosion, the shaft was extensively damaged. 

 

CASE STUDY 4 - LIGHTNING AND METHANE EXPLOSIONS 

 

Direct lightning strikes to the ground or the discharge of a lightning arrestor cause the voltage of 

the ground in the vicinity to rise to very high levels, typically over 100 kV.  In shallow mines, the 

coal or rock in the workings can be affected by this phenomenon.  In other words, the voltage of 

the coal or rock could rise to levels far above that of the electrical earth.  This will result in arcs 

between the coal or rock and the electrical system. 

 

A course on the prevention of gas explosions was being given at a coal mine.  The mine personnel 

mentioned that they had not bothered to earth equipment to the surrounding coal or rock because 

they had measured the resistance of such connections and found them to be very high.  It was 

pointed out to them that the function of the earthing is to ensure that the voltage on the electrical 

earth system and that of the coal or rock is equalized by the earthing in the case of an electrical 

storm in the area.  This will be achieved by regular earthing even in the event of apparently high 

resistance connections to earth.   

 

During the discussion, the mine personnel recalled two underground gas explosions while a storm 

was present on surface.  The failure to follow the practice of regularly earthing electrical cables and 

equipment was most likely to have been the cause of the explosions, since the subsequent enquiry 

could not identify the root causes. 

 

CASE STUDY 5 – NON-COMPLIANCE WITH STANDARD PROCEDURE RESULTS IN 

FATALITIES 

 

A construction crew, without permission, removed a substantial wooden barricade from an 

unventilated box hole, entered and lit up a cutting torch without testing for flammable gas even 

though a testing instrument was available. 

 

Five persons were killed in the resulting explosion. 

 

The failures: 

1. Unauthorized removal of a barricade. 

2. Unauthorized entry into a barricaded area. 

3. Unauthorized use of a cutting torch. 
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4. Using a cutting torch in an unventilated area. 

5. Failing to test for flammable gas even though there was a flammable gas measuring instrument 

available. 

 



 

 

219 

 

CHAPTER 12 

 

12 PERSONAL PROTECTIVE EQUIPMENT 

 

OBJECTIVE 

 

The market place hosts a variety of personal protective equipment (PPE).  This chapter will 

endeavour to present the types of PPE, the hazard protection they are meant to provide, 

how they should be used, and when they are no longer serviceable.  Protective equipment 

provides limited protection and must be seen only as an interim measure in the absence of 

permanent hazard elimination measures. 

 

Respiratory equipment is not covered in this handbook as it is comprehensively discussed 

in chapter 15 of the SIMRAC Handbook of Occupational Health Practice in the South 

African Mining Industry, 2001 (a sister publication to this handbook). 

 

This chapter should help the reader to choose the correct equipment and to use it correctly.  

It should also assist in highlighting the risks that may be minimized by the use of PPE.  The 

approach adopted is that of reviewing of the hazards against which the particular PPE may 

offer protection, followed by a discussion of the hazards that may result from the use of the 

PPE.  Where appropriate, the areas where PPE is used is also discussed.  

 

Chapter Author:  A Gumbie 

 

Alec Gumbie is a mechanical engineer with an M.Sc. in Mining Evaluation and 23 years 

experience in the mining industry in Zimbabwe, the United Kingdom and Ireland.  Five of 

the above years were as Research Programme Manager responsible for the engineering 

research programme for SIMRAC.  His experience ranges from Engineering Foreperson to 

Divisional Engineering Manager.  He is registered with the Engineering Council of South 

Africa as a professional engineer.  Alec is also an external examiner in the Faculty of 

Engineering, Built Environment and Information Technology at the University of Pretoria.  

He is currently a Principal Engineer at Turgis Consulting. 

 

Chapter Reviewers 

 

B Doyle is an occupational hygienist in the Special Unit of the Department of Minerals and 

Energy 

 

A de Take is an occupational hygienist in the Special Unit of the Department of Minerals 

and Energy 
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B Mongoma is an occupational hygienist in the Special Unit of the Department of Minerals 

and Energy 
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Glossary 

 

PPE:  personal protective equipment 

PVC:  polyvinyl chloride 

Act:  Mine Health and Safety Act 1996, (Act 29 of 1996) 

HIRA:  Hazard identification and risk assessment  
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12.1 Introduction 

 

The Mine Health and Safety Act 1996, (Act 29 of 1996) requires every employer to 

identify risk and eliminate it or, where it cannot be eliminate, to control risk at its 

source.  Appropriate use of PPE is one of the means by which employers can 

control the risk that employees may be exposed to.  Section 6(2) of the Act obligates 

employers to ensure adequate supplies of appropriate PPE for the employees who 

need to use it.  Paragraph 22 (c) stipulates that employees who have to use PPE 

should do so in the required manner and maintain the equipment in a serviceable 

and hygienic condition.  Employees should be given adequate training in the use 

and maintenance of the equipment. 

 

Once the risk assessment process has led to the decision to minimize risk by the 

use of PPE, management must get support from the workers affected, before 

implementation.  This process involves awareness training on the hazards the 

system is aimed to address.  The use of PPE does not eliminate an existing hazard.  

Therefore, it is foolhardy to don a safety helmet and go into areas of unsupported 

roof, for example! 

 

From an occupational safety perspective, PPE is generally required to protect the 

following: 

 Whole body. 

 Head. 

 Eyes. 

 Hands and fingers. 

 Feet. 

 

12.2 Whole Body Protection 

 

Garments (overalls) are commonly used to protect the whole body.  It is 

recommended that these are fitted with reflective material strips in such a way that 

the shape and size of the user can be defined, in areas with very little light, such as 

the underground environment.   

 

Where plain overalls are provided, reflective vests can be worn to enhance visibility 

of the wearer to other workers, especially mobile machine operators. 

 

12.2.1 Hazards against which overalls offer protection  

 

Overall offer protection from: 
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 Abrasions from the side wall. 

 Bruising from sharp edges of stationary machinery. 

 Direct contact with toxic chemicals, including lubricants. 

 Effects of the elements, such as the sun (for surface workers) and 

cold environments, both underground (in shallow mines) and on 

surface. 

 

12.2.2 Hazards that may result from the use of overalls  

 

Unfortunately, there are hazards that come with the use of overalls.  

These include the following:  

 Grossly oversized overalls can be caught up in moving 

machinery, thereby causing injury to the user. 

 Oily overalls are a fire hazard. 

 Torn overalls, with parts flapping loosely from the body, can be 

caught in moving machinery. 

 Overalls inappropriate to the hazard can be useless or even 

dangerous. 

 

12.3 Head Protection 

 

The use of helmets, commonly known as hard hats, offers head protection against 

falling objects and head-bumping hazards.  This section will discuss the common 

hazards where head injuries may occur, the types of hard hats available, where they 

should be worn and some advice on when a hard hat is no longer safe to use.  

Reference should be made to SABS 1438 for hard hat specifications. 

 

12.3.1 Hazards causing head injuries 

 

Some of the most common hazards causing head injuries are: 

 Rock falls in a mine. 

 Falling spillage and other loose debris from a conveyor or crane 

gantry. 

 Hitting head against hanging wall. 

 Hitting head against haulage installations, for example 

compressed air, ventilation and water pipes and cable racks. 

 Falling tools. 
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FIGURE 12.1 - THE DANGER OF FALLING OBJECTS 

 

                       

 

 

FIGURE 12.2 - SOME EXAMPLES OF HARD HATS 

 

 

 

 

Do not be complacent. 

Do not remove your 

hard hat when working 

within a hard hat zone! 
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12.3.2 Where must I  wear a hard hat?  

 

Your risk assessment process will designate areas of mandatory use 

of hard hats.  Below are some examples: 

 It is mandatory to wear a hard hat at all times when underground 

and in any opencast mining area. 

 In all areas like processing plants, where material might fall on top 

of you. 

 In all areas designated as “hard hat” areas, normally designated 

with yellow lines (or any other colour preferred by the 

organization, as long as the entire work force is aware of the 

colour coding) or notices to that effect. 

 Under lifting equipment and conveyor gantries. 

 

If in doubt, always keep your hard hat on. 

 

12.3.3 When is a hard hat unsafe to use?  

 

A hard hat is designed to operate with a harness, or headband 

(Figure 12.3 below refers), firmly adjusted and securely fitting to the 

head, such that the shell of the hat is suspended around and above 

the head.  It offers none or very little protection if the shell sits directly 

on your head, as the “buffer zone” (the space or air gap between the 

head and roof of the hat) is lost, and with it, the capability to absorb 

shock when the hat is struck by an object. 

  

 

 

FIGURE 12.3 - HARD HAT HARNESS OR HEADBAND 
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These are some general guidelines on when a hard hat is unsafe to 

use: 

 When the headband is missing or perished - replace it at once.  

Most designs are such that the head band is replaceable. 

 When the shell is cracked. 

 When the hard hat is brazed, or ultraviolet damaged, identified by 

a discolouration of the shell. 

 Hard hats may be damaged through contact with petrol, paint, 

aerosol sprays or cleaning agents.  Hard hats should be washed 

with soap and water only. 

 

12.4 Eye Protection 

 

Our eyesight enables us to avoid most visible hazards, but unfortunately our eyes 

are often vulnerable to damage caused by small and swiftly-moving objects such as 

those listed below.  Protective measures should be taken to avoid damage to the 

eyes.  Reference should be made to the following SABS standards on eye 

protection: SABS EN 169, SABS 1400, 1404 and 1644. 

 

12.4.1 Hazards that can cause eye damage  

 

The following agents can cause eye damage: 

 Dust. 

 Fine grains of rock, during water jet cleaning operations. 

 Sand particles, during sand blasting operations. 

 Shavings, during a machining process. 

 Filings resulting from surface grinding operations. 

 Compressed air jets or bursts. 

 Water jets. 

 Glare from light, arc and gas welding processes. 

 

12.4.2 How can hazards be minimized? 

 

There are many ways to ameliorate these hazards.  In the context of 

this chapter, the focus is on the use of PPE for eye protection.  The 

following equipment, shown in figure 12.4, can be used:  

 Safety glasses or goggles and face shields. 

 Welding goggles. 

 Welding helmets. 
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Ventilated goggles (suitable for humid areas) 

 

 

 

 

FIGURE 12.4  - SAFETY GOGGLES 

 

The following safety spectacles offer protection against a variety of 

hazards, and are particularly effective against dust, sand and grit, 

because the frames enable a snug fit around the wearer’s face.  

Socket goggles provide a complete seal around eye sockets.  They 

may be used by a variety of trade people, but are unsuited for use in 

conjunction with breathing apparatus. 

 

   

 

Plano lens spectacles Filter lens safety spectacles 
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Headband temples - easily adjusted to offer a snug fit to worker’s face. 

 

FIGURE 12.5 - SAFETY SPECTACLES 

 

Safety spectacles normally have impact-resistant lenses to withstand 

mild impacts.  They are generally more comfortable to wear and are 

therefore more likely to be worn regularly and for longer periods. 

 

12.4.3 Who should wear what and when? 

 

Safety goggles/spectacles: 

 Everybody who goes underground, as there is always dust and 

other airborne debris that could damage eyes. 

 Machinists, during all machining operations, to prevent shavings 

and filings damaging the eyes. 

 All plant operators, where there is moving machinery, as there is 

dust and debris. 

 Maintenance workers. 

 Everyone that enters a processing plant, for whatever reason and 

duration. 

 

Welding goggles and shields: 

 Platter welders and their assistants, to prevent eye damage due 

to bright light from metal surfaces at melting point (Figure 12.5).  It 

is unsafe practice for welding assistants to shut their eyes, or to 

look away during a welding process.  Use eye protection! 
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FIGURE 12.6 - BRIGHT LIGHT EMANATING FROM A WELDING PROCESS 

 

 

 

Goggles and safety spectacles used by welders and their assistants 

must have the appropriate filters for effective protection.  

 

There are a variety of full-face shields available for different 

applications where the entire face needs to be protected, for example 

during sandblasting.  Those required for ARC Welding will have 

lenses with non-visible light protection (Figure 12.7).  Risk 

assessment should guide your final choice.    

 

     

(a)                (b)   
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(c) 

 

FIGURE 12.7 - FULL FACE SHIELDS 

 

12.4.4 Problems with eye protection equipment  

 

 It is uncomfortable and therefore difficult to use for long periods of 

time. 

 It accumulates condensation, making it difficult to see in humid 

conditions. 

 It may restrict the field of vision. 

 It is not suitable for wearing over prescription glasses. 

 It may interfere with the use of respirators. 

 Its surfaces may scratch easily, affecting the field of vision. 

 

12.5 Hands and Fingers 

 

Just think how often you get your fingers and hands bruised every time you work on 

your car or any other machinery in the home!  Think of the bruises on your palms 

and fingers after working with a spade, shovel or hoe in the garden!  The use of 

gloves can save your hands and fingers from injury during working with hand tools 

and equipment.  

 

Examples of hand and finger injuries: 

 Bruising on the outside of fingers due to working in restricted spaces.  A good 

example of this is the tightening or loosening of nuts and bolts during 

maintenance of machinery.  Maintenance crews, watch out! 

 Blistering of the palms and the insides of the fingers, usually during shovelling or 

hand-lashing activities.  Spillage and drain cleaners, as well as hand-lashers, 

watch out! 

 Being struck by metal chips coming off of “mushroomed” chisels or centre punch 

heads. 
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 Fingers caught in moving machinery.  Usually, no glove can help in this 

situation, but gloves may reduce the severity of the injury. 

 Burns caused by accidental contact with hot surfaces. 

 Burns caused by coming into contact with corrosive chemicals. 

 Penetration of fingers or palms by ends of broken wire rope.  Riggers and 

ropemen, watch out! 

 Penetration by wooden splinters during handling and erection of timber supports. 

Support crews, watch out! 

 

 

 

 

 

 

 

TABLE 12.1 - LIST OF HAZARDS, POSSIBLE INJURIES AND PROTECTION REQUIRED 

Hazard Injury Protection 

Restricted spaces in the course 

of maintenance 

Finger and hand 

bruises 

Cotton, rubber, or plastic gloves, 

tight fit for better feel 

Repeated use of 

shovels/spades 

Palm and finger blisters Cotton, plastic, leather or rubber 

gloves 

Hot surfaces Finger or hand burns Leather gloves (Figure 12.7) 

Corrosive chemicals Burns Special rubber and plastic 

gloves that do not disintegrate 

Struck by flying metal chips Skin abrasion, punture Cotton, rubber, or plastic gloves, 

tight fit for better feel 

Struck against machine body 

when working a nut or bolt, and 

spanner slips off 

Knuckle bruises Cotton, rubber, or plastic gloves, 

tight fit for better feel 

Sharp objects Punctured hand or 

finger 

Cotton, rubber, or plastic gloves, 

tight fit for better feel 



 

 

232 

 

  

 

Welder’s gloves A collection of gloves in PVC rubber, cotton and leather 

 

FIGURE 12.8 - SOME EXAMPLES OF INDUSTRIAL GLOVES 

 

12.6 Knees, Shins and Feet  

 

Table 12.2 summarizes the hazards, possible injuries and suggested protection of 

knees and shins.  Your risk analysis process must guide the final choice.   

 

TABLE 12.2 - LIST OF HAZARDS, POSSIBLE INJURIES AND REQUIRED 

PROTECTION 

Hazard Injury Protection 

Slipping and falling May cause death, loss of 

limb, or permanent 

disability, depending on 

height of fall and destination 

Boots and safety 

shoes, with 

appropriate grip 

Struck by object or falling 

ground 

Bruises and fractures, 

depending on size and 

speed of object at impact 

Thigh boots, knee 

boots, sheen pads, 

gumboots 

Working in low width 

stopes 

Knee and shin bruises Sheen pads and 

knee pads 

Working with hot metal 

surfaces 

Burns Foundry boots, 

leather leggings and 

spats 

Bumping against objects Bruises  Gumboots with steel 

toe caps 

 

Figure 12.9 shows examples of acceptable footwear, in and around the mine.  

Figure 12.10 shows examples of footwear that is not acceptable in and around the 

mine. 
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(a) Foundry boot    (b) Gumboot 

 

 

 

(c) Safety boot with ankle protection (d) Safety shoe 

 

FIGURE 12.9 - VARIETY OF ACCEPTABLE FOOTWEAR 

 

 

 

 

 

           

 

FIGURE 12.10 - EXAMPLES OF UNACCEPTABLE FOOTWEAR 

 

This is among the 

acceptable footwear in 

the mining 

environment 
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FIGURE 12.11 - CONTRAST BETWEEN ACCEPTABLE AND UNACCEPTABLE FOOTWEAR 

IN THE MINING ENVIRONMENT 

 

Slipping and falling potentially carries a high risk in the underground 

environment.    A mere slip may result in a fatal fall.  Thus, this hazard must 

be adequately addressed.  

 

12.7 Other PPE 

 

12.7.1 Safety belts and harnesses (fall  protection 

equipment) 

 

Safety belts and harnesses are issued to shaft maintenance crews 

and any other persons whose job requires them to work at heights 

above ground or where they are in danger of falling into shafts, pits 

and so on.  (Reference should be made to SABS 0333, 809, 353 and 

358). 
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12.7.2 Cap lamp 

 

Cap lamps might be the only source of illumination in stopes and 

other areas of the mine that are not lit.  They are the sole source of 

light in situations of power outages.  Therefore, a good quality cap 

lamp is a necessity and must be able to give good light for the 

duration of a shift.  

 

Cap lamps must be maintained in good repair.  The cap lamp battery 

must be strapped on the user by means of a miner’s belt and should 

remain in that position for the duration of the underground shift or 

visit.  The lamp should be secured to the bracket on the front of the 

hard hat, purposely designed for this function.  

 

Cap lamps must be surrendered to the lamp room attendant and put 

on charge immediately after use.  They should remain on charge for 

at least 8 hours before they may be issued again for use.   

 

12.7.3 Respiratory protection 

 

Details of the types available and their selection can be found in the 

SIMRAC Handbook of Occupational Health Practice in South African 

Mining Industry, Chapter 15, Section 15.2, pages 426 – 431. 

 

12.7.4 Hearing protection devices 

 

Details of the types available and their selection can be found in the 

SIMRAC Handbook of Occupational Health Practice in South African 

Mining Industry, Chapter 15, Section 15.3, pages 431 – 436. 

 

12.8 Outcomes 

 

You should be in a position to choose the most appropriate PPE to militate the risks 

that could not be eliminated completely from the different areas of a mine.  This 

chapter would have made you aware of the variety of hazards against which PPE is 

offering protection. 
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12.9 Further Reading 

 

For descriptions of hazards and a selection of appropriate PPE, go to: 

www.OSHA.gov 

www.asosh.org/standards/ppe.htm 

 

US Department of Labor, OSHA 3151-12R, 2003:  Personal Protective Equipment:   

 

SABS 143:  Hat specifications 

 

Eye protection:  SABS EN 169, 1400, 1404 and 1644  

 

Fall protection:  ABS 0333, 809, 353 and 358  

 

SIMRAC 2001:  Handbook of Occupational Health Practice in the South African 

Mining Industry; Chapter 15. 

 

SIMRAC GEN 420, 1998:  Methods whereby noise levels of mining equipment may 

be reduced. 

http://www.asosh.org/standards/ppe.htm

