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Abstract 
Adverse weather conditions have long been known to introduce safety risks to any 

industry whereby workers have exposure to the elements. Despite this awareness, 

there is little published and peer-reviewed evidence to indicate that researchers 

and practitioners have invested effort into understanding weather as a safety issue, 

resulting in fear of the unknown danger and leading organisations to cease or 

highly restrict work activities until conditions return to normal and the system can 

operate as designed. In particular, the models of safety that are favoured by 

practitioners are often not tested by researchers to determine whether they truly 

represent the impacts of adverse weather conditions on socio-technical systems. 

The aim of the study is to increase our understanding of how weather affects a 

socio-technical system so that we may identify opportunities for sustaining 

operations.  

To achieve this, I decided to test four methods of qualitative assessment to 

determine which process was most suitable for addressing the gap that existed in 

the knowledge. I undertook these tests on a case study of the Australian surface 

mining industry in order to apply these practices to a real-life socio-technical 

system. This resulted in both an increase in the understanding of how adverse 

weather conditions affected surface mine operations and allowed me to theorise on 

how the same conditions might apply in other settings. Additionally, I was able to 

determine if adverse weather conditions triggered a shift into degraded modes of 

operation.  

I was able to conclude that semi-structured interview technique was the most 

appropriate method for increasing our understanding of how adverse weather 

affects socio-technical systems. This technique also allowed me to confirm that 

weather is not a hazard. Instead, it is an external condition on a system that 

triggers a shift into a degraded mode of operation. By considering adverse weather 

as an external condition, you can precisely identify the hazards that it generates 

and the controls that will address the causal factors that may lead to the hazardous 

event. Additionally, by regarding adverse weather as a trigger for degraded modes 

of operation, we can differentiate between when work needs to stop in order to 
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prevent failure of the system, and when we need to implement effective restrictions 

that will allow us to sustain operations. 

Key terms and definitions 
The key terms highlighted in this study have numerous variants on their definitions. 

Therefore, for this paper, the terms are defined as follows.    

Contributing factor 

Also known as ‘causal factor’, a contributing factor is an anteceding action, theme 

or attribute that an investigator or researcher will determine to have resulted in an 

accident.  

Hazard 

A source of harm with the potential to result in an accident.  

Loosely-coupled and tightly-coupled systems 

A loosely-coupled system’s components have minimal interactions or 

interdependencies, and therefore it is unlikely or less likely to cease operations 

when a component is absent or fails.    

Inversely, a tightly-coupled system’s components have a high number of 

interactions and interdependencies, and therefore the system is more likely to be 

impacted when a component is absent or fails.  

Qualitative research 

As defined in Creswell (2014, p 4) 

Is an approach for exploring and understanding the meaning individuals or 

groups ascribe to a social or human problem. The process of research 

involves emerging questions and procedures, data typically collected in the 

participant’s setting, data analysis inductively building from particulars to 

general themes, and the research making interpretations of the meaning of 

the data.  
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Semi-structured interviews 

As defined in Creswell (2014, p 190) 

These interviews involve unstructured and general open-ended questions 

that are few in number and intended to elicit views and opinions from the 

participants.  

Socio-technical systems 

A complex system that includes the interaction between human operators and 

technical processes.   
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Chapter 1. Introduction 

1.1. Context of the study 
I remember the day my perspective on workplace health and safety changed. I 

was working as a safety practitioner and a member of the Emergency 

Response Team in a thermal coal mine in south-east Queensland, and my 

husband had just started at the same mine as a Field Fitter. The emergency call 

came over the two-way radio: Emergency, emergency, emergency. Equipment 

fire at the loading area. As I made my way down to the bottom of the pit, I was 

terrified that I would find my husband injured. I had been working as a safety 

practitioner for five years and for the first time I found that I truly understood that 

every incident recorded in our database was a person, fully susceptible to the 

whims of human behaviour and beyond my ability to control.  

Luckily, no one was hurt that day, but there were other days when my 

husband’s new co-workers and friends were less lucky. Knowing their faces, 

names and the families behind them helps me to approach safety differently - 

they are no longer a number to blame. I now appreciate that they are an integral 

component to the success of the mining system and often inhibited by the 

safety bureaucracy that is designed to keep them safe. I take the approach that 

the best way to improve safety is to talk to each member of the system, try to 

understand their roles, their interactions with the technical aspects of the 

system and interpret the importance or meaning that they construct in their work 

environments. It is important to me that my research project works towards 

unravelling some of the bureaucracy that hamstrung the people I was working 

to protect. 

When I commenced my research project, I approached my employer, and we 

worked together to choose a topic that was of interest to both of us. I wanted to 

choose a risk area that was critical to mining, and where the findings would be 

transferable across other industries. Like most organisations, my employer is 

continuously balancing along the boundary between safety and production, so 

choosing a topic that improved their understanding of this boundary is of value. 

We landed on the topic of adverse weather for these two reasons:  

1. It regularly affects every mining operation across the world, to the 

point that we provide for a contingency in our contracts, and 
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2. Despite this criticality, we invest minimal effort into understanding its 

actual effects on our socio-technical systems.  

This combination of high impact and poor understanding has led to fear 

developing within the industry. How do we control what we know is 

uncontrollable? How do we provide for a contingency for events that we expect 

to eventuate, yet we can barely predict likelihood or consequence? Is it through 

bureaucratic safety protocols that shut down our operations the moment the 

threat of adverse weather affects our socio-technical systems? I am not sure, 

but I am keen to explore opportunities to increase our understanding.  

1.2. Motivation for the study 
Adverse weather conditions have long been known to introduce safety risks to 

any industry whereby workers have exposure to the elements. It is becoming an 

increasingly popular topic as the climate change debate highlights both the 

effects of the environment on and from industry. Despite this awareness, 

researchers and practitioners have invested little effort into understanding 

weather as a safety issue, resulting in a fear of the unknown danger and leading 

organisations to cease or highly restrict work activities until conditions return to 

normal and the system can operate as designed. In particular, the models of 

safety that are favoured by practitioners are often not tested by researchers to 

determine whether they truly represent the impacts of adverse weather 

conditions on socio-technical systems. It would be interesting to know if the 

existing models of safety can represent weather as a safety issue, and if they 

do not, what mechanism we can utilise to achieve a greater understanding of 

how a system behaves in adverse weather conditions 

1.3. Aim and scope of the study 
The aim of the study is to increase our understanding of how weather affects a 

socio-technical system so that we may identify opportunities for sustaining 

operations. To achieve this, I have decided to select a variety of qualitative 

assessment methods and test their suitability for representing and analysis the 

threat of weather. I will undertake these tests on a case study of the Australian 

surface mining industry in order to apply these practices to a real-life socio-

technical system. This will allow me to conduct an in-depth exploration of the 
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mining operation and determine how the learnings may be applied to similar 

situations in other industries. 

I decided to limit the sample to Australian surface mines that are operated by a 

single mining organisation. By focusing on one organisation and Australian 

mines only, I can compare a range of climates and geologies without diluting 

the results with jurisdictional and cultural influences expected. Underground 

mines are excluded from the study as they are not affected by weather in the 

same manner as surface mine. Finally, I have also excluded extreme weather 

events such cyclones or widespread flooding as they typically result in 

evacuation of the effected mines and are supported by government emergency 

services.  

1.4. Significance of the study 
There are two intended outcomes of this study. Firstly, from a theoretical 

standpoint, I wish to examine the existing methods of assessing and 

representing safety within a socio-technical system to determine what research 

techniques are appropriate for understanding the effects of weather and may be 

transferred to a practical environment. This will provide a benefit to researchers 

and practitioners as the tools are often utilised by both communities. Secondly, I 

wish to treat this study as a pilot for further research and identify weather-

related issues specific to the mining industry that require practical solutions to 

be trialled and tested.   

1.5. Overview of the study 
This thesis is organised into five chapters. Chapter 1 is the introductory chapter, 

and the following is an overview of the four further chapters. 

Chapter 2 provides the background information that establishes the context of 

the study. It includes a literature review that outlines the existing safety theory, 

illustrates the discourse amongst safety researchers on the threat of adverse 

weather conditions to socio-technical systems, and discusses how theorists 

expect the existing models of safety should represent weather. It also describes 

the stance I have taken as the researcher and justifies the choice for 

undertaking a case study on the Australian surface mining industry. It outlines 

the research design for the case study and discusses the conclusions drawn 

from the background chapter in determining the research questions. 
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Chapter 3 discusses the preliminary testing that I undertook to examine the 

suitability of the existing models of safety. Each sub-section discusses the 

supporting theory for the model, the tests that I undertook and the findings and 

conclusions that I was able to draw.  

Chapter 4 discusses the data that was collected from the case study and the 

patterns of meaning that I have generated from the results. I compare and 

contrast my interpretations with those of other researchers and outline my own 

contribution of knowledge. This chapter demonstrates how our understanding of 

the threat of adverse weather conditions on surface mining operations has 

increased, and discusses how the outcomes of the case study can be applied 

across other industries.  

Chapter 5 outlines the conclusions drawn from the case study and responds to 

the aim of the study.  

Chapter 6 outlines potential agendas for future case studies.     
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Chapter 2. Background 

2.1. Weather as a safety issue 
Researchers hold mixed perspectives on the role weather plays in system 

operation and accident causation. They typically define it in three ways:  

1. As a source of harm to humans1 with direct exposure to adverse 

weather conditions that must be minimised through the use of barrier 

controls and treated after the event with first aid protocols  

2. As a hazard in accident causation models that is uncontrollable, which 

operators must avoid by eliminating or ceasing work activities during 

adverse weather conditions, or 

3. As a hazard in human factor models that is uncontrollable, which system 

designers must manage by improving decision making processes of 

operators working in adverse weather conditions.  

Research studies that examine the impact of adverse weather on humans with 

direct exposure regularly take the form of examinations of the effect of heat and 

cold stress on the human body and the barriers that system designers can 

install to mitigate this risk. Specific examples within the mining industry include 

Hassi et al.'s (2000) study on cold exposure injuries in the United States of 

America, and Hunt et al.'s (2012) examination of heat stress occurrences 

amongst surface mine works in Northern Australia. Despite discussing the 

presence of the weather conditions (ice, rain, tropical heat) that are contributing 

to the accident, little discussion is available as to what relationship these 

weather conditions have with the socio-technical system. This individualistic 

focus is concerned with the physical conditions or causes (hot, cold, slippery) 

that are present during or immediately before the event (Leveson, 2004, p 241) 

and what effect they have on the systems of the human body or how they may 

increase the rate of accident occurrence.  

While this approach may aid in the design of contingency controls or the 

prediction of seasonal increases in accident occurrence, it does little to 

contribute to the understanding of how a system operates in certain weather 

                                            
1 It should be noted that while it is common practice to include damage to plant and equipment 
when defining what is a safety issue, the studies identified and referenced during this literature 
review only considered harm to humans.    
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conditions. For example, the before mentioned papers provide little explanation 

as to how the adverse weather conditions arose - or if they do, they assume 

that they are a naturally occurring event. While these physical conditions could 

arise naturally from the weather, they could also be artificially manufactured by 

the system or as an unexpected interaction of both. By exploring the effect that 

weather has on socio-technical systems and the creation of new and 

unexpected interactions, we have an opportunity to identify more significant 

opportunities for improvement. 

Research studies that are discussing the use of safety models - including both 

accident causation and risk assessment tools - often identify weather as a 

contributing factor, but quickly exclude it from the study due to its inherently 

uncontrollable and somewhat unpredictable nature. An example of this is 

Rosewater and William's (2015) analysis of safety models in lithium-ion grid 

energy storage systems. The authors identify weather as an external influence 

with 'unknown effects on the assumed structure' (p 467) and discuss it no 

further. Likewise, Baker et al. (2006) identify that when an emergency medical 

service helicopter crash occurs in 'bad weather', it is eight times as likely to 

result in a fatality and their summarised recommendation is that the decision to 

fly in these conditions must be 'judicious' (p 352). This kind of thinking is not 

uncommon and is even understandable when most safety models lead their 

users to search for the source of harm and establish controls to mitigate the 

risk. When searching for controls, there is little use in exploring what is deemed 

to be uncontrollable. 

Research studies that discuss the process of operator decision making while 

operating in adverse weather conditions tend to consider the combination of two 

theoretical approaches: Resilience Engineering and Human Factors. Hollnagel 

et al. (2006) and Rankin et al. (2014) theorise that socio-technical systems must 

be designed to sustain operations during adverse weather conditions or quickly 

recover once removed. Again, researchers consider the weather as an external 

influence on the system, however, now designers must identify controls to 

enable operators to make judicious (or safe) decisions or limit the functions 

where they are required to do so.  These controls typically take the form of 

documented procedures and operator training.  
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These types of studies predominately reside in the aviation and maritime 

industries where the weather is a well-recognised safety issue. Morel et al. 

(2008) and Rezaee et al.'s (2015) are both great examples of this. While these 

studies are beginning to achieve a greater understanding of the influence of 

weather on operations, they remain limited by the current understanding of the 

role that weather plays in these models. By testing the existing models of safety 

to explore how they represent adverse weather, we can explicitly confirm, clarify 

or discount their suitability for this purpose.  

Johnson and Shea (2007, p 89) begin to explore this concept as they introduce 

four distinct states of operation in socio-technical systems, as defined by the UK 

Railway Group Standards (cited in Johnson and Shea, 2007). By removing the 

industry-specific terminology, the generic definitions are: 

• Normal Operations – the way in which a system is designed to operate 

• Abnormal Operations – situations that arise from extreme loading on the 

system 

• Degraded Operations – where part of the system continues to operate in a 

restricted manner 

• Emergency Situations – unforeseen or unplanned event which has life-

threatening or extreme loss implications 

Johnson and Shea propose that weather introduces 'extreme loading' (p 89) 

onto a system which in turn shifts it from a state of normal operations to 

abnormal. Emergency situations may then be triggered when the loading 

reaches a point that may result in an extreme loss. Figure 2-1 illustrates these 

two transitions. Alongside abnormal operations, Johnson and Shea propose 

that systems can shift into a state of degraded operations as critical elements of 

the system are restricted or removed, but unfortunately, there is no further 

discussion on the role of adverse weather. What they do discuss is the 

increased occurrence of accidents during this state and attribute this to the 

degraded modes eroding the 'safety margins that usually protect the normal 

operating practices' (p 94), a phenomenon which may be more accurate in 

explaining the effects of weather. 
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Figure 2-1: Overview of degraded modes in the transition to emergency situations (Johnson and 
Shea, 2007, Figure 1, p 90) 

It is well established that researchers perceive weather to be an external 

influence on a system that leads to extreme loading or increasing the presence 

of hazards to operations. As a hazard introduces potential danger to a system, 

most safety models would suggest that some form of control must mitigate this 

risk. Due to the uncontrollable nature of weather, particularly in a surface mine, 

little effort is spent in determining preventative controls and often operations 

cease once it is determined that there is a shift from normal to abnormal 

operations (illustrated in Figure 2-2), often as a result of the fear of uncertainty 

that weather introduces. This perception limits our consideration of weather 

during the design of safe systems as it does little to consider the actual effects 

of this risk.   

 

Figure 2-2: Weather increases load on the system and/or hazards to operations 
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Perhaps it may be more accurate to consider adverse weather as a trigger for 

degraded modes of operation as opposed to relying on the notion that weather 

is uncontrollable or assuming that it increases loading on the system causing 

our controls to work harder as Johnson and Shea suggest. As the weather 

begins to influence a system, it erodes safety margins. In a surface mine, for 

example, weather degrades roads, geotechnical stability, machine condition or 

the effectiveness of personal protective equipment. The system is degrading as 

fundamental elements (mine roads, dam walls, dump trucks) are restricted or 

reach a state where there is potential for extreme loss (illustrated in Figure 2-3).  

 

Figure 2-3: Weather degrades a system 

Rather than anticipating the complete failure of the system and ceasing 

operations, perhaps there is an opportunity in this state to sustain operations. 

This approach would juxtapose the work of Johnson and Shea in mitigating the 

increased risk during degraded modes of operation, but it may support the 

application of resilience engineering principles to system design. Testing of this 

approach is essential if we want researchers to shift their perspective from the 

drive to install additional controls, to understanding how existing controls 

behave once they begin to degrade. It is pivotal to establish the threat of 

adverse weather on socio-technical systems if researchers and practitioners are 

to achieve a greater understanding of how a system operates in adverse 

weather conditions and find opportunities to mitigate the risk.  
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2.2. Methodology and research design 
The philosophical worldview that I propose to take in my research is that of a 

social constructivist, which leads me to choose qualitative methods of research 

when undertaking this project. Based on the guidance of Creswell (2014, p. 8-

9), I see my role as a social constructivist researcher is to ‘make sense of (or 

interpret) the meanings others have about the world’ – meanings which we 

formulate through our social, cultural and historical influences. The participants 

of my study may not be aware of the importance they place on the information 

they present, and therefore I must employ research methods that will inductively 

generate the meaning from the data collected.  

The qualitative approach that I will utilise involves examining a phenomenon 

and identifying patterns of meaning that will lead to theory development, rather 

than commencing research with a hypothesis that is then proven or disproven. 

A central research question will be developed that focuses on the exploration of 

the phenomenon, followed by several sub-questions that narrow the scope of 

inquiry (Creswell, 2014, p. 140-142). Creswell suggests that one of the key 

benefits of this research design is that it allows for the emergence of patterns as 

the study develops, rather than confining the study in the early stages. It is this 

exploratory approach that led me to select this technique. Additionally, this 

approach allows the researcher to develop new theory rather than just testing 

existing knowledge (Neuman, 2014, p. 20), a useful concept considering that 

during my early investigations, there was limited knowledge available that 

addresses my research problem.   

One of my concerns in choosing a qualitative research approach is that it is 

often deemed to be a less scientific than quantitative methods. I find this is 

particularly true within the organisation that I work and plan to conduct my case 

study on, where my intended participants come from engineering and more 

classically scientific backgrounds and place a higher value on quantitative data. 

To combat this potential for bias, Lune and Berg (2017, p. 12) recommend to 

qualitative researchers that they should ensure their research can withstand 

scrutiny and further testing once the researcher establishes their theory. They 

propose that the best way to accomplish this is through precise research, 

careful design and explicit writing techniques. I found this technique particularly 
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useful during my candidature confirmation and when I was seeking approval to 

undertake my research with my employer.   

When designing my qualitative research methods, I decided to undertake a 

case study on the mining industry. My primary reason for choosing this method 

is because I have a long-standing career in this industry and I have current 

employment in the world's largest contract mining company. This access to the 

mining industry provides two critical benefits to my research. The first of which 

is that I will have ready access to research participants, safety management 

exemplars and Australian surface mines.  

With minimal roadblocks preventing me from collecting data, I have an 

opportunity to find out everything I can - within my limited period to undertake 

this study - on how adverse weather affects Australian surface mines. Evans et 

al. (2014, p. 86-87) explain that by conducting a case study, the researcher 

does not merely investigate the characteristics of a central phenomenon. 

Instead, they are in a position to scrutinise an example of ‘larger phenomena’ 

and assuming the case study is successful, it then allows for the development 

of theory that is transferable to other settings. Therefore, from the beginning, my 

research is at an advantage through my direct access to the subject at hand.  

The second critical benefit that my career provides to my research is that it 

positions myself as an insider researcher. Bonner and Tolhurst propose three 

advantages to researchers in this position: 

1. Having a greater understanding of the culture being studied 

2. Not altering the flow of social interaction unnaturally, and 

3. Having an established intimacy which promotes both the telling and 

the judging of truth.  

Bonner and Tolhurst, 2002, cited in Unluer, 2012, p.1 

Unluer (2012, p.1) takes this further by suggesting that insider researchers also 

have a good understanding of the politics of the institution within which they are 

examining, and therefore know how best to approach people. This 

understanding would allow me to conduct an in-depth study utilising a variety of 

data collection methods with minimal impact on the organisation.  
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In contrast, this position within the organisation also poses a risk to my 

research. As Creswell highlights: 

Researchers recognise that their own backgrounds shape their 

interpretation, and they position themselves in the research to 

acknowledge their interpretation flows from their personal, cultural, and 

historical experiences. 

Creswell, 2014, p.8 

While this lends itself to the benefits outlined by Bonner, Tolhurst and Unluer 

above, I also run the risk of allowing my own bias to influence my research. To 

ensure the credibility of my study, I must maintain a constant awareness of my 

own bias and its possible effects and ensure I communicate this to my 

stakeholders through the data collection process (Unluer, 2012, p. 2).  

One last risk to my choice of research design is the extensive work that is 

involved in ensuring the success of a case study. Evans et al. warn researchers 

are careful to warn researchers that this method is ‘far more ambitious and 

involves more work’ (Evans et al., 2014, p. 86). This difficulty is due to the need 

to generalise the findings so that the researcher can then apply them to similar 

situations. As I am treating this study as a pilot program for my PhD and 

therefore I am less concerned with this risk. I intend to utilise this case study to 

identify opportunities for further research, both within the safety theory body of 

knowledge and the global mining industry.   

2.2.1. Research questions 
A central research question that I have developed to focus on the exploration of 

my research problem is as follows: 

How are Australian surface mines effected by adverse weather 
conditions?  

To narrow the scope of inquiry and explore both the process of safety modelling 

of adverse weather and the operation of Australian surface mines within 

adverse weather conditions, I propose the following sub-questions.  

1. How do existing models of safety represent the effects of adverse 

weather conditions on Australian surface mines? 
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a. How does the model represent how a mine operates in adverse 

weather conditions?  

b. Is the model suitable for identifying and analysing degraded 

modes of operation concerning the influence of weather on 

mining? 

2. Is work stopped or restricted during an adverse weather event? 

3. Is work stopped or restricted because it is dependent upon other work 

occurring? 

4. What information informs the decision to stop or restrict work? 

5. Is there work at the mine that is not stopped or restricted during an 

adverse weather event? 

6. Is there a centralised control point that stops or restricts the work, which 

may be too conservative or too late? 

2.3. The case study 

2.3.1. The mining industry 
One of the benefits of conducting a case study on the mining industry - 

particularly when it comes to weather - is that compared to other industries the 

process of mining is a relatively simple, loosely-coupled socio-technical system. 

It is not the complexity of the work processes that classify it as a high-risk 

industry. Instead, it is the sheer scale of the equipment involved in the 

processes, the volume of explosives and geologic materials and the proximity of 

the human interactions that makes the work dangerous. When it comes to those 

tasks with exposure to weather, the work processes are relatively simple albeit 

using complex technical systems such as the earth moving equipment and 

processing plants. 

An example that I will regularly use throughout the study is a typical haul circuit. 

A haul circuit starts at the coal face – and I do not mean this as a turn of phrase. 

The area of the mine where the ore or coal is extracted and loaded has a 

variety of terms to describe it, but most commonly it is known as the loading 

area, dig face or coal face. For the purposes of this study, we will use the term 

loading area.   

A bulldozer will create a ramp into the bottom of a mine pit through material that 

has been loosened through blasting to establish the loading area. Once access 
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is established, an excavator or shovel will enter and take control of the loading 

area. Their purpose is to excavate the blasted material and load it into haul 

trucks. The haul trucks will then exit the loading area and cart the material along 

a haul road to a designated dumping area.  

The trucks will take the loading to a designated dumping area, typically 

dependent upon the type of material they are hauling. They will deliver coal or 

ore to a stockpile area to await processing, and overburden (rock or soil 

overlying a mineral deposit) to a waste dump. Both of these dumping areas are 

under the control of a bulldozer who will conduct finer repositioning or blending 

activities. Upon emptying their loads, the haul trucks will then return to the 

loading area to repeat the cycle (as illustrated in Figure 2-4). 

 

Figure 2-4: Simplistic illustration of a haul circuit 

This process in its purest form and the threat that weather imposes could be 

easily transferable to other industries. For example, I could liken this cycle of 

moving large, human-operated equipment from point a to point b to the aviation, 

maritime or rail industries. Alternatively, the process of extraction while in an 

external environment is similar to the oil, gas, timber or agriculture industries. 

While the mechanics of these work processes may not be identical, there are 

undoubtedly opportunities for further examining the outcomes of this study as 

they apply to similar situations.   

2.3.2. Surface mining versus underground mining methods 
The global mining industry will typically utilise two methods of operations to 

extract coal and ore: underground and surface mining. Underground mining is 

the method that popular culture commonly depicts. Although, modern 

underground mining has come a long way from the turn-of-the-century imagery 

of dirt covered miners wielding pickaxes, sticks of dynamite, candles and 

canaries as their primary tools of the trade. The dirt covered miners still exist, 



 15 

but many work processes are now highly technical, machinery-based and often 

automated to minimise the risk to workers.  

What is typical of every underground mine is that the mine owners will drill 

below the overburden to extract the coal or ore. The overburden will remain in 

situ, and the miners will develop a series of declines, shafts or tunnels to get the 

equipment into the mining area and the product back up to the surface. I 

illustrate a straightforward example of a shaft mine in Figure 2-5. While it is still 

affected by weather, typically through water inrush and the degradation of 

geotechnical stability, an underground mine does not have to deal with the 

same impacts as a surface mine. It is for this reason that I exclude underground 

mining exemplars from this case study.

 

Figure 2-5: Simplistic illustration of an underground mine haul circuit 

In comparison, surface mines (also known as open-cut, open-pit and strip 

mines) will remove and relocate the overburden to access the coal or ore. This 

technique typically results in the construction of giant pits that are visible from 

some highways, low flying aircraft and Google Maps. I again provide a simple 

illustration of a haul circuit in Figure 2-6. Unlike an underground mine, a surface 

mine does not have a roof, and the vast majority of the work processes have 

exposure to weather conditions. Some infrastructure may offer protection to the 

workers and the equipment, such as the offices, workshops or the processing 

plant, but this is entirely dependent upon the design of the mine and is not 

always the case. 
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Figure 2-6: Simplistic illustration of a surface mine haul circuit 

Conditional upon the location and the budget of the mine, a workshop will often 

have a roof and two opposing walls. With openings either end, this design 

allows the mechanics to move equipment in and out of the workshop freely, 

captures any breezes that are passing through the site and provides cost-

saving opportunities to the mine owner. The downside of this is that there is a 

degree of exposure to adverse weather conditions, expressly high winds, heavy 

rains, dust, heat and cold. Likewise, a typical coal handling and preparation 

plant has very few components that are protected from the elements and are 

designed to operate in all weather conditions with exposed conveyors, steel 

mesh floors and stairs.  

Outside of the infrastructure areas, workers have minimal shelter from the 

elements. Other than the equipment that they are operating, the only other 

shelter for the workers are the crib huts. These are often demountable buildings 

that provide kitchen and bathroom amenities for the workers within the mining 

area. The surface mining system has much more significant exposure to 

adverse weather conditions and limiting the study to surface mining along will 

provide an extensive same of weather events. 

2.3.3. The Australian mining industry 
Australia has a rich history in the mining industry. Our first coal deposit was 

discovered in the late eighteenth century near Newcastle, NSW and we were 

inundated with prospectors during the gold rushes of the 1950s (Geoscience 

Australia, n.d.). During the resources boom which commenced in the late 

twentieth century, mining expanded rapidly to include mineral deposits across 

every state and territory. Exploration permits and mining leases were approved 

by the state regulators, offering a geographically and geologically diverse 

collection of mining operations within Australia (Figure 2-7 broadly depicts this 

spread).  
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Figure 2-7: Map of Australian Operating Mines, 2012 

The organisation within which I work has been operating mines in Australia for 

over eighty years, conducting the majority of their mining work in the Pilbara 

Region in northern Western Australia, the Hunter Basin in eastern New South 

Wales, and the Bowen Basin in central Queensland (See Figures 2-8, 2-9 and 

2-10).  
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Figure 2-8: Map of Australian Operating Mines - Inset 1 (Pilbara Region), 2012 

 

Figure 2-9: Map of Australian Operating Mines - Inset 2 (Hunter Basin), 2018 
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Figure 2-10: Map of Australian Operating Mines - Inset 4 (Bowen Basin), 2012 

These regions provide similar environmental climates in that they often fall 

within the desert, temperate or grassland classification groups (Bureau of 

Meteorology, 2014). The wet season is short and rarely extreme, with the only 

exception being increased rain and flooding due to the occasional cyclone. It is 

safe to say that the normal conditions that our organisation have become 

accustomed to operating in are persistently dry, hot seasons, more often in 

drought rather than prolonged rain periods. Winter temperatures that rarely fall 

to zero and summer often hit highs of forty-plus degrees.  

In recent years, our business has expanded, and we now operate a variety of 

mines across Asia, Africa and the Americas. As we extended globally, we 

began to experience new climates that, while they initially were perceived to be 

a risk to the business, became the new-normal for how we operate our mining 

systems. We were surprised to discover that our Indonesian mines continue to 

operate throughout monsoonal seasons, and our Canadian and Mongolian 

mines operate in snow and ice at temperatures falling below minus forty 

degrees. Our Chilean mines operate in the driest location on Earth at an altitude 

of 3000 metres above sea level. The organisation quickly realised we could 

leverage off of how these mines were operating in what Australian mines would 

perceive to be adverse conditions. 
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Sounds easy right? We soon found out this was not the case. Each jurisdiction 

within which we operate has its own set of social, historical and cultural factors 

that influence many of the decisions we make when designing our mines. 

Commodity prices dictate our contract values, local regulators determine how 

complicated our environmental or safety management systems need to be, and 

social opinions influence our ability to attain financing or permits from 

authorities. Even though I was considering a topic that has a substantial focus 

upon the whiles of mother nature, these unique jurisdictional influences were 

too significant to ignore.  

I have therefore decided to limit this study to the Australian mining industry, 

which is not without its own social, historical and cultural influences. Our 

organisation continues to operate mines within the Pilbara Region and the 

Hunter and Bowen Basins, separately working in accordance with the 

requirements of the highly regulated State mining departments. Each region has 

its own union influences which impact the methods in which we employ, train 

and retain our workers.  Additionally, each region is affected by the social 

voices of the different community groups and lobbyists. The Hunter Basin is 

particularly susceptible to this due to its proximity to highly populated 

communities. 

Despite these external influences, I believe these three regions will provide an 

excellent set of case study data. The sample will utilise operating techniques 

that are similar enough so that I can compare and contrast the differences that 

the climate, geological and geotechnical characteristics introduce. This focus is 

essential in assessing the threat of adverse weather conditions and the effect 

on the mines and their workers. While the external influences will no doubt still 

contribute to how the mines respond to the change in weather conditions, I will 

have the ability to distinguish between what controls are a result of the work 

environment and what is due to the political influences surrounding the 

operations.   

2.3.4. The contract mining organisation 
The study was conducted on a contract mining organisation who recognises 

that they have established a risk-averse culture concerning working in adverse 

weather, with a reliance on practice, experience and hearsay to inform their 

decisions. A lack of research on weather safety in mining (especially surface 
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mining) and the embedment of inadequate models of safety in the industry has 

cemented these reliances and limited the industry's ability to explore how 

weather affects their operations. This culture is not something the organisation 

necessarily want to change. Instead, they want to ensure that as innovations 

are explored and tested, that they are done so in a way that continues to place 

a priority on the safety of their workers. Therefore, the first step for the 

organisation and the primary objective of this study is to improve the 

understanding of how the system operates in adverse weather and determine 

appropriate models of safety that can be further analysed to identify the 

opportunities for improvement.  

Unfortunately, one of the difficulties this organisation faces is the ability to 

embed long-term improvement strategies due to the nature of their business. As 

a contract mining company, they are engaged by the mine owners to operate 

part or all of the mine on their behalf. The purpose of this may be to provide 

expertise that a small miner may not have in house, leverage off of the 

contractors purchasing ability due to a larger volume of work in hard, or access 

the contractor’s resources (workforce, fleet) where there may be a shortage in 

the industry. Whatever the reason, the focus is for the contractor to provide cost 

saving benefits to the owner that they cannot achieve if they were to operate the 

mine themselves. The difficulty for the contract miners is that the contract terms 

are typically for only a few years and therefore the investment in long term 

assets and infrastructure improvements, the kind that are often required to 

sustain operations in adverse weather conditions, is often unjustifiable.  
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Chapter 3. Are existing models of safety appropriate 
for understanding weather 

3.1. The use of safety models to represent weather 
As researchers begin to explore the safety of complex systems, there is a 

desire to find a safety model that adequately represents how the system 

operates. This systems thinking approach has recently given rise to new models 

or methods that analyse socio-technical systems holistically. This shift has also 

triggered a review of the adequacy of the existing systems that both 

researchers and practitioners utilise to represent accident causations and 

system designs. Tools that utilise the Swiss Cheese Model have attracted 

criticism in recent times due to their linear form and their deficiency in capturing 

system complexity (Dekker, 2011; Leveson, 2011; Hollnagel, 2012). These tools 

include the Risk Matrix model for system design and the accident causation 

methods such as the Incident Cause Analysis Method (ICAM) which 

practitioners commonly adopt in the Australian mining industry.  

Swiss Cheese Model still has numerous supporters throughout the research 

community, including Underwood and Waterson (2014) who recommend the 

use of the Australian Transport Safety Bureau Model (similar to ICAM) by 

practitioners' due to its usability. They also suggest that it demonstrates 

systems thinking albeit in a succinct manner. Likewise, Bonsu et al. (2016) 

indicate that ICAM provides the additional detail required to represent a system 

while providing a method that is easy to use and readily adopted by 

practitioners. As a result of this discourse, I find it is relevant to compare and 

contrast the Risk Matrix model with two socio-technical methods of system 

design and accident analysis: Leveson's Systems-Theoretic Accident Model 

and Processes (STAMP) (2004) and Hollnagel's Functional Resonance 

Analysis Method (FRAM) (2012).  

A model that the global mining owners have collaborated on is the International 

Council of Mining and Metal's (2015) Health and Safety Critical Control 

Management method. The Critical Control Management Process elaborates on 

the Swiss Cheese Model (see Figure 3-1) and proposes the use of the Bow Tie 

Model (see Figure 3-1) for control identification and a Decision Tree (see Figure 

3-3) for control classification. Once the user identifies the critical controls, they 
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then place effort into monitoring and reporting on their performance to ensure 

they continue to operate as designed. The guidance material provides excellent 

working industry examples, and it is evident that practitioners have developed 

the method specifically for use by other practitioners. Unfortunately, it doesn't 

introduce a new method of representing safety and only elaborates on the 

beforementioned linear modelling widely accepted by the industry. Therefore, I 

have chosen not to explicitly examine this method as I believe my testing of the 

Risk Matrix model will serve the same purpose. 

[IMAGE REDACTED] 

Figure 3-1: Critical Control Management Process, International Council of Mining and Metals 
(2015, Figure 1, p 7) 

[IMAGE REDACTED] 

Figure 3-2: Critical Control identification process, International Council of Mining and Metals 
(2015, Figure 3, p 11) 

[IMAGE REDACTED] 

Figure 3-3: Critical Control decision tree, International Council of Mining and Metals (2015, 
Figure 4, p 13) 

Finally, a model that is currently under discussion in the mining industry within 

Queensland, Australia, is Hassal et al.'s (2014, 2016) Strategies Analysis for 

Enhancing Resilience (SAfER). The authors are supportive of the newer socio-

technical models of safety in representing complete socio-technical systems, 

including STAMP and FRAM. They are also quick to highlight some of the 

pitfalls of these methods. Firstly, they highlight that STAMP is helpful with 

identifying controls across a system but is not 'tailored to the unique aspects of 

human control' (2014, p 165). Secondly, they add that while FRAM helps 

identify variability in functions, it does not guide users in how to perform 

functions at their best.  

Hassall et al. suggest that SAfER may complement FRAM and STAMP and 

provide additional information that the models are lacking. However, after 

several trials, the authors conclude that SAfER is still early in its design and 

currently have the same weaknesses that researchers regularly attribute to both 

FRAM and STAMP. That is, it requires specialist training and is time-consuming 

to use, and therefore the trials thus far have been incomplete. It is for these 

reasons that I have decided not to test this model in this study. 
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3.2. Risk Matrix Model 

3.2.1. Theory 
The Risk Matrix Model is a tool that is designed to allow the user to quantify risk 

levels based on the likelihood of a hazard eventuating and the anticipated 

consequences if it does. The quantities present in an array (refer to the example 

in Table 3-1), and while the practice is often prescribed by regulators or through 

standards, individual organisations are required to customise their matrix to suit 

their needs. As discussed in the previous section, the Risk Matrix Model is often 

preferred by both researchers and practitioners due to its usability. The concept 

is easy to grasp, and therefore it has minimal training liability for organisations 

who wish to approach risk management with what is perceived to be a 

quantifiable method. 

 Consequence 

Negligible Minor Moderate Major Catastrophic 

L
ik

e
lih

o
o
d
 

Almost Certain Medium High High Extreme Extreme 

Likely Low Medium Medium High Extreme 

Possible Very Low Low Medium Medium High 

Unlikely Very Low Low Low Medium High 

Rare Very Low Very Low Low Medium Medium 

Table 3-1: An example of a Risk Matrix 

I have not been able to identify the origins of the Risk Matrix Model, but it was 

undoubtedly designed to support James Reason's Swiss Cheese Model (as 

illustrated in Figure 3-4). When undertaking the risk assessment, the user 

should follow a process similar to the following steps, in order to identify the 

likelihood and consequence of a hazard eventuating.  

1. Identify hazard 

2. Identify the potential losses 

3. Assess the likelihood or probability of the event occurring 

4. Assess the magnitude of the consequence if the event occurs 

5. Identify controls or barriers to prevent the event from happening or 

mitigate the loss once it does transpire 
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Figure 3-4: The Swiss Cheese Model (Bonsu et al., 2016, p 777) 

Mining is one of the many global industries that has institutionalised the use of 

the Risk Matrix model as the primary tool for conducting risk assessments. The 

practice of identifying hazards, their likelihood and consequence and mitigating 

controls to minimise the risk to As Low As Reasonably Practicable (ALARP), is 

embedded in legislation (such as Queensland Department of Natural Resource 

and Mines, 2003), standards (International Organization for Standardization, 

2009) and industry good practice guidelines (such as International Council of 

Mining and Minerals, 2015). Komljenovic et al. (2008) describe the tool as a 

'holistic risk management concept' (p 795) that utilises techniques for the 

'systematic identification of potential hazards' (p 795) and establishing 

'quantitative risk statements' (p 795). This language, which is also common 

throughout the supporting industry and regulatory publications, leads 

practitioners to believe that the model adequately represents their system. It is 

this flawed belief that prevents them understanding the threat of adverse 

weather conditions on socio-technical systems.  

Besnard and Hollnagel (2014) discuss the myth that 'safety can be improved by 

barriers and protection; increasing the layers of protection leads to higher 

safety' (p 17). They propose two reasons why this might not be the case. Firstly, 

that if system operators perceive there to be a high level of protection within 

their work environment, they will - consciously or unconsciously - increase their 

risk exposure. Secondly, the authors suggest that adding layers of protection to 

the system may amplify the complexity and therefore also increase the potential 

for adverse outcomes (p 17). This study proposes a third reason: that focusing 

on adding protection can limit opportunities for improving safety.  
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Cause/effect tools that utilise the Swiss Cheese Model, such as the Risk Matrix, 

focus the user on searching for a hazard and establishing barriers to prevent 

harm (as illustrated in Figure 3-4). This method supports Lundberg et al.'s 

(2009) theory that 'What-You-Look-For-Is-What-You-Find' or WYLFIWYF 

principle, which, regarding this study, represents searching for controls for a 

hazard that is assumed to be uncontrollable. As established in the previous 

section, it is not unreasonable to classify weather in this manner. Nevertheless, 

it may well be a flawed practice.  

Therefore, I believe it would be beneficial to explore within this case study the 

process for how the Australian surface mining industry utilises the Risk Matrix 

model for undertaking risk assessments. Specifically, does the Risk Matrix 

model represent the effects of adverse weather conditions, and if it does: 

1. How does it describe how a mine operates in adverse weather 

conditions?  

2. Is it suitable for identifying and analysing degraded modes of operation 

concerning the influence of weather on mining? 

By answering these questions, we may be able to determine whether the 

inability for the tool to represent the threat of adverse weather adequately will 

inhibit our understanding of the system. 

3.2.2. Testing 
The Risk Matrix Model was one of the first models of safety that I was 

introduced to when I commenced my safety career. Although the tool receives 

wide acclaim for its usability, I have always found the method confusing and 

struggled to understand the benefits of using this tool. Participating in industry-

based training programs and observing other practitioners apply the method 

only added to my confusion. The rules that determine how the matrix is applied 

are incredibly subjective as there is no explicit approach for undertaking the risk 

assessment and I am yet to find a suitable example that I could use as a 

foundation for developing a tool that I would embed in our organisation. Despite 

this uncertainty, I have attempted to conduct a hundred or so risk assessments 

throughout my career utilising this method. I am afraid I have had no choice as 

the Australian mining industry prescribes that the mine operator must develop 

specific procedures for each mine, and we must use the Risk Matrix Model on 
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each occasion. So far, they have been accepted by my peers and regulators 

without criticism. However, it has always felt like I was forcing the tool to present 

an outcome that it was not designed to do. When I decided to test the Risk 

Matrix Model in this study, I knew I had to understand why the tool felt so wrong 

for me, as well as why it felt so right for many others.  

To achieve this, I decided to review a sample of both my own completed risk 

assessments and compare them against similar records completed by my 

peers. Luckily, within the organisation that I am conducting the study, I have 

access to a decade worth of risk assessments utilising the Risk Matrix Model for 

a variety of mines within the scope of the case study. From this sample, there 

are two types of risk assessment that a conducted. The first is known as a 

Workplace Risk Assessment Checklist (WRAC) and is the tool that is used to 

address the regulators requirement to undertake a formal risk assessment in 

preparation for developing the safety and health management system. The 

second type is a Broad-Brush Risk Assessment (BBRA) or Baseline Risk 

Assessment, and this tool is designed to take a widespread view of the mine 

and identify the significant risks that threaten the health and safety of workers.  

To measure the suitability of the Risk Matrix Model, I would select a sample of 

each risk assessment type from mines located in the Pilbara Region, the Bowen 

Basin and the Hunter Basin that represented both my work and that of my 

peers. To address Sub-Question 1 for this case study, I then needed to analyse 

each risk assessment to identify whether they represent how a mine operates in 

adverse weather conditions. If they do, I would then need to compare and 

contrast the examples to make sense of the information presented to identify 

any patterns in the application of the model and any themes that may increase 

our understanding of the effect of adverse weather. Additionally, I would need to 

assess the examples to determine if they were suitable for identifying and 

analysing degraded modes of operation concerning the influence of weather on 

mining. If the tool did have this capability, I would expect to find explanations of 

how the system shifted between normal operations and degraded modes and 

the controls we implement to sustain operations.  

3.2.3. Findings 
When I designed this study, I had expected that I would have no issues finding 

examples of risks assessments that addressed adverse weather conditions. I 
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had conducted an assessment a few years ago where I had added a step to the 

process that would identify the work conditions that lead to the development or 

occurrence of a hazard, and I had utilised this as a means to recognise the 

weather as the source of harm. A similar practice that I have observed by other 

safety practitioners to aid in the development of taxonomies is to identify the 

energy source of a hazard, such as electrical, mechanical or chemical. I was 

therefore surprised when I could not find any record of a risk assessment, other 

than my own that explicitly represented weather events in some form (refer to 

Table 3-2 for a summary of the records that were examined). 

 Conducted by Student 

Researcher 

Conducted by Peer Safety 

Practitioner 

Pilbara Region 

- WRAC 0 15 

- BBRA 0 3 

Bowen Basin 

- WRAC 12 33 

- BBRA 0 4 

Hunter Basin 

- WRAC 5 15 

- BBRA 0 2 

Table 3-2: Records of risk assessments examined 

This preliminary investigation forced me to re-examine my research question. 

Instead of determining how the Risk Matrix Model represents how a mine 

operates in adverse weather conditions, I had to consider if it were at all 

possible for the model to represent weather. To answer this question, I decided 

to review the assessment I had conducted and test the model ascertain whether 

it is appropriate to modify the tool to achieve this purpose. This test would also 

allow me to assess the second research question: Is the model suitable for 

identifying and analysing degraded modes of operation concerning the influence 

of weather on mining?   

I decided to complete a WRAC that assessed the risks at the Loading Area of a 

surface mine (this is the first work area identified in Figure 2-4 and the bottom of 

the mine illustrated in Figure 2-6). This risk assessment is available in Appendix 

E. Numerous activities exist at the loading area, but for this purpose, I have 

focused the WRAC on a haul truck descending the ramp into the loading area. 

During normal operations, a balance exists between the demand for traction 
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from the haul truck and the supply of traction from the ramp. Once we introduce 

rain to the system (or any wet conditions for that matter), the amount of traction 

that the road supplies will decrease, and this will increase the risk of the haul 

truck operator losing control of the equipment. 

As I began to populate the risk assessment tool, I needed to decide if I should 

classify adverse weather as a hazard to the system, or a causal factor or 

external condition that would trigger the potential for harm. As discussed in 

Section 2.1, I had to be careful not to limit my perception of the actual threat of 

weather by choosing an inappropriate classification early in the test. I had to 

find a solution that would maximise the information we could extract from the 

assessment. I devised the criteria that I have outlined in Table 3-3 to identify the 

best opportunity for reducing the likelihood of the hazard turning into an incident 

or minimising the consequences if it does. By classifying weather as a causal 

factor or a condition on the system, I can identify more opportunities for 

improvement, and therefore I modified the risk assessment process to include 

the identification of a hazard cause. 

Criteria Weather as a hazard to the 
system 

Weather as a condition on 
the system 

How do normal operations 

present? 

Dry, mild weather Dry road 

What is the hazard? Rain Wet road 

Is it likely that hazard will 

affect the work activity? 

Yes, very likely. Yes, very likely. 

Can we change this 

likelihood? 

No, it's mother nature. Yes, we can improve the road 

materials or the trucks ability 

to maintain traction and 

therefore reduce the likelihood 

of the hazard resulting in an 

incident. 

What are the 

consequences? 

The road will decrease traction 

supply, and as the event 

progresses, it will begin to 

deteriorate. 

The truck will lose traction, and 

if the conditions worsen, the 

truck will destroy the road as it 

penetrates deeper into the 

road base. 

Can we change this 

consequence? 

Yes, without the introduction 

of people and equipment to 

Yes, we can improve the road 

composition to maximise 

traction supply.  
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this situation, there is no risk 

to safety 

Table 3-3: Weather classification criteria in the Risk Matrix Model 

As it stands, the process outlined for undertaking a risk assessment utilising the 

Risk Matrix Model does not include the identification of normal operations, let 

alone describing degraded modes of operation. However, there's nothing to say 

that the tool cannot be modified to include these criteria. To determine how a 

system is operating in degraded modes I first needed to identify how it was 

designed to operate under normal conditions. That way we could identify the 

trigger - or hazard - that would shift the system into a degraded state and focus 

on identifying controls that allowed us to sustain operations. I, therefore, 

modified the WRAC (as depicted in Appendix E) to allow for the analysis of 

degraded modes of operation concerning the influence of weather on mining. 

3.2.4. Discussion 
If researchers and practitioners were to utilise the Risk Matrix Model by 

following the process prescribed through current theory and practice, they 

would not be able to represent weather adequately. The reason for this is that 

the tool is leading the user to identify a hazard that in turn must be controlled.  

When you depict weather this way, you perceive it to be an uncontrollable force 

of nature that is impossible to reduce the likelihood of the event occurring and 

focuses your attention on limiting exposure to mitigate any consequences. To 

force the tool to represent weather and therefore increase our understanding of 

the effects on the system, we need to modify it to represent adverse weather 

conditions accurately, that is, as a causal factor leading to an event, or an 

external condition on the system.  

Additionally, the Risk Matrix Model can only represent degraded modes of 

operation if you include additional classification criteria with the core process 

steps. In doing this one of the principal benefits of the tool - its ease of use for 

both researchers and practitioners - may be put at risk. By adding the 

requirement to identify normal operations and assess degraded modes of 

operation, we are increasing the subjectivity and complexity of a tool that is 

historically intended to remain simplistic. We are now introducing Johnson and 

Shea's 92007) new theory, and that will require additional understanding for 

researchers and training for practitioners if we want a consistent approach to 
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the application of the tool. Determining whether the average user receives the 

additional understanding of the system's behaviour will require further testing on 

more typical hazards.  

It is important to note that while we can modify the tool to represent weather 

and degraded modes of operation, this does little to address the issue that the 

Risk Matrix Model is a linear representation of a complex system. Our changes 

allow the tool to represent the individual work activities that occur within the 

system, but it does not demonstrate the interactions between these activities 

and the implications that adverse weather may have on these. By identifying 

causal factors, normal operations and degraded modes, it does nothing to 

change the core process steps of the model. These modifications only serve to 

amplify the existing process, and the technique is still very likely to draw 

criticism for its use with socio-technical systems.  

Likewise, the user will continue to be limited by Lundberg et al.'s theory of 

WYLFIWYF. While the modifications allow us to increase our understanding of 

the effects of weather, it does not change our search for added layers of 

protection. The core of the process is still exploring for opportunities to control, 

and even if we have identified that we are controlling the effects of weather, we 

are still looking for layers of protection and potentially missing other 

opportunities for improvement such minimising interactions with other work 

activities. While the tool is now more appropriate for the understanding of the 

threat of weather on the system or the analysis of degraded modes, it is not a 

solve all solution and does little to focus the user on identifying opportunities for 

sustaining operations during adverse weather events.  

3.2.5. Summary 
The Risk Matrix Model as is it designed does not provide the user with an 

improved understanding of how weather affects a socio-technical system. 

Unless the tool is modified, then it will provide little to no opportunities for 

sustaining operations during weather events. The modifications required to 

adequately represent weather are not a significant alteration to the risk 

assessment process. The change is merely the inclusion of additional criteria to 

amplify the core process steps. These criteria result in the following core 

process steps for undertaking a risk assessment utilising the Risk Matrix Model: 
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1. Identify the work activity (new) 

2. Identify the normal state in which the system is designed to operate 

(new) 

3. Identify the hazard 

4. Identify the hazards causal factors (new) 

5. Identify the degraded mode of operation by which we can apply 

restrictions operations (new) 

6. Identify the potential losses 

7. Assess the likelihood or probability of the event occurring 

8. Assess the magnitude of the consequence if the event occurs 

9. Identify controls or barriers to prevent the event from happening or 

mitigate the loss once it does transpire 

These four new criteria will allow the user to represent how a system operates 

in adverse weather conditions and identify and analyse degraded modes of 

operation concerning the influence of weather. Therefore, our understanding of 

how a system operates under the influence of adverse weather will increase if 

we were to apply this method of assessment. With little further testing, it is likely 

that the knowledge gained, and the modifications to the tool for future 

assessments are easily transferable to other industries and applications. I 

anticipate that if we were to develop training that introduced the concept of 

degraded modes of operations in a concise manner, safety practitioners would 

readily accept the modifications.  

Unfortunately, these improvements are unlikely to remove the criticism that the 

Risk Matrix Model receives from the research community. The tool will continue 

to be limited to linear systems rather than providing insight into complex socio-

technical systems and direct the user to apply additional barriers to mitigate the 

risk associated with the hazard. The tool does not provide the depths of 

understanding that a researcher would expect, considering they do not have 

exposure to the same time restrictions as practitioners. For the purpose of this 

case study, I will continue to explore research methods and safety models that 

will provide me with a greater understanding of the system as a whole and 

identify opportunities to sustain operations.   
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3.3. Systems-Theoretic Accident Model and Processes 
(STAMP) 

3.3.1. Theory 
Leveson (2004) introduces STAMP as an accident causation model based on 

system theory and suggests that, while the primary purpose is for analysing 

accidents, it can also provide benefits in system engineering. 'Hazard analysis 

can be thought of as investigating an accident before it occurs' (Leveson, 2004, 

p 268) and therefore, utilising an accident causation model for risk assessment 

purposes may provide an innovative approach to system design. Leveson 

developed the Causal Analysis using Systems Theory (CAST) for analysing 

accidents and the Systems-Theoretic Process Analysis (STPA) for information 

system design, and she explicitly identifies weather as an environmental 

condition that, when combined with a hazard, may lead to an accident (pp 184-

185). I will need to utilise the STPA method to develop the STAMP model for 

this case study and examine whether it is capable of considering adverse 

weather as an impetus for a system to shift into a degraded mode of operation.  

The purpose of STAMP is to identify the constraints required to maintain safety, 

and design controls to enforce the constraints. I will, therefore, need to 

determine whether I can utilise STPA to illustrate how the constraints behave in 

adverse weather conditions, and what controls are required to sustain 

operations. Rosewater and Williams (2015) provide one of the few examples of 

testing STPA outside of information system design when they applied it to a grid 

energy storage system. The study identifies weather as an external influence 

but excludes it due to the unknown effects on the system. Regardless, it is one 

of the few studies that focus on STPA, and the authors conclude that the model 

provides 'holistic insight into how accidents might happen' (p 470). 

Numerous studies have tested the use of CAST, and while they promote the 

information provided by the resulting model, they highlight several limitations 

with conducting the method. Kim et al. (2016) utilise a research team to test 

CAST when analysing the Korean Sewol ferry accident, and they explain that 

the method requires extensive data and time to ensure sufficient outputs (p 

100). Underwood et al. (2016) simulate the use of CAST amongst six 

practitioners who are experienced in conducting incident investigations but have 
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no exposure to the application of CAST. They conclude that the participants 

have difficulty in understanding and applying the method, despite receiving six 

weeks of training with the University. Additionally, one participant even suggests 

that 'the analysis was driving the evidence' (p 136), which, as with the Risk 

Matrix Model, may present the risk of WYLFIWYF. 

Considering the strengths and weaknesses proposed by the previous papers, 

there is little use in applying CAST to this case study and I will, therefore, 

analyse the use of STAMP, utilising only the STPA method. I have found no 

evidence to suggest that the Australian surface mining industry currently utilises 

STAMP. I will need to trial the method based only on the guidance provided by 

Leveson's Engineering a safer world : Systems thinking applied to safety (2011) 

and through the limited research available on the topic. This test will allow me to 

compare and contrast STAMP with the Risk Matrix Model to determine its 

appropriateness for representing adverse weather conditions on socio-technical 

systems. 

3.3.2. Testing 
Prior to undertaking this case study, I had never completed a STAMP model. 

Nor have a received any formal training in the method. In developing this model, 

I utilised Leveson's Engineering a safer world : Systems thinking applied to 

safety (2011) to guide me in applying the principles of STAMP and utilising the 

STPA method to develop a model similar to the example Leveson provides. 

Unfortunately, despite the five hundred plus pages of content justifying the use 

of the model and explaining the benefits Leveson found when applying it 

retrospectively to safety disasters, I found very little guidance on how to achieve 

the desired outputs. To combat this, I examined numerous examples published 

in peer-reviewed journal articles to ensure I had applied the tool in the correct 

way.  
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Figure 3-5: STAMP model, extracted from Leveson 2011, Figure 4.4 

The method requires the development of a control diagram to depict the socio-

technical system. To facilitate my goal of comparing and contrasting STAMP 

with the other safety models, I decided to develop a control diagram based on 

the Loading Area of a surface mine. I have included this diagram in Appendix F. 

If I could represent similar work activities to those of the other models, I could 

then determine how STAMP illustrated a mine operating in adverse weather 

conditions.  

Additionally, I would need to assess the model to determine if it is suitable for 

identifying and analysing degraded modes of operation concerning the influence 

of weather on mining. If the tool does have this capability, I would expect to find 

explanations of how the system shifted between normal operations and 

degraded modes and the controls we implement to sustain operations. The 
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current theory does not discuss Johnson and Shea's (2007) concept, so this 

would be a new test for the model that may not be of importance to other 

researchers. It is undoubtedly forcing the model to display information that its 

designers have not intended it to provide.  

To measure the suitability of STAMP, I would need to determine whether the 

model provides a greater depth of understanding than the other models that I 

am testing. This measure is particularly important when trying to represent a 

socio-technical system, rather than the simple linear system depicted by the 

Risk Matrix Model. To achieve this, the STAMP model would need to provide 

the user with knowledge of how the various work activities within the system 

interact, and if weather conditions influence these interplays. I expect that the 

diagrammatic nature of a STAMP model would lend itself to this purpose, more 

so than the array design of the Risk Matrix Model. 

3.3.3. Findings 
The STPA method outlined in Leveson (2011, p. 212-217) does not prescribe 

the process for developing the control diagram. Instead, it assumes the control 

diagram already exists and requires the user to undertake the following steps: 

1. Identify areas of inadequate control that could lead to a hazardous state, 

and 

2. Identify how the inadequate control could occur.  

The difficulty I found with this approach is that it provides little guidance to the 

user on what information needs to be included in the control diagram to achieve 

the desired outcomes of the model. The two process steps offer only a vague 

insight into what Leveson is searching for, and I was required to make many 

assumptions to present a finished model.  

To ensure consistency with the other model tests, the STAMP diagram that I 

developed illustrates a typical loading area at a surface mine. I have created a 

sub-diagram for each item of mining equipment that is operating at this location 

and formed connections where there are interacting processes, such as the 

excavator loading the haul truck. I have also chosen to highlight where a human 

operator or automated technology undertakes the work process or interaction. 

This representation allows the model to depict a socio-technical system rather 

than a simple linear array described in the Risk Matrix Model.  
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While Leveson explicitly identifies weather as an environmental condition that, 

when combined with a hazard, may lead to an accident, she provides no 

guidance on how I should represent this in the model. To address this, I have 

chosen to highlight where the socio-technical system has the capability of 

detecting or describing weather conditions. In this work area, only the human 

operators have this capacity readily available, while the geographic information 

system has a limited opportunity to overlay Bureau of Meteorology radar data 

over the mine plan with extensive programming.  Apart from flagging this 

capability, I found it very difficult to illustrate any further detail of the effects of 

adverse weather conditions on the system.  

This style of modelling also did not lend itself to depicting the shift between 

normal operations and degraded modes of operation. The diagram is designed 

to illustrate all controls so that the assessor may identify any inadequacies that 

could then be forced or constrained. While highlighting the controls would be 

beneficial in determining how the system operates, it offers little insight into the 

behaviours of each control. The STAMP model therefore does not provide the 

user with an opportunity to identify and analyse degraded modes of operation 

concerning the influence of weather on the system. 

3.3.4. Discussion 
One of the very early frustrations I encountered when using this tool was the 

complete lack of guidance that the STPA method provides to the user on what 

information needs to be included in the control diagram to achieve the desired 

outcomes of the model. Despite Leveson's (2011, p.212) assurances that the 

tool is not reliant upon the user having an existing design, there is no further 

direction on how the model should look. Leveson goes further to explain that 

engineering expertise is required to undertake the analysis and I can only 

assume these are the skills that I am missing that would address this gap. To 

overcome this, I reviewed the diagram examples that Leveson included 

throughout the text and designed my model to reflect this same information. 

While a control diagram may be readily available for a technical system, in my 

experience such diagrams are not often developed for socio-technical systems 

and this requirement may deter safety practitioners from utilising the tool.   

Once I had developed the foundation of the STAMP model, I found it very 

difficult to illustrate the effects of adverse weather conditions on the system. 
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The tool is not designed to reflect external conditions on the system. Instead, it 

focuses on the identification of all the controls within the system to allow for the 

user to analyse their performance. The goal here is to force control to ensure 

the system performs as designed. Unless the system anticipates and utilises 

weather as an integrated function or component that contributes to normal 

operations, there is no way to reflect in a single diagram how weather brings 

change to the system.  

Likewise, this style of modelling also did not lend itself to depicting the shift 

between normal operations and degraded modes of operation for the same 

reason. The model does not allow for the system to change or to reflect 

variation in the performance of controls. It is a snapshot of a system, frozen in a 

moment of time. While this may provide benefit to researchers and practitioners 

when they are reflecting upon an incident that has already occurred, It does not 

allow me to explore variations and adaptions in operation of the system during 

the design process. The only way that I could anticipate overcoming this issue 

was to create a separate diagram for each weather event, and due to our 

inability to accurately predict the severity of the adverse weather, the effort 

required to achieve this far outweighs the benefit.  

The one positive I did find when using this model was that it provides a greater 

understanding of the interactions of a socio-technical system when contrasted 

against the Risk Matrix Model. The reason for this is just due to the fact that the 

model allows the user to shift the various sub-systems around the page and 

illustrate interactions between them. A mining loading area is a relatively simple, 

loosely-coupled socio-technical system so this technique may not be as useful 

when depicting highly complex tightly-coupled systems. However, for the 

purpose of this case study, it did provide insight into the different work activities 

and dependencies at this location. 

3.3.5. Summary 
There are several reasons as to why I would not recommend the use of STAMP 

when modelling a socio-technical system. Primarily, there is very little guidance 

from the authors on how to use the method. Underwood et al. (2016) 

highlighted this in their study where they concluded that the participants have 

difficulty in understanding and applying the technique, even after receiving six 

weeks of training with the University. Therefore, I would not recommend 
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engaging consultants with expertise in this model or undertaking specialised 

training to provide assurance that the method is applied as the authors 

intended. While I am comfortable that the model I have drafted aligns with the 

examples that are provided by Leveson (2011), I needed to make numerous 

assumptions and seek direction from other parties to achieve this. This 

ambiguity does not establish confidence in the use of this process.  

The STAMP model does not provide the user with an improved understanding 

of how weather affects a socio-technical system and is less useful for this 

purpose than the Risk Matrix Model. While the model does have some measure 

of success in that it is beneficial in depicting the structure of socio-technical 

systems, it lacks the ability to represent external conditions on the system or 

variations in the state of operation. This inability is an issue because to 

understand the effects of weather on the surface mining operation, the user 

needs to be able to analyse how the introduction of adverse weather forces the 

system to change. The STAMP model is too static in its design to address the 

aim of this case study.  

Even though this model is unable to illustrate how the weather is affecting the 

system, it does have the capability of representing how mine operates under 

certain weather conditions. This potential is also true for describing normal 

operations or a degraded mode of operation. The catch is that this is only 

possible by creating an instantiation for each condition or mode of operation, 

and that requires a significant investment of effort and an extensive knowledge 

of how the controls or constraints behave under these conditions. These results 

support the current theory that STAMP is resource intensive. Perhaps this is 

suitable for a researcher, particularly when analysing a system retrospectively, 

but it is unlikely to be adopted in practice. 
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3.4. Functional Resonance Analysis Method (FRAM) 

3.4.1. Theory 
Hollnagel (2012) introduces the FRAM as an accident causation tool based on 

systems theory. While it leverages off the same theory as STAMP, FRAM 

focuses on identifying system functions, the variability of the functions, how the 

variability may become coupled and lead to unexpected outcomes, and finally 

whether there are ways to manage occurrences of such variabilities (p 36). 

Hollnagel defines weather as a change to the environmental conditions of a 

function to which workers must 'adjust what they do to match the conditions' (p 

24). Although, it is important to note that this variability may not be limited to 

human functions. Hollnagel sees weather as a trigger for the variability of a 

function, and therefore this thinking aligns with the theory that adverse weather 

triggers a shift into a degraded mode of operation. 

FRAM has not been tested to determine whether it can represent degraded 

modes of operation. However, it has proven to be beneficial in understanding 

how a system is functioning, rather than searching for improvements, additional 

controls or barriers to protect the system. Rodrigues de Carvalo's (2011) test on 

an air traffic management system is an excellent example of this. Additionally, 

Belmonte et al.'s (2011) study of automatic train supervision systems highlights 

the benefits FRAM provides in understanding operator's decision-making 

processes. These strengths may lead to a more precise representation of 

degraded modes of operation compared to the Risk Matrix Model.  

Some researchers define the fundamental weakness of FRAM as its avoidance 

of quantitative data (Alvarenga et al., 2014; Belmonte et al., 2011). Alvarenga et 

al. (2014) compares FRAM to STAMP and suggests that STAMP has the 

advantage due to its application of Forrester's mathematical model for system 

dynamics. As the focus of this case study will be on how the model represents 

weather rather than how it measures the performance of the system, this may 

be a non-issue. Regardless, due to the results of my testing of STAMP in the 

previous section, I do not see that it is necessary to compare it with FRAM. 

Instead, I will compare and contrast FRAM with the Risk Matrix Model to 

determine its appropriateness for representing adverse weather conditions on 

socio-technical systems.  
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I have not found any peer-reviewed evidence to suggest that FRAM is a model 

that the Australian mining industry has chosen to adopt. However, I have 

observed co-workers utilise the method in practice with some success. I believe 

it will be worthwhile assessing a tool that promotes the detection of variability 

and the implementation of adaptability to determine whether it is capable of 

detecting shifts in the state of operation. Precisely, does FRAM represent the 

effects of adverse weather conditions, and if it does: 

1. How does it describe how a mine operates in adverse weather 

conditions?  

2. Is it suitable for identifying and analysing degraded modes of operation 

concerning the influence of weather on mining? 

3.4.2. Testing 
As with the STAMP model, I had not had the opportunity to develop a FRAM 

model before commencing this case study. I also have not received any formal 

training in how to undertake the process. I utilised Hollnagel's FRAM, the 

functional resonance analysis method : modelling complex socio-technical 

systems (2012) to provide direction in the application of the method. 

Additionally, I consulted with a trainer in the application of the model. Initially, I 

also used the FRAM Model Visualiser (2016) to get an understanding of how to 

build the model, but I found it was limited in its ability to include additional 

information outside of the hexagonal functions (as illustrated in Figure 3-3) and 

therefore I switched to Microsoft Visio. Hollnagel provides plenty of useful 

resources that are suitable for application by first-time users.  

 

Figure 3-6: FRAM Hexagonal function, based upon Hollnagel 2012, Figure 5.4 

Like the STAMP models, the organisation that I am undertaking the case study 

on did not have any examples of FRAM diagrams with which I could compare. 
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Therefore, I decided to develop a model that represented a surface mine 

loading area to allow me to compare and contrast against the Risk Matrix Model 

and STAMP. I have included a copy of this in Appendix G. This comparison 

would allow me to determine whether FRAM provides advantages in 

representing the effects of adverse weather on a socio-technical system over 

the other models.  

I also need to test the model to ascertain its ability to represent shifts in the 

state of operation, and the triggers for such shifts. FRAM aims to shifts the 

users’ perspective from probability to variability. That is, rather than focusing on 

component performance and the likelihood of it not achieving its desired 

outcomes, FRAM analyses the variability of the output of functions to identify 

whether there is variability in the function itself, interactions with other functions 

or the external conditions of the work environment. This direction means the 

diagram illustrates work activities that are undertaken by the various items of 

equipment - much like the modifications I recommended to the Risk Matrix 

Model - rather than the itemising the human operators, equipment or technology 

as defined in the STAMP diagram. If I am to believe the theory, I should be able 

to identify variation of the environmental (or weather) conditions from normal 

operations to other states of operations, such as degraded modes, and analyse 

its effects on each functions output.  

To measure the suitability of FRAM, I would need to determine whether the 

model provides a greater depth of understanding than the other models that I 

am testing. As discovered with the STAMP model, it is not only a matter of 

having the ability to represent a socio-technical system as opposed to a simple 

linear model. The tool must also have the ability to represent weather as it 

affects the system as well as be able to represent how a mine operates in 

adverse weather conditions. This measure is particularly important when trying 

to determine its suitability for identifying and analysing degraded modes of 

operation concerning the influence of weather on mining. 

3.4.3. Findings 
I found the process for developing the FRAM diagram straightforward and was 

quite pleased with the amount of detail it captured on the interactions at the 

loading area. But, as I attempted to analyse the functions to identify instances of 

variability I quickly became confused. Once I created this stellar diagram that 
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illustrated the socio-technical system, I was unclear on what Hollnagel wanted 

me to do with it. He provides detail on the different types of variability that could 

impact the system to guide the user in its identification. However, the user is 

then required to note these observations in a simple two-column table external 

to the diagram. It leaves me with an undoubtedly impressive image of the 

system, but it does little to aid in the analysis of the functions themselves, and I 

could far more quickly utilise a table to list the functions relevant to the work 

area with considerably less effort.  

I also discovered that the diagram quickly became convoluted and I struggled to 

find methods for identifying between the five items of equipment and the various 

functions they were undertaking. Once I started highlighting the interactions, 

this left me with a spider-web of detail that would no doubt baffle the best safety 

practitioner. This apparent complexity surprised me considering how loosely-

coupled this particular section of the mining operation is. I anticipate that it 

would be near impossible to apply this same method to a tightly-coupled 

system.  

Hollnagel classifies weather as a trigger for the variability of a function, which 

aligns with Johnson and Shea's (2007) theory that it triggers a shift into a 

degraded mode of operation. However, like Leveson, he provides little guidance 

as to how he expects the FRAM diagram to represent weather - or any other 

trigger of variability for that matter. The user is therefore left to assume that the 

conditions have changed when they are attempting to analyse variability or 

create a separate instantiation that reflects the system pre and post change. 

The former does little to aid the user to visualise the shift in functional 

performance, and the latter requires extensive investment in effort with little 

return.  

The most disappointing finding from my testing of FRAM was that it does not 

illustrate variability as promised. Sure, I could develop hypotheses on potential 

alterations in the output of functions from looking at this diagram. However, I 

could just as easily achieve the same result from a photo of the loading area, an 

in-field observation or a process flow sketched out on a whiteboard. The 

diagram itself provides no additional insight into how the system is varying, 

regardless of whether it be through the performance of individual functions, 
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interactions with other functions or the external conditions of the work 

environment. 

3.4.4. Discussion 
The FRAM diagram is an impressive representation of a socio-technical system. 

Unfortunately, it takes very little to turn the model into a convoluted mess of 

interactions. The example that I developed represents a relatively simple 

section of the surface mine operation, with minimal work processes and socio-

technical interactions. I can therefore only envision this tool would provide 

clarity for an analyst with only the simplest of work processes.  

Completely unrelated to the intricacies of the design, once I created the model, I 

was unclear on how I should proceed with the analysis to identify the variation 

in functional performance. Hollnagel provides adequate guidance as to what 

constitutes variation, but there is little discussion as to the analysis method that 

supports the model. I believe this is a perfect example of the author putting too 

much effort into differentiating his work from others, and too little into validating 

his process. Perhaps dedicated training would improve my understanding of the 

process, but the guidance text and supporting software does little to prove the 

difference between analysing functional resonance and identifying system 

component failures. 

Further, if the user does manage to establish the analysis method, the model 

does not have the capability to illustrate variability. There are two reasons as to 

why this is the case. Firstly, like STAMP, the model only provides a static 

instantiation of the system and, unlike the modifications to the Risk Matrix 

Model, it does not allow for an integrated discussion on the changes that may 

be affecting the system. Again, like STAMP, unless the system anticipates and 

utilises weather as an integrated function, there is no way to reflect in a single 

diagram how weather brings change to the system. 

The second explanation for the model's inability to illustrate variation is that it is 

only capable of identifying what is known. The tool claims to provide the ability 

for the user to distinguish unexpected or emergent outcomes, which are key 

characteristics of a dynamic socio-technical system. However, this is an 

impossible feat considering the level of detail and knowledge required to 

construct such complexity in a two-dimensional diagram that is capturing only a 
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moment in time. Dekker (2011, p.170-171) discusses this shortcoming 

regarding the retrospective analysis of incidents and suggests the same for 

prospective system design activities. This makes me question the capability and 

benefit of investing effort into any modelling activity in an attempt to represent 

the effect of adverse weather on a system.  

3.4.5. Summary 
I thoroughly enjoyed drafting the FRAM diagram that I have included in 

Appendix G. I am sure that anyone who appreciates process mapping will find 

the model design method to be satisfying and the final diagram is undoubtedly 

impressive. However, when I showed it to my peers, they were overwhelmed 

with the complexity of the diagram. The intricate web of functions did more to 

confuse the mining experts that I presented the model to, rather than increase 

their understanding of the mining operation. Furthermore, when I attempted to 

explain the purpose of the tool and the analysis method that supports it they 

were less impressed.  

The analysis method that is intended to explore the primary feature of the model 

is ambiguous. Claims of identifying emerging and unknown variation of the 

systems functional outcomes can be identified, but the user conducts this in a 

simple, two-column table external to the model. If the user manages to identify 

variation, there is no way to illustrate it in the diagram, thus making the model 

redundant. FRAM is therefore unsuitable for identifying and analysing degraded 

modes of operation concerning the influence of weather on mining, which 

requires the ability to analyse the shift in the state of operations. For this same 

reason, the model is also incapable of representing how a mine operates in 

adverse weather conditions. 

FRAM may serve a purpose to other researchers, but I found it does nothing to 

increase our understanding of how weather affects a socio-technical system so 

that we may identify opportunities for sustaining operations. The model is 

incapable of illustrating weather as its focus is on the internal mechanisms of 

the system rather than the performance of functions following the introduction of 

external influences. Like STAMP, the user would need to create an instantiation 

for every adverse weather event, and potentially for the varying levels of 

severity. The effort that this would entail would far outweigh the benefit gained.  
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As I have analysed the results of testing the Risk Matrix Model, STAMP and 

FRAM, I have begun to question the benefit of modelling for adverse weather 

conditions or any situation that requires the analysis of change within the 

system. A method that produces an instantiation cannot depict unexpected or 

emergent variation that is required to fully comprehend the effects of adverse 

weather conditions on socio-technical systems. A system is dynamic, so the 

idea of trying to represent it as a static entity for risk identification purposes 

seems pointless. For this reason, I have decided to undertake semi-structured 

interviews with mining experts to determine whether another form of qualitative 

assessment is more appropriate for understanding the effects of adverse 

weather conditions. 
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Chapter 4. Understanding how weather affects a 
surface mining system 

4.1. Semi-structured interviews rather than safety models 
Following the testing of the existing models of safety, I wanted to explore other 

qualitative methods to determine if there was an alternative method to what the 

safety industry currently uses in practice. I settled on semi-structured interviews 

as they allow the user to explore themes such as effects of weather on a socio-

technical system while providing flexibility to follow new lines of inquiry that the 

participants may raise. The fact that there is no model to represent doesn't 

matter. Instead of focusing on illustrating the relationship, the user can invest 

energy in listening, interpreting and understanding the knowledge of the content 

experts and the importance they place on it. Creswell (2014, p. 191) highlights 

both the advantages and limitations of this method (refer to Table 4-1). 

[TABLE REDACTED] 

Table 4-1: Interview advantages and limitations, extracted from Creswell, 2014, Table 9.2 

Creswell highlights this as a limitation because I will not undertake the 

interviews in the natural field setting. However, I will conduct most of the 

conversations while the participant is working in the project environment, even 

though I will be making contact via a phone or video conference. While it would 

have been ideal to also undertake observations of the mine operation with the 

interviewees, due to the remote nature of mine sites it would have been a costly 

venture. I have spent a considerable amount of time onsite throughout my 

career, so my own experience and knowledge will allow me to minimise this 

limitation. 

I also need to ensure that I minimise the influence that my personal bias may 

have on the interviews. This bias includes both my site experience, my existing 

knowledge of the work processes, and my current employment with the same 

organisation that the study will be undertaken on. I have declared this through 

the ethics process (refer to Appendix D), and it will be communicated to the 

participants through the Information Sheet (refer to Appendix A). To minimise 

this influence, I intend to avoid answering questions that I believe I know the 

answers to and instead allow the participants to provide as much context as 
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they felt was necessary. I have also drafted open questions to ensure I do not 

lead the participants to provide my anticipated answers. 

To recruit participants, I have drafted a recruitment email (refer to Appendix C) 

that I will distribute to the Project Managers and Operation Managers within the 

organisation calling for volunteers. This callout will be limited to Australian 

surface mines only, and while I will not target particular mining regions, I intend 

to cease approaching mines in a location that has already provided volunteers. I 

have designed a set of interview questions to allow me to respond to the 

research questions outlined in Section 2.2.1 (refer to Appendix A). The 

interviews will be undertaken in a semi-structured method, utilising both the pre-

determined open questions and allowing for the exploration of themes that may 

arise during the conversation. Table 4-2 for a summary of the interviewees that 

volunteered to participate and outlines their locations and expertise.  

Interviewee Practical Expertise Location Experience 
1 Mining, Technical Services Pilbara Region, WA 

2 Project Management, Technical 

Services 

Bowen Basin, QLD 

3 Mining Hunter Basin, NSW 

4 Technical Services Bowen Basin, QLD; Hunter Basin, NSW 

5 Maintenance Bowen Basin, QLD 

6 Mining, Project Management Bowen Basin 

Table 4-2: Interviewees expertise and experience 

The interviewees all currently work at a management level within the 

organisation. The decision to only interview participants at this level was 

deliberate to ensure a broad range of knowledge and experience was 

considered to address the characteristics of a case study. I am confident that I 

was able to collect sufficient data that both tests the usability of the method and 

identifies further research opportunities. 

To analyse the data, I will follow the procedure recommended by Creswell 

(2014, p. 197). This method is outlined in Figure 4-1. Following the completion 

of the interviews, I will enter the transcriptions into the NVivo software system to 

aid in the analysis of the qualitative data. This tool will allow me to code the data 

and identify the interrelating themes of the case study. 

[IMAGE REDACTED] 
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Figure 4-1: Data analysis procedure, extracted from Creswell, 2014, Figure 9.1 

To measure the suitability of the semi-structured interviews, I will need to 

determine whether the method provides a greater depth of understanding when 

compared with the three models of safety that I tested in the previous chapter. 

To be determined as successful, the interviews would need to provide the user 

with knowledge of how the various work activities within the system interact, 

and if weather conditions influence these interplays. This requirement will 

include determining whether the method can address the following research 

questions: 

2. Is work stopped or restricted during an adverse weather event? 

3. Is work stopped or restricted because it is dependent upon other work 

occurring? 

4. What information informs the decision to stop or restrict work? 

5. Is there work at the mine that is not stopped or restricted during an 

adverse weather event? 

6. Is there a centralised control point that stops or restricts the work, which 

may be too conservative or too late? 

Note: Question 1 is not included as it was designed to address the previous 

chapter.  

After I have analysed the results, I am hoping I will be able to determine if 

adverse weather conditions do trigger a degraded mode of operations. 
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4.2. How does rain affect the mining system? 

4.2.1. Findings 
During the semi-structured interviews, I was able to confirm with the participants 

that work is stopped or restricted during rain events. The majority of the 

interview data did explicitly focus on rain events, and it was identified as a 

significant contributor to downtime on a surface mine, indeed more than the 

other events. Participants also highlighted that it takes minimal rainfall to restrict 

or cease operations, even as little as two millimetres. I was able to identify two 

risks that are the main contributors to stopping in this work environment. These 

are operator's visibility and changes to traction on the road.  

Visibility does not affect a mine operation the same as it would a public road. 

There is far less traffic on the road, and the speed limit will rarely exceed either 

forty or sixty kilometres per hour, therefore, operations will typically stop well 

before visibility becomes an issue. One participant highlighted that during night 

shift, particularly in coal mines where many of the road materials are dark in 

colour, water lying on the road after a rain event can introduce reflection and 

visibility issues for the operators. This risk is supported by the New South Wales 

Government (2015, p. 42) investigation report into the 2013 fatality at 

Ravensworth Mine. Despite this, most participants chose not to focus on the 

risk of visibility and instead highlighted a change in traction as the primary 

reason for stopping work.  

Any road design process will require the analysis of the coefficient of friction, 

regardless of whether it will be a public road network or private, civil or mining. 

This formula is used to calculate the force of friction between two objects, which 

in this case represents the relationship between the traction supply provided by 

the road surface, and the traction demand required from the vehicle. Once 

moisture begins to penetrate the road surface, it will result in a decrease in the 

supply of traction. This creates the potential for loss of traction incidents which 

may also be known as uncontrolled movements or truck slides. I identified four 

themes that the participants found were of significant importance regarding the 

potential for truck slide events.  

1. Heavy, medium and light vehicles 

2. Manned versus autonomous haul trucks 
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3. Electrically versus mechanically driven haul trucks 

4. Road base material composition 

Truck slides often occur on a decline and the most common location in a 

surface mine is a ramp that is constructed to allow descent into a loading area 

(Figure 2-6 illustrates three trucks ascending a ramp). This is particularly true 

for haul trucks that are returning to the loading area unloaded. One interviewee 

describes the sensation of a truck slide as the 'truck pushing' them down the 

ramp. Without the weight of the load in the tray, most of the weight of the engine 

and the cab of the truck sits on the front wheels, and therefore they get more 

traction than the rear. The rear wheels, in turn, lock up and act as skid plates as 

the rear wants to overtake the front.  

Trucks slides can also occur to medium vehicles (service trucks, rescue trucks, 

buses) and light vehicles (troop carriers, utes and wagons). Medium vehicles 

are often just as likely to enter a slide as a heavy vehicle, but the frequency that 

these trucks access the road network is lower and therefore the impact of 

downtime on medium vehicles is minimal. Typically, a mine site operator will 

only permit four-wheel-drive light vehicles to enter the mining zones, and for this 

reason, they can typically access most work areas until the road conditions 

reach a state that the vehicle can become bogged. The consequences of a light 

vehicle entering a slide are also significantly less than heavy or medium 

vehicles. The reason for this is because they are smaller in size and therefore 

have more opportunity to correct themselves when driving on roads that are 

designed for haul trucks to traverse.  

I had one participant in the group that has expertise in autonomous haul truck 

circuits, which is a relatively new technology in surface mining operations. The 

participant was able to confirm that autonomous trucks are less likely to enter a 

truck slide than a manned vehicle. The manufacturers of autonomous trucks 

have developed far more advanced performance monitoring systems to allow 

the human operators to control them remotely and detect any changes to the 

operating conditions. This includes a sophisticated traction control system that 

will alarm if any of the wheels loses traction. The autonomous trucks have the 

capability to increase their traction and set their speed to allow the truck to 

adapt to the changing conditions safely.  
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In contrast, manned trucks rely entirely upon the human operator to control 

them from within the cab. The operator's experience gives them the ability to 

interpret what they see and how the truck feels as the environmental conditions 

change. The system is dependent upon the gut feel of the operator to detect a 

change and adapt accordingly. We suspect that due to this subjective decision-

making process, manned trucks are more likely to incur truck slide events.  

The third theme discusses the performance of electrically versus mechanically 

driven manned haul trucks. Autonomous trucks are excluded from this 

discussion because this technology is still new, and the manufacturers 

undertake most of the testing without necessarily publishing the results to their 

clients. At the time of this study, data on the performance of electrically versus 

mechanically driven autonomous trucks was not available to the organisation. 

Due to the advances in this field, this is one area that I would highlight as being 

an opportunity for further study.  

Historically, mechanically driven trucks are the most common type of haul truck 

that surface mine operators purchase, but electric drive technology is beginning 

to overtake them. The reason for this is because electric drive trucks perform 

better during normal operations. Unfortunately, their performance is significantly 

worse once they encounter wet road conditions. All of the participants attribute 

this to their auto-retarder braking system.  

The retarder system is designed to match speed with gear selection: the higher 

the RPM, the higher the gear and vice versa. Once a truck enters a slide and 

the wheels lock, the retarder system will think the wheels have stopped and will 

quickly shift down to a lower gear. Once the operator regains traction, the speed 

of the truck will be too high for the selected gear, and this will result in further 

propagation of the slide. Operators often rely upon up the auto-retarder system 

when they are descending ramps, rather than turning the truck to a manual 

mode. Mechanically driven trucks do not typically have this braking system, 

however, due to the benefits of this system in normal operations, recent models 

have been released with a similar braking system.  

The final theme discusses the geological materials that mine operators use to 

construct the road network. It is not uncommon to find finer materials such as 

clays or silts alongside coal, metal and mineral deposits, and when designers 



 54 

include these in a road's composition, they more likely to reduce the traction 

supply to the vehicles. In contrast, coarser materials such as sands, basalt, 

gravels and sandstone will provide greater traction supply. When a mine 

determines what time of road material they will use to construct the road 

network, it is dependent on the budget set for the project and the local geology 

of the mine. It is far more cost efficient to utilise in-situ materials - typically 

waste products from the mining process - than to import products into the mine 

site. 

In situations where the ideal materials are readily available or affordable, work 

is more likely to shut down sooner. This restraint is not only a matter of 

protecting the safety of workers, but it is also a matter of optimising production. 

The Supervisors need to monitor the road conditions to ensure they can return 

the road network to normal operating conditions as soon as possible after the 

rain event has ceased. This recovery process relies upon heat to warm the 

roads which may be supplied by the sun or by running the haul trucks and 

heating with the kinetic energy generated by the tyres. The risk of running 

rubber-tyred vehicles of any size, however, is that they will tear up the road and 

cause more damage than if they had stopped work, resulting in a recovery that 

will require more effort than what was gained by sustaining operations.  

Depending on the severity of the rain event, a Supervisor may also decide to 

bring in graders or bulldozers to trim back the wet material and push it to the 

side of the road to dry out. Alternatively, they may bring in dry material from the 

waste dump or disassemble bunds and spread it over critical circuits to provide 

more traction. The decision to do this is dependent upon how urgently the mine 

needs to return to work, the extent of the damage that the rain inflicts and the 

quality of the road drainage systems. Whichever way the Supervisors decide to 

proceed, they need to balance the costs associated with the loss of production 

against the costs involved in recovering the road network.  

Work is often stopped or restricted because it is dependent upon other work 

occurring. Due to the issue of traction control, rubber-tyred vehicles are often 

the first items of equipment to stop work or restrict their speeds. In a surface 

mining operation, the haul trucks form the central function, and the other work 

processes occur simultaneously to ensure they have material to haul. Once the 

haul truck stops, the excavator, bulldozers or graders will reach a point where 
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they can do no further preparation and must also stop until the trucks return to 

work.  

The mining operation can sometimes take advantage of the downtime of the 

haul circuit to undertake opportune ancillary activities. This might include in-pit 

refuelling, equipment inspections or minor part replacements. This is entirely 

dependent upon the severity of the rain event, as these tasks will also reach a 

point where it is unsafe or uncomfortable to work. The mine is also dependent 

upon the ability for the emergency team to respond, therefore if the road 

conditions are too unsafe for the rescue truck to access or traverse, then all 

operations will cease until the Supervisor deems them safe again.  

I was surprised to discover that during rain events, the 'lead truckie' often 

triggers the decision to stop work for the mine. This informal role is that of an 

experienced truck operator who has the expertise to determine when the road 

conditions have deteriorated to a state that has become unsafe for the trucks to 

continue operating. This comes back to their gut feel and their ability to know 

the right moment between maximising production and mitigating safety. The 

truck operator’s recommendation to stop triggers approvals by the Open Cut 

Examiner (Queensland and New South Wales only) or the Supervisor, who 

rarely question the operator's judgement.  

Within the organisation that I studied, there is no documented decision-making 

process to determine when work should stop due to a rain event. That is not to 

say that they do not exist in other organisations. However, there are rigorous 

inspection and testing programs in place to recommence operations once they 

have been stopped. Some sites install friction monitoring systems on the 

Supervisor's light vehicle, which require the driver to reach a certain speed on 

the road, engage the brakes and measure the stopping distance. This provides 

an objective measure to inform the Supervisor on whether the traction supply 

has returned to normal operating conditions. The limitation of this system is that 

it does require extrapolation in interpreting how efficiently a two-tonne light 

vehicle stops on the road, compared to an unloaded haul truck that weighs 

three hundred and fifty tonnes.  

For the most part, though, there is no centralised control point that stops or 

restricts the work. The process relies heavily on those working in the pit to 
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inform the decision. While some teams may be more conservative than others, 

notably when overseeing manned equipment with a risk to workers health and 

safety, rarely is the decision made too late. The only exception is for 

autonomous haul truck circuits which do have a central control room, although, 

the decision is ultimately left to the Supervisor who will regularly visit the mining 

area.  

The participants did identify work processes at the mine that are not stopped or 

restricted during an adverse weather event. Apart from indoor work activities, 

tracked equipment such as excavators and bulldozers can continue to operate 

under wet conditions. This is because the tracks are composed of grouser 

plates that are designed for continuous contact and therefore maximum traction 

with the ground, especially while traversing loose material. This type of 

equipment is also running at a much slower speed than the rubber-tyred 

vehicles and are designed to undertake entirely different work tasks.  

Excavators are working on a bench, and most of their action involves swinging 

lifting material or swinging on the spot between the dig face and the haul trucks. 

Often when they are relocated they are floated by rubber-tyred vehicles to 

overcome the speed deficiencies as the weight of the digger can destroy the 

road. Dozers move location more frequently but are designed to push material 

rather than transport it. Not only are the tracks designed to maximise traction in 

all terrains, but also to have maximum pushing power against the ground, and 

therefore more traction. 

4.2.2. Discussion 
The primary reason for stopping a surface mine's operations during a rain event 

is the change in traction on the road. Specifically, the supply of traction from the 

road surface is less than what is required by the wheels of the rubber-tyred 

vehicles that are traversing them. This reduction in traction supply is due to the 

water penetrating the road surface and may occur after as little as two 

millimetres of rain. Any rain event, therefore, has the potential to introduce 

adverse weather conditions to the mine, which may result in truck slides or 

damage to the road network.  

Trucks slide events have the most significant likelihood and consequence for 

heavy vehicles, notably unloaded haul trucks descending ramps. The reason for 
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this is that the road network is designed specifically for the largest trucks that 

use the road. This means that the space for the haul trucks is limited so that if 

they enter a slide, they are more likely to make contact with other vehicles or 

the surrounding infrastructure. There is less impact for medium and light 

vehicles due to the decreased frequency that they access the roads and there is 

more space available to allow them to correct their position. Therefore, haul 

truck circuits are typically the first work process to stop or restrict work during a 

rain event.  

Recent autonomous truck technology presents an opportunity for haul trucks to 

sustain operations longer than manned truck circuits. These types of trucks 

have significantly more advanced performance monitoring systems to allow the 

human operators to control them remotely and detect any changes to the 

operating conditions. Whereas, manned trucks rely entirely upon the human 

operator to control them from within the cab. Mining automation is an exciting 

research area that I did not have the time to delve into for this case study. 

However, the potential for improved production and safety opportunities would 

certainly justify undertaking further research into this area.  

When I commenced this study and began discussing the topic with my peers, a 

standard response that I received was that the best way to sustain operations 

during rain events was to improve the material composition of the roads. This 

area is particularly well researched amongst the mining engineering community 

and an opinion expressed by all of the interviewees. Unfortunately, the decision 

as to what materials are used to compose the road surface and base comes 

down to cost. The mine operators know what type of materials they need to 

improve production efficiency, but they are only able to work with what they can 

afford. Therefore, I have not highlighted this finding as an improvement 

opportunity for surface mine operators.   

The participants advised that there are work activities that often stop or are 

restricted because they are dependent upon other work occurring. These 

activities include ancillary operations that have direct relationships with the haul 

truck circuit, such as loading or servicing. When I raised this with the 

participants, they seemed less concerned by the impacts on these activities. 

They considered the load-haul-dump circuit as a whole and the impacts on the 



 58 

ancillary activities to negligible compared to the central function: the haulage of 

coal, ore or waste.  

I found it interesting that in most surface mining operations the trigger for 

stopping or restricting work is based upon the gut feel of the most experienced 

truck operator. I had anticipated that there were opportunities to implement 

resilience engineering practices at the mine to support the operators and the 

equipment to adapt to the changing conditions. However, there is no opportunity 

for adaption under these circumstances as the operators need to begin to feel 

the early stages of failure, in order to avoid complete failure. This is also 

applicable for autonomous haul circuits that rely upon the truck's performance 

monitoring system to detect and alarm a loss of traction event, to allow the 

control room to adjust the traction and speed settings. While this technology has 

a greater ability to adapt than manned vehicles, it still needs to commence 

failure rather than detect a disturbance that may lead to failure.  

I have not encountered a field of safety theory that necessitates failure. Most 

theorists are working towards improving the detection of disturbances to the 

system or informing decisions making processes to prevent the occurrence of a 

failure. The decision for human operators to deliberately cross the boundary 

between safe and unsafe operations in a highly regulated industry is 

uncommon. However, this process seems to work, and I do not think the 

answer is simply to stop this behaviour. There is an opportunity here for further 

research to investigate why we trust a human operator to drive a three hundred 

and fifty tonne truck along the boundary of safety. 

The findings of this case study demonstrate that rain triggers a degraded mode 

of operation. Most notably, the road network begins to degrade almost 

immediately upon the commencement of a rain event unless mine operators 

use the highest quality materials and drainage systems in their construction. 

This rate of deterioration will continue for some time before the mine will shift 

into a state of emergency or return to normal operations. Autonomous 

technology is introducing opportunities to improve the performance monitoring 

of the trucks which will allow them to sustain operations during this degraded 

state. Hopefully, these characteristics will be transferable to manned mining 

equipment or civil earthmoving equipment and vehicles to improve their 

performance in wet conditions.  
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Unlike Johnson and Shea's (2007) classification, rain does not trigger a shift 

into abnormal operations and result in extra loading on the system. The reason 

for this is because the roads and trucks are not working harder if we introduce 

rain or any other wetting agent. They either adjust their speed and traction 

control to suit the deteriorating conditions, or they cease operations. It is 

important to note that the decision to stop is not always a matter of mitigating 

the risk to safety of the operators. Often, this ruling is dependent upon which 

performance penalties are more significant: the loss of production due to work 

stoppages, or the loss of production due to the recovery of the damaged road 

network. 

4.2.3. Summary 
Having utilised the semi-structured interview process throughout my career, 

particularly during incident investigations and management system design, I 

was not surprised to find this method to be a success. This technique did allow 

me to increase our understanding of how rain affects a socio-technical system. 

While we have not identified any clear opportunities to sustain operations, we 

did identify opportunities for further research to achieve this goal. It has 

undoubtedly provided more information than what I could achieve with the 

existing models of safety.  

I found that one of the most significant contributors to downtime on the project 

was rain events. The primary cause of this stoppage was due to the 

deterioration of - or preventing the deterioration of - the mine road network. 

Visibility is also an issue, both during the event as the rain falls and following 

the event with water ponding on the road network. These risks primarily affect 

the haul truck operations. However as this is a central process in the mine 

operation, ancillary tasks are often ceased due to their dependence upon the 

trucks running.  

I was surprised to find that the decision to stop was not due to a prescribed 

procedure. Instead, most operations rely upon the gut feel of the most 

experienced haul truck operators to determine if the normal operations 

conditions are deteriorating into a degraded mode of operations. This instinctual 

decision-making process is reliant upon the operator interpreting the feel of the 

truck as it begins to slide into failure. It would be interesting to undertake a 
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similar study on other industries to identify whether they rely on minor failures 

during rain events to determine when it is necessary to stop or restrict work.  

The semi-structured interviews allowed me to confirm that rain triggers a shift 

into degraded modes of operation. While there is no model available to illustrate 

this transition succinctly, the method certainly provides sufficient data to justify 

this argument. The method also provides the user with knowledge of how the 

various work activities within the system interact, and how the rainy conditions 

influence these interplays. This capability ensures that semi-structured 

interviews are a suitable technique for identifying the threat of rain on socio-

technical systems. 
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4.3. How does lightning affect the mining system? 

4.3.1. Findings 
Lightning events often occur alongside rain events. However, it is not 

uncommon to experience lightning throughout remote regions of Australia 

without the presence of rain. For this reason, the mine operators utilise a 

separate monitoring process to identify lightning strikes as they approach the 

mine. Commonly, the mines will engage a subscription service such as the 

Weatherzone (2018) Lightning Tracker to alert them when the service detects 

lightning strikes in their area.  

Unlike rain events, a central control point within the mine will monitor and 

determine the need to stop or restrict work for lightning events. Typically, this is 

the Open Cut Examiner or the primary Mining Supervisor, but it may also be the 

radio dispatch operator or the site security team. The subscription service will 

distribute the email alerts to members of the mining and maintenance 

supervisory team, and the Mining Supervisor will assess the level of alert 

against a Trigger Action Response Plan (TARP). I have drafted a simple 

example of a lightning TARP in Table 4-3. 

Trigger Action 
Response Plan 

Level 1 
Normal Operations 

Level 2 
Lightning <50km 

from mine 

Level 3 
Lightning <10km 

from mine 
Open Cut Examiner Maintain awareness 

of blasting activity 

status 

Notify mine site of 

approaching lightning 

risk 

Cease operations if a 

sleeping shot is in 

the ground.  

Restrict operations if 

explosive risk is 

absent.   

All Personnel No action. Prepare to cease 

work activities.  

Secure loose 

equipment.  

Move to evacuation 

area if sleeping shot 

is in ground.  

Table 4-3: Example of a lightning TARP 

Often, the mine operation will align their lightning TARP to the email alerts. The 

alerts are customisable based upon the distance to the mine site, and the TARP 

will align to the set distances. The TARP will then guide relevant personnel on 

the actions that they need to take as the lightning event proceeds. The mining 

regulators do not prescribe this process, but it is a common practice within the 
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industry. The TARPs aid the mine's supervisory team to consistently manage 

the risks associated with lightning, which include: 

1. Strikes on persons 

2. Strikes on equipment 

3. Strikes on sleeping blasts 

The participants of the study were not too concerned with the risk of lightning 

strikes to workers. I suspect this is due to the low occurrence of significant 

incidents within the industry relating to lightning strikes on persons. The 

Queensland Government (2018) reports on average one lightning related high 

potential incident per year (reviewing reports between 2008-2013). These all 

involve individuals receiving electric shocks due to a strike in the vicinity of their 

work area. 

Despite this data, when I questioned the participants on their knowledge of 

lightning-related incidents, they would inform me of high consequence incidents 

relating to strikes on equipment or sleeping shots. The New South Wales 

Governments (2014) 'International Mining Fatality Review Database' records 

two lightning-related fatalities recorded in Australia and the United States of 

America between 1888 and 2008. Unexpectedly, both of these fatalities 

occurred on underground mines, albeit in the surface infrastructure. Neither of 

these involved a lightning strike on equipment or stored explosives.  

I found it difficult to find records of incidents that have occurred due to lightning 

strikes on equipment. When I questioned the participants, the only example the 

provided was a lightning strike on a haul truck that had occurred in New South 

Wales. I located the New South Wales Governments (2008) Safety Alert, and it 

explained that the incident occurred on a stationary haul truck which resulted in 

a tyre explosion within two to five minutes of the strike occurring. Despite the 

fact that the truck had been parked up and there were no personnel in the 

vicinity, this was flagged as a safety incident because the tyres that had 

exploded sit below the operator's cabin of the truck. I suspect there are gaps in 

the reporting of lightning-related incidents in Australia just because there is no 

requirement to do so unless there is a risk to the safety of workers. 

Unfortunately, due to the lack of records, this suspicion would be difficult to 

validate without undertaking a prospective study across the industry. 
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The participants all perceive the highest risk to be strikes on a sleeping shot 

and this will typically trigger a one kilometre evacuation surrounding the blast 

area during lightning events. In preparation for blasting, the drill and blast crew 

will establish blast holes and fill them with explosive material within coal, ore or 

overburden deposits within the mine. This process breaks the rock into smaller 

particles to facilitate the load-haul-dump work activities. The blast loading 

process will often take several days, and a mine may often conduct a blast once 

per week. Therefore, it is not unusual for blasted material to be in the ground for 

a few days a week, which is known as a sleeping shot. 

There is some confusion surrounding the risk of unintended detonation of 

sleeping shots. Mines will typically use ammonium nitrate as their explosives 

material which is considered a Class 5.1 oxidising agent under the Australian 

Dangerous Goods Act (Queensland Government, 2017). This characteristic 

means that ammonium nitrate aids combustion by providing oxygen, thus 

facilitating bigger and better bangs. By itself, it is stable and non-flammable. It 

requires an explosion from another source to introduce pressure and enable the 

combustion process.  

To initiate the explosion in a blast hole, the Shot Firer will add a primer and 

detonator on top of the bulk explosive material. They will then connect the 

detonator within each hole with detonation cord that will allow the Shot Firer to 

control the sequence of explosions utilising an electric detonation system. It is 

the primer, detonator and detonation cord that introduces flammable and 

explosive materials to the sleeping shot. Typically, this process does not occur 

until the last day of the loading process to minimise the risk of unintended 

initiation. Therefore, the risk of explosion due to lightning strikes is not to 

sleeping shots, but to charged blast holes, and even then, the lightning needs to 

connect with the five-millimetre detonation cord that is poking out of a blast hole 

at the bottom of a mining pit.   

I have been unable to find any incident data to support the theory that there is a 

risk of unintended initiation of charged holes when utilising modern electric 

blasting systems. That said, I have not undertaken an extensive review of this 

risk, and I believe it warrants further research in order to make an educated 

recommendation on whether we need to stop work and activate an evacuation 

during lightning events. At present, the impact on downtime during the storm 
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seasons is significant, and there are limited opportunities to sustain operations 

without this further research. I do suspect that the idea of thousands of tonnes 

of explosive material sitting in the middle of the mining operation does instil fear 

with workers that do not have expertise in this field. It would be worthwhile 

exploring this belief and may offer insight into how we may unravel that bias 

within the industry.  

When work is stopped or restricted it is not due to any dependency upon other 

work occurring during a lightning event. The risk of lightning is the same to all 

work activities within the mine operation. Unlike rain events, all areas of the 

mine will be shut down at the same time for a lightning event as the strike rate is 

less predictable once the storm moves in. Therefore, there is no work at the 

mine that is not stopped or restricted when lightning is in close proximity. 

4.3.2. Discussion 
The mines treat the risk of lightning strikes differently to how they treat rain 

events. Even though the two often coincide, they also often occur separate from 

each other, and the threats to the mining operation are entirely different. As 

discussed in the previous section, rain events result in the deterioration of mine 

roads and operator visibility, and these changes may last after the rain has 

subsided. Lightning on the other hand only poses a risk while the storm event is 

in close proximity to the mine operation and it poses a risk of damage rather 

than deterioration.  

The threat of lightning to a mining operation is the electrostatic discharge 

coming from an unpredictable source and contacting an object with stored 

energy, or a person either directly or indirectly through infrastructure or 

equipment. Modifications can be engineered to aid in dissipating this energy to 

the earth, such as lightning finials and earthing structures. Adding layers of 

protection will do little to protect workers from this threat. Instead, if we want to 

identify opportunities for sustaining operations, our focus should be on safely 

discharging the electrostatic energy on critical work activities.  

I found it interesting that the participants did not identify this potential for 

sustaining operations. Those with mining expertise often include drill and blast 

responsibilities in their portfolio, and therefore they should have some 

understanding of the earthing infrastructures that we install on explosive storage 
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magazines. Likewise, I would expect those with maintenance experience to 

have an understanding of earthing principles. Regardless of their expertise in 

electrostatic charges, they did not place a high level of importance on the threat 

of lightning striking people or equipment. 

The participants all place a high level of importance on the TARP system that 

the mining industry has designed to control the perceived threat of unintended 

initiations of sleeping shots. It seems as though this attention is misplaced. For 

one reason, the ammonium nitrate that we position at the bottom of a blast hole 

which sits far below the depths of a mining pit is stable without the introduction 

of explosives products such as detonators, primers and detonation cord. 

Secondly, we store these explosive products in magazines that are often in 

proximity to the administration area of the mine to allow for ease of access for 

deliveries and the drill and blast crew. So, when lightning strikes threaten the 

mine operation, why are we afraid of sleeping shots but not the magazines that 

store far more potential? 

It seems as though mine operators have a good understanding of how the 

explosives behave and can anticipate the effects of lightning strikes. What we 

seem to be lacking is a good understanding of how the two interact in a mining 

environment. I believe the semi-structured interview process has not only 

helped us to determine that lightning does affect the socio-technical system, but 

it has also highlighted the gaps in our knowledge that require further 

exploration. There is an excellent opportunity to continue research into the 

threat of lightning on socio-technical systems, notably through extending this 

case study to focus on the use of explosives in mining operations.  

I am confident that the findings so far further prove the concept that adverse 

weather events trigger a shift into degraded modes of operation. I do not believe 

lightning events can be classified as abnormal operations as they do not 

increase the load on the system or cause the processes to work harder. 

Johnson and Shea (2007) characterise degraded modes as eroding the safety 

margins that usually protect the normal operating practices. Lightning can 

undoubtedly trigger one or more components of the system to fail and thus 

result in restrictions until we can return to normal operations. While the time 

between shifting from normal operations and racing towards a state of 

emergency or immense loss is much shorter than what you experience with rain 
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events, the recovery period could be much longer due to higher consequences 

that result from lightning strikes. 

4.3.3. Summary 
The semi-structured interview process has proven to be a useful tool in 

increasing our understanding of how lightning events affect a socio-technical 

system. More importantly, it has identified the gaps in our knowledge and 

highlighted areas where there is a need to undertake further research in order 

to identify opportunities for sustaining operations. This gap is particularly true for 

the relationship between lightning strikes and the explosives used in surface 

mining operations. While we are confident in the theoretical understanding of 

the behaviour of each entity, our knowledge is incomplete when it comes to the 

complex interactions that transpire as they encounter each other within the 

socio-technical system. The technique has allowed us to respond to each of the 

research questions and clarify the threat of lightning events on surface mining 

operations.  

It is common practice for mine operators to cease work once a lightning event is 

in the proximity of the mine. This stoppage only comes into effect if a sleeping 

shot is present due to the perceived risk of unintended initiation of the bulk 

explosives. Under these circumstances, all work activities will cease, and the 

threat of lightning strikes is the same for all processes, persons and equipment 

within the mine operation. Unlike rain events, all areas of the mine will be shut 

down at the same time during lightning events as the strike rate is less 

predictable once the storm moves in. Therefore, there is no work activity at the 

mine that is not stopped or restricted when both a sleeping shot and lightning 

strikes are present. 

The mine operators commonly utilise a lightning tracker and TARP system to 

inform their decision to stop or restrict work. As the regulators do not prescribe 

this process, it is at the discretion of each mine to determine whether the TARP 

will apply under circumstances where lightning is present with no sleeping shot. 

A central control point will undertake this decision-making process, and it 

usually falls to a member of the mining supervisory team to make the judgment 

based on the planned work activities for the day and the severity of the lightning 

event. The interview participants did not perceive this process to be too 

conservative or too late. However, I question whether this approach is too 
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conservative due to the poor understanding of the relationship between 

lightning strikes and the explosives used in the mining operation.  

This data shows that the semi-structured interviews do provide a greater depth 

of understanding when compared with the three models of safety that I tested in 

the previous chapter. Unfortunately, the analysis of lightning strikes has not 

been as successful as the rain events section of this study in gaining knowledge 

of how the various work activities within the system interact, and if weather 

conditions influence these interplays. However, it has allowed me to focus on 

specific areas that require further exploration, and it enables me to continue 

supporting the concept that adverse weather triggers a shift into degraded 

modes of operation. It has also allowed me to compare and contrast the effects 

of rain and lightning on the system which provides a rich data set to support the 

justification of these concepts.  
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4.4. What other events affect the mining system? 

4.4.1. Findings 
Through the semi-structured interview process, I was able to identify five other 

adverse weather events that impact on surface mine operations. These include: 

• Dust 

• Wind 

• Fog 

• Heat, and 

• Cold.  

The participants did not place as much importance on these as they did for rain 

and lightning and therefore I was not able to collect as much data for these 

events. However, I was still able to determine what the threat of these events 

was in the Australian surface mining environment and identify answers to the 

research questions.  

The mining activities that we undertake are responsible for the majority of the 

dust events that arise in surface mine operations. When we combine heavy 

earthmoving equipment with hot and dry environmental conditions, dust 

particles will release into the atmosphere and generate clouds that can be 

visible from kilometres away. These events provide the following threats to the 

mine operation:  

• Health and safety: impaired visibility and respirable/inhalable dust 

• Environment: pollution as certain soils shift to protected areas or through 

loss of topsoil, and 

• Community: dust moves off-site and impacts the neighbours. 

While it is not common, a mine site may also be affected by a dust storm that is 

generated offsite and passes through the mine operation. On these occasions, 

the event will be treated much the same as a rain event, in that the work will 

cease until the threat to visibility and respirable dust has abated. When the mine 

is responsible for generating dust, it is typically well controlled through task 

relocation, slowing road speeds, and the use of water carts to spray down the 

offending roads and work areas. However, the operations need to be mindful 

not to over-water the roads as this can result in similar impacts as rain events.   
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Wind will only affect mining work activities that involve the use of ropes, chains 

or harnesses to lift or hold loads. These tasks may include lifting operations 

utilising cranes, rescue training and responses utilising vertical rescue 

techniques, and working at heights. High winds will result in the load becoming 

unstable and may result in loss or damage to the load. Likewise, the wind may 

affect the stability of the lifting mechanism and result in the rollover of cranes or 

other lifting equipment. Workers may restrict low-risk lifts under these conditions 

by reducing the load and adding tag lines, but critical lifts (dual and heavy lifts) 

will cease until the high winds have diminished.  

During transitional seasons, fog will commonly affect low lying areas of surface 

mine operations in the hours surrounding sunrise. Shift change occurs at this 

time, so it does not often affect operations, but is more likely to affect the 

transport of workers to and from the site. Fog poses a threat to the visibility of 

workers that are undertaking tasks outdoors, not only from the fog itself but also 

due to the trapping of dust under the inversion layers. Fog will often burn off 

within the few hours following sunrise and during this time operations may be 

stopped if it is unusually thick, or speeds may be restricted if there is still 

sufficient sight distance. This is often dependent upon the task, the location and 

the proximity to other operating equipment.  

Extreme temperatures are a threat that Australian surface mines are well-

versed in controlling. Cold is not an issue that Australian mines typically have to 

deal with, but extreme heat in summer is pervasive in all climates and regions. 

Heat will mostly affect working that are undertaking tasks outdoors and outside 

of vehicles (e.g. field maintenance, drill and blast crew), or alongside parts of 

the system that generates heat (e.g. boiler making, welding, confined spaces). 

Workers will control these tasks through the use of temporary shade structures 

and ventilation systems, task rotation, education, and the provision of air-

conditioning, personal protective equipment, ice machines, electrolytes and 

sunscreen.  

The participants did not provide any examples of where work activities are 

required to stop during these adverse weather events because they are 

dependent upon other work occurring. However, they did highlight activities that 

are not affected by these conditions. Unlike lightning strikes, these other events 

do not trigger a site-wide shut down as they will only affect tasks with exposure 
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to the adverse weather conditions (with the rare exception being externally 

generated dust storms). Any task that does not generate dust can continue 

during hot and dry conditions, and any task other than lifting activities can 

continue in high winds. Fog will not affect activities located in higher areas of 

the mine operation, and any task where a worker can minimise their exposure 

to heat can continue.  

There are various forms of data that the mine operation utilises to inform the 

decision to stop or restrict work. Much like rain, dust and fog are reliant upon 

the workers in the area to advise that conditions have deteriorated. Dust 

monitors are in place to observe what levels of dust are leaving the site, but 

these are located on the boundary so by the time they trigger an alarm it has 

often already affected the mine operation. When the mine is using smaller 

cranes (less than twenty-five tonne), they rely upon the worker's observations to 

detect wind and whether it will affect the lift. However, larger cranes have inbuilt 

wind speed monitors at the end of the booms to readily detect changes in 

conditions, and often workers have access to a weather subscription service 

which can provide wind speeds for the nearest weather station.  

Workers may also monitor temperature through the weather subscription 

service and often the forecast for the day will be included in the pre-start 

meeting. Often thermometers will also be located around the mine and in 

various infrastructure or equipment to monitor areas that are susceptible to 

extreme heat conditions. A centralised control point will usually monitor this data 

for changes that may trigger the requirement to stop or restrict the work. 

Typically, the supervisor in the area will determine when this occurs, but a 

worker may choose to stop work if they deem it to be a threat to their health or 

safety. The participants did not indicate that this process is too conservative or 

too late, but I should note that all of the interviewees currently work at a 

management level and it has been many years since they may have been 

required to undertake laborious tasks at the coal face.  

4.4.2. Discussion 
An interesting phenomenon that I identified through the study of these minor 

weather events was that the adverse weather conditions could be triggered both 

naturally outside of the system and artificially by the system itself. Dust storms 

and lessor dust clouds can form naturally through hot and dry conditions, both 
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internal and external to the surface mine operation. Likewise, the mine 

operation - particularly earth moving activities - can amplify this dust cloud 

generation and cause a more significant impact on the system. So, when we 

are designing the socio-technical system, we need to have the ability to 

consider how the system might amplify any external conditions and identify 

controls that can sustain the increasing load. Dust and extreme heat are the 

only adverse weather events that may fall into the category of abnormal 

operations that was assigned by Johnson and Shea (2007), however, I would 

argue that they also trigger a degraded mode of operation as they both erode 

safety margins that usually offer protection.  

High winds are also an excellent example of a condition that triggers a 

degraded mode of operation. Critical lifting activities are highly regulated and 

clear-cut: you do not proceed with dual or heavy lifts in high winds. However, 

smaller lifting activities are less prescribed and more subjective. Workers have 

more freedom with these lifts to implement workarounds, typically through the 

reduction in the size of the load or the addition of tie lines to ensure the load is 

more controllable. While this may be a perfectly acceptable restriction, as 

Johnson and Shea (2007) highlight, there is an increased potential for this type 

of activity to undermine the safety.  

The participants found fog to be the least concerning of all of the adverse 

weather events. I attribute this to the fact that it has the least amount of impact 

of the mines ability to operate. In its severest form, only work activities where 

the poor visibility increases the potential for collision or drop-off is ceased, and 

even then, it is only for a short period of time. Fog rarely inhibits field 

maintenance activities and mining operation tasks that we undertake in low-risk 

work areas, such as dozer push or paddock dumping, can be sustained or may 

be subjected to speed restrictions until the weather event clears. It is important 

to note that this impairment to visibility does trigger a degraded mode of 

operation, as the mine will continue to operate in a restricted manner. 

4.4.3. Summary 
I was able to identify five other adverse weather events that affect a surface 

mine operation, but the interview participants did not place as much importance 

on them as they did with rain and lightning events. These events are less 

concerning than rain and lightning because their contribution to downtime is 
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minimal in comparison. The primary reason for this is that as these conditions 

begin to influence the system, the mine operators have more opportunities to 

sustain operations. The mining industry has a good understanding of these 

threats, and therefore they have implemented adequate and effective controls.  

Due to this improved understanding of the behaviours of these weather events, 

the semi-structured interview process is able to provide clarity on how the 

various work activities within the system interact, and if weather conditions 

influence these interplays. The introduction of adverse weather conditions to the 

system can initially trigger a shift from normal operations, but then as the 

system continues to operate new threats can be generated, or existing threats 

are amplified. For example, when the weather introduces hot, dry and dusty 

conditions to the mine operation, the earth moving equipment is more likely to 

generate dust. As the operation attempts to control the dust that is artificially 

created by the system, it then introduces the risk of over-watering the roads.  

Likewise, during periods of extreme heat a field maintenance worker who is 

refuelling an excavator will have periods of exposure as they exist the service 

truck and attach the fuelling mechanism. If they enter the engine bay of the 

excavator to undertake a repair or an inspection, the adverse weather 

conditions will amplify the heat generated by the machinery and create a work 

environment approaching sixty degrees Celsius. The combination of the 

knowledge held by the content experts and the method of semi-structured 

interviews provides an advantage over the three safety models that I tested in 

this case study. Not only does it provide an improved understanding of the 

effects of adverse weather conditions on mine operations, but it also has the 

ability to highlight the changes in behaviour within the socio-technical system.  

It is important to note that this method has also allowed me to distinguish 

similarities and differences between all the weather events identified in this case 

study. The existing models of safety that I tested in Chapter Three would not 

have been able to provide the same level of comparison. The array-style of the 

Risk Matrix Model does allow for the correlation of hazards and risks ratings if 

the user prepared it with a tool like Microsoft Excel. However, this model does 

not aid in the comparison of causal factors and instructs the user to focus on the 

magnitude of the consequences rather than the suggesting that there may be 

multiple consequences with varying levels of severity. STAMP and FRAM would 
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have been unable to provide any comparison between these events due to their 

inability to efficiently illustrate adverse weather conditions.  

The semi-structured interview method was able to highlight that, unlike lightning 

strikes, these other events do not trigger a site-wide shut down and will instead 

only require management through the implementation of restrictions (with the 

rare exception being externally generated dust storms). While, compared with 

rain events, dust and fog are reliant upon the workers in the area to advise that 

conditions have deteriorated rather than a technical monitoring system and a 

central point of contact for decision-making. This level of insight allows for the 

identification of interrelating themes and enables the user to make sense of the 

meanings the actors have about the socio-technical system. From a safety 

theory and practice perspective, this means we have far more opportunity to 

identify causal factors, external conditions, emerging factors, areas of 

complexity and therefore areas for improvement than we would if we were to 

use a model of safety. 
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Chapter 5. Conclusions 
The aim of my Master of Arts (Research) project was to increase our 

understanding of how weather affects a socio-technical system so that we may 

identify opportunities for sustaining operations. To achieve this, I decided to test 

four methods of qualitative assessment to determine which process was most 

suitable for addressing the gap that existed in the knowledge. I undertook these 

tests on a case study of the Australian surface mining industry in order to apply 

these practices to a real-life socio-technical system. This resulted in both an 

increase in the understanding of how adverse weather conditions affected 

surface mine operations and allowed me to theorise on how the same 

conditions might apply in other settings.  

During the preliminary testing phase, I needed to identify the most suitable way 

of classifying how adverse weather conditions affect a socio-technical system. 

By undertaking a comparison that is outlined in Table 3-3, I was able to 

determine that weather is an external condition on the system rather than a 

hazard within the system. When you depict weather as a hazard, you perceive it 

to be an uncontrollable force of nature that is impossible to reduce the likelihood 

of the event occurring and focuses your attention on limiting exposure to 

mitigate any consequences. Alternatively, by considering adverse weather as 

an external condition on the system, you can precisely identify the hazards that 

it generates and therefore establish far more opportunities for minimising harm 

and sustaining operations.  

In the preliminary testing phase, I assessed the suitability of three popular 

models of safety: The Risk Matrix Model, STAMP and FRAM. The Risk Matrix 

Model as is it designed does not provide the user with an improved 

understanding of how weather affects a socio-technical system. The reason for 

this is the existing process steps do not allow the model to consider adverse 

weather as an external influence on the system, which in turn may result in 

hazardous situations. Instead, the model leads the user to consider weather as 

a hazard to the system and in turn develop controls to prevent or mitigate harm. 

This perception limits the user's ability to sustain operations as the weather is 

inherently uncontrollable.  
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The modifications required to adequately represent weather are not a significant 

alteration to the risk assessment process. The change is merely the inclusion of 

additional criteria to augment the core process steps and allow the user to 

consider weather events as an external influence on the system. Unless the tool 

is modified, then it will provide little to no opportunities for sustaining operations 

during weather events, and I could not recommend the use of this model. The 

additional criteria that I recommend to include in addition to the existing process 

steps are as follows: 

1. Identify the work activity (new) 

2. Identify the normal state in which the system is designed to operate 

(new) 

3. Identify the hazard 

4. Identify the hazards causal factors (new) 

5. Identify the degraded mode of operation by which we can apply 

restrictions operations (new) 

6. Identify the potential losses 

7. Assess the likelihood or probability of the event occurring 

8. Assess the magnitude of the consequence if the event occurs 

9. Identify controls or barriers to prevent the event from happening or 

mitigate the loss once it does transpire 

The STAMP model also does not provide the user with an improved 

understanding of how weather affects a socio-technical system and is less 

useful for this purpose than the Risk Matrix Model. While the model does have 

some measure of success in that it is beneficial in depicting the structure of 

socio-technical systems, it lacks the ability to represent external conditions on 

the system or variations in the state of operation without creating individual 

models for each weather event. This inability is an issue because to understand 

the effects of weather on the surface mining operation, the user needs have the 

capability to analyse how the introduction of adverse weather forces the system 

to change. I found the STAMP model is too static in its design and to resource 

intensive to create the instantiations required to represent the effects of weather 

to address the aim of this research project adequately. Therefore, I would not 

recommend it for representing or analysing the effects of adverse weather 

conditions on socio-technical systems.  
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Despite providing an impressive model of a socio-technical system, FRAM does 

nothing to increase our understanding of how weather affects the system so 

that we may identify opportunities for sustaining operations. Like STAMP, I was 

unable to discover any modifications that would enable this method to address 

the gap in the knowledge. The model is incapable of illustrating weather as its 

focus is on the internal mechanisms of the system rather than the performance 

of functions following the introduction of external influences. Again, the user 

would need to create an instantiation for every adverse weather event, and 

potentially for the varying levels of severity. The effort that this would entail 

would far outweigh the benefit gained, and therefore I do not recommend it to 

achieve the aim of this study.  

Upon conclusion of the preliminary testing, I began to question the benefit of 

modelling for adverse weather conditions or any situation that requires the 

analysis of change within a system. A static model cannot depict the 

unexpected or emergent variation that is required to fully comprehend the 

effects of adverse weather conditions on socio-technical systems. A system is 

dynamic, so the idea of trying to represent it as a static entity for risk 

identification purposes seems pointless. For this reason, I decided to undertake 

semi-structured interviews with mining experts to determine whether another 

form of qualitative assessment is more appropriate for understanding the effects 

of adverse weather conditions. I settled on semi-structured interviews as they 

allow the user to explore themes such as effects of weather on a socio-technical 

system while providing the flexibility to follow new lines of inquiry that the 

participants may raise.  

After testing the method extensively throughout the case study, I can confirm 

that the semi-structured interviews do provide a greater depth of understanding 

when compared with the three models of safety. Having utilised this process 

throughout my career, particularly during incident investigations and 

management system design, I was not surprised to find this method to be a 

success. I was able to identify many benefits to using this method that aided in 

achieving the aim of the study. First and foremost, it allowed me to increase my 

understanding of how adverse weather events affect a socio-technical system 

and identify opportunities for sustaining operations.  
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I anticipated that the method would aid in determining the gaps in our 

knowledge and focus our attention on areas where there is a need to undertake 

further research. Also, it allowed us to respond to each of the research 

questions and clarify the threat of adverse events on surface mining operations. 

What was surprising was its efficiency in exploring themes that are 

characteristic of complex socio-technical systems. The tool enabled me to 

describe the behaviours of the adverse weather events, provide clarity on how 

the various work activities within the system interact, and determine if weather 

conditions influence these interplays.  

The method aided in comparing and contrasting the various weather events that 

the participants identified. This was beneficial because there were certain 

events where we had a greater understanding of their effects and this 

knowledge aided in identifying opportunities to sustain operations. Finally, the 

semi-structured interviews allowed me to highlight the changes in behaviour 

within the socio-technical system following the introduction of adverse weather 

conditions. By analysing the change, I was able to determine if these conditions 

trigger a degraded mode of operation.  

On the downside, this success of process relies upon the knowledge held by 

the content experts and the ability of the researcher to extract relevant 

information. There were occasions where the understanding of the participants 

was poor, and the semi-structured interviews did not provide sufficient 

information to identify opportunities to sustain operations. There were also 

occasions where the participants were confident in the theoretical 

understanding of the behaviour of each the weather events, but their knowledge 

is incomplete when it came to having the ability to distinguish the complex 

interactions that transpire as they encounter the socio-technical system. 

However, as the semi-structured interviews and the qualitative analysis that 

followed allowed me to recognise these gaps in the knowledge, our perception 

of the actual effects of adverse weather conditions is not limited, and we can 

focus future study opportunities. The three popular models of safety would not 

have been able to provide the same level of analysis.  

As I mentioned, the semi-structured interviews allowed me to confirm that 

adverse weather events trigger a shift into degraded modes of operation. While 

there is no model available to illustrate this transition succinctly, the method 
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undoubtedly provides sufficient data to justify this argument. Each of the 

adverse weather events demonstrated why it is inappropriate to classify 

adverse weather as abnormal operations. I am confident that the findings so far 

further prove the concept that adverse weather events trigger a shift into 

degraded modes of operation. 
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Chapter 6. Further research opportunities 
Further research is needed to increase our understanding of specific mining 

operation themes raised during the semi-structured interviews. These 

opportunities to address the gap in the knowledge are outlined in the following 

sections.  

6.1. How do electrically driven haul trucks compare to 
mechanically driven in wet road conditions? 

Electric drive trucks perform better than mechanically driven trucks during 

normal operations. However, their performance is significantly worse once they 

encounter wet road conditions when the auto-retarder system is applied. The 

industry is increasingly using electrically driven trucks, and recent releases of 

mechanically driven trucks include auto-retarder braking systems. Therefore, 

further exploration is required to identify opportunities for improving the 

performance of these braking systems in wet conditions.  

6.2. How do autonomous haul trucks compare to manned in 
wet road conditions? 

Recent autonomous truck technology presents an opportunity for haul trucks to 

sustain operations longer than manned truck circuits. These types of trucks 

have significantly more advanced performance monitoring systems to allow the 

human operators to control them remotely and detect any changes to the 

operating conditions. Whereas, manned trucks rely entirely upon the human 

operator to control them from within the cab. The potential for improved 

production and safety opportunities justifies undertaking further research into 

this area.  

6.3. Do lightning strikes create a potential for unintended 
initiation of sleeping shots? 

Mine operators have a good understanding of how the explosives behave and 

can anticipate the effects of lightning strikes. What we seem to be lacking is a 

good understanding of how the two interact in a mining environment. I have 

been unable to find any incident data to support the theory that there is a risk of 

unintended initiation of charged holes when utilising modern electric blasting 

systems. That said, I have not undertaken an extensive review of this risk, and I 
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believe it warrants further research in order to make an educated 

recommendation on whether we need to stop work and activate an evacuation 

during lightning events.  

6.4. How do we fail safely in order to detect the potential for 
further failure? 

I have not encountered a field of safety theory that necessitates failure. Most 

theorists are working towards improving the detection of disturbances to the 

system or informing decisions making processes to prevent the occurrence of a 

failure. During the case study, we identified occasions where the decision to 

stop work hinges on the human operators at the sharp end of the decision-

making process, deliberately crossing the boundary between safe and unsafe 

operations in order to detect failures. There is an opportunity here to further 

investigate who sets the boundary of safety, and why we trust a human operator 

to drive a three hundred and fifty tonne truck along it. 
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Appendix A: Information sheet and interview questions 

 

Does the introduction of adverse weather conditions trigger a degraded 
mode of operation in surface mines? 

INFORMATION SHEET AND INTERVIEW QUESTIONS 

Who is conducting the 
research 

Senior Investigator: Dr Drew Rae 
Humanities and Languages / Safety Science Innovation Lab 
Contact Phone: (07) 3735 9764 
Contact Email: d.rae@griffith.edu.au  
  
Student Researcher: Mrs Angelene Galbraith 
Humanities and Languages / Safety Science Innovation Lab 
Contact Phone: 0439 179 684 
Contact Email: angie.galbraith@griffithuni.edu.au  

 
Griffith University Human Research 
Ethics reference number 

2017/770 

 

Why is the research being conducted? 

This research project has been established to determine how adverse weather 
conditions impact surface mines. Once the impact is identified, further study can be 
undertaken to identify opportunities for sustaining operations during adverse 
weather events. Griffith University is facilitating the research project with participants 
from the Australian mining industry. 
 
This research project forms a component of the student researcher’s academic 
program. 
 
What you will be asked to do 

You will be asked to participate in a 45-minute interview with a researcher to answer 
the interview questions provided at the end of this paper.  
 
The basis by which participants will be selected or screened 

Participants will be selected from various surface mines across the east coast of 
Australia. Mines will be selected based upon geographical location, climate and 
geology. Participants will be selected from the mine’s management team and will 
represent either the mining or maintenance department or have overall responsibility 
for the mine’s management.  
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The expected benefits of the research 

The intent of this research is to identify the impact of adverse weather conditions so 
that appropriate risk management tools may be established or identified to aid the 
mine’s management team in making informed decisions.  
 
Risks to you 

There are negligible foreseeable risks to the participants associated with this study.  
 
Your confidentiality and data retention 

The data collected during this study will be de-identified. All audio recordings will 
be erased after transcription. However, other research data (interview transcripts 
and analysis) will be retained by Griffith University in a password protected 
electronic file for a period of five years before being destroyed. 
 
Publication of results 

The de-identified research results will be reported to Thiess, and will also be 
published in an academic thesis and potentially an academic journal. Participants 
can access a convenient, plain language summary of results by emailing a request 
through to a member of the research team.  
 

Relationship between the researchers and the participants 

The student researcher and the participants are all employed by Thiess Pty Ltd. 
The student researcher works within the Global Technology Services, Technology 
Systems department and is not employed in the line management of the 
participants.  
 
Your participation status will not be disclosed to anyone outside of the research 
team.  

 
Your participation is voluntary 

Your participation in this study is voluntary and you do not need to answer every 
question unless they wish to do so. You are free to withdraw from the study at any 
time. 
 
Privacy 

The conduct of this research involves the collection, access and/ or use of your 
identified personal information. The information collected is confidential and will not 
be disclosed to third parties without your consent, except to meet government, 
legal or other regulatory authority requirements.   A de-identified copy of this data 
may be used for other research purposes.   However, your anonymity will at all 
times be safeguarded.   For further information consult the University’s Privacy 
Plan at http://www.griffith.edu.au/about-griffith/plans-publications/griffith-university-
privacy-plan  or telephone (07) 3735 4375. 
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Questions / further information 

If you have any questions or require any further information, you can contact the 
research team.  
 
The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Human Research (2007).  If you have any concerns or complaints 
about the ethical conduct of the research project they should contact the Manager, 
Research Ethics on 3735 4375 or research-ethics@griffith.edu.au. 
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INTERVIEW QUESTIONS  

The following questions will be discussed during the telephone or video 

conference interview with the researcher.  

Think about a time when you were required to stop work due to an adverse 

weather event.  

1. Could you describe in as much detail as possible, how the event affected 

your crew’s ability to do work?  

2. Can you tell me about the tools, equipment or tasks that were able to 

continue work during the event?  

3. Can you tell me about the tools, equipment or tasks that were stopped or 

restricted during the event?  

4. Could you describe in as much detail as possible, how the decision to stop 

or restrict work was made?  

5. Can you tell me about the length of time that the tools, equipment or tasks 

were stopped or restricted?  

6. Could you describe in as much detail as possible, what had to happen 

before your crew was able to return to normal operations?  

7. Could you describe is as much detail as possible, under what circumstances 

your crew could have continued to work, or returned to normal operations 

sooner?  
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Appendix B: Informed consent form 
 

 

Does the introduction of adverse weather conditions trigger a degraded 
mode of operation in surface mines? 

CONSENT FORM 
 

Research Team Senior Investigator: Dr Drew Rae 
Humanities and Languages / Safety Science Innovation 
Lab 
Contact Phone: (07) 3735 9764 
Contact Email: d.rae@griffith.edu.au 
 
Student Researcher: Mrs Angelene Galbraith 
Humanities and Languages / Safety Science Innovation 
Lab 
Contact Phone: 0439 179 684 
Contact Email: angie.galbraith@griffithuni.edu.au 
 

Griffith University Human Research 
Ethics reference number 

2017/770 

 
By signing below, I confirm that I have read and understood the information 
package and in particular have noted that: 
 

• I understand that my involvement in this research will include participation in 
a telephone or video conference interview; 

 

• I have had any questions answered to my satisfaction; 
 

• I understand the risks involved; 
 

• I understand that there will be no direct benefit to me from my participation in 
this research; 

 

• I understand that the student researcher is employed by Thiess but does not 
work within my line management; 

 
• I understand that this research project forms a component of the student 

researcher’s academic program; 
 

• I understand that my participation status will not be disclosed to anyone 
outside of the research team; 

 
• I understand that my participation in this research is voluntary; 

 

• I understand that if I have any additional questions I can contact the research 
team; 
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• I understand that I am free to withdraw at any time, without explanation or 
penalty; 

 

• I understand that I can contact the Manager, Research Ethics, at Griffith 
University Human Research Ethics Committee on 3735 4375 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and 

 

• I agree to participate in the project. 
 

 
 

 I agree to participate in the project. 
 

 I agree to inclusion of my personal information in publications or reporting of 
the results from this research. 

 
 

Name  
 

Signature  
 

Date  
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Appendix C: Recruitment email 
 

 

RECRUITMENT EMAIL 

 
Dear ###, 
 
 
Thiess is collaborating with Griffith University to undertake a research project 
into the management of adverse weather in surface mines. The research team 
would like to invite Project Managers, Mining Managers and Maintenance 
Managers to participate in a 45-minute interview with the student researcher, 
Angie Galbraith. 
 
Research Project Title Does the introduction of adverse weather conditions 

trigger a degraded mode of operation in surface 
mines? 

 
Griffith University 
Human Research 
Ethics reference 
number 

2017/770 

 
Attached is the ‘Information Sheet and Interview Questions’ and ‘Informed 
Consent Form’ for your review. It is a requirement that the Informed Consent 
Form is signed prior to participating in the interview. Please confirm by reply 
email as to your willingness and availability to participate in the interview.  
 
If you have any questions or require any further information, please don’t 
hesitate to contact a member of the research team.   

 
Research Team Senior Investigator: Dr Drew Rae 

Humanities and Languages / Safety Science Innovation 
Lab 
Contact Phone: (07) 3735 9764 
Contact Email: d.rae@griffith.edu.au 
 
Student Researcher: Mrs Angelene Galbraith 
Humanities and Languages / Safety Science Innovation 
Lab 
Contact Phone: 0439 179 684 
Contact Email: angie.galbraith@griffithuni.edu.au 
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Appendix D: Ethics approval 

 

Monday,	January	29,	2018	at	10:51:05	AM	Australian	Eastern	Standard	Time

Page	1	of	1

Subject: Full	Research	Ethics	Clearance	2017/770
Date: Friday,	17	November	2017	at	10:21:54	am	Australian	Eastern	Standard	Time

From: rims@griffith.edu.au

To: d.rae@griffith.edu.au,	angie.galbraith@griffithuni.edu.au

CC: research-ethics@griffith.edu.au,	k.madison@griffith.edu.au

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS REVIEW

Dear Dr Drew Rae

I write further to the additional information provided in relation to the provisional approval granted to your
application for ethical clearance for your project "Does adverse weather conditions trigger a degraded mode of
operation in surface mines?" (GU Ref No: 2017/770).

This is to confirm that this response has addressed the comments and concerns of the HREC.

The ethics reviewers resolved to grant your application a clearance status of "Fully Approved".

Consequently, you are authorised to immediately commence this research on this basis.

Regards

Kim Madison | Human Research Ethics

Office for Research
Griffith University  | Nathan | QLD 4111 | Level 0, Bray Centre (N54)
T +61 7 373 58043 | email k.madison@griffith.edu.au
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Appendix E: Risk Matrix Model test 

Loading area Workplace Risk Assessment Checklist (WRAC) 

The following WRAC has been modified to include the columns ‘Work Activity’ and ‘Hazard Cause’. The identification of these two criteria are typically not a requirement of the risk assessment process.  

Work Activity Hazard Hazard Cause Incident Event Likelihood 

C
onsequence 

R
isk R

ating 

Controls 

Haul truck descends ramp 

into loading area 

Wet road Overwatering by Water Cart Truck slide    Stop work until road dries 

   Restrict speed of trucks until road dries 

   Add gravel to road materials 

   Install automated watering system 

   Train water cart operators in spot watering technique 

Rain Event  Truck slide    Stop work until road dries 

   Restrict speed of trucks during rain event 

   Add gravel to road materials 

   Install drainage system alongside ramp 

Table APP-E-1: Modified WRAC to include Work Activity and Hazard Cause 

In addition to the ‘Work Activity’ and ‘Hazard Cause’, the following WRAC has been modified to include ‘Normal Operations’ and ‘Degraded Mode of Operations’. This is a novel concept when undertaking 

risk assessments utilising the Risk Matrix Model.  

Work Activity Normal Operations Hazard Degraded Mode of 
Operation 

Hazard Cause Incident Event Likelihood 

C
onsequence 

R
isk R

ating 

Controls 

Haul truck descends 

ramp into loading 

area 

Dry road Wet road Decreased traction 

supply from road 

Rain Event  Truck slide    Stop work until road dries 

   Restrict speed of trucks until road dries 

   Add gravel to road materials 

Table APP-E-2: Modified WRAC to include Normal Operations and Degraded Modes of Operation 
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Appendix F: Systems-Theoretic Accident Model and Processes (STAMP) test 

 

Figure APP-F-1: Surface mine loading area STAMP model  



 91

 

 

Figure APP-F-2: Surface mine loading area STAMP model (zoomed in)  
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Appendix G: Functional Resonance Analysis Method (FRAM) test 

 

Figure APP-G-1: Surface mine loading area FRAM model   
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Figure APP-G-2: Surface mine loading area FRAM model (zoomed in)  
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