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FOREWORD 

To industry colleagues and peers,  
On behalf of the Conference Committee, I am delighted to welcome you to attend AusIMM’s 
Minesafe International Conference 2022, held in Perth and online, May 4–5.  
Minesafe is one of the AusIMM’s outstanding technical conferences bringing together government 
regulators, health and safety practitioners and industry professionals to share the achievements and 
challenges within workplace operations and new safety innovations. 
The conference will cover current and emerging health issues, legislation and regulations, policies 
and strategies, risk management and critical controls while highlighting leadership strategies and 
psychosocial management promoting a zero-harm workplace safety culture. 
Delegates will have the opportunity to hear from an innovative range of accepted abstracts, sharing 
insights on thought-provoking themes within mine safety. The AusIMM, along with the Conference 
Committee, has secured a strong list of industry experts to present keynotes on critical safety issues 
and approaches including, Professor David Cliff, MAusIMM, SMI; Bobbie Foot, BHP; Dr Andrew 
King, CSIRO; Adam Meyer, FMG and Peta Slocombe, Performance Story.  
Minesafe’s interactive full trade exhibition will allow a hands-on approach to discover the latest in 
creating a safer, and more productive future for all people working in the resources sector. For those 
joining online, our virtual trade hall will not disappoint along with online networking opportunities, 
functions, discussion groups and on-demand content from the comfort of your own home, office or 
while onsite. Allowing our delegates to access the Minesafe content from wherever they are in the 
world. 
The conference program offers a jam packed two-day program with keynote presentations, panel 
discussions, networking opportunities and more! Sessions will provide insights on health, wellbeing, 
productivity, health issues, upholding health and safety professional standards, risk management 
and critical controls, innovation, leadership strategies and best practice.   
Our conference committee members will be available at the conference and I encourage you to 
engage and ask questions over the two days. 
On behalf of the Committee, we look forward to welcoming you to the AusIMM’s Minesafe 
International Conference 2022 this May in Perth and online.  
 
Yours faithfully, 
 
Andrew Chaplyn, MAusIMM 
Minesafe International Conference Organising Committee Chair 
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Safety at home – this is where mine safety starts 

K Biegaj1 

1. MAusIMM, Director/Owner, Ausvac Mining Pty Ltd, Brentwood WA 6153. 
Email: ausvacmining@iinet.net.au 

ABSTRACT 
During the author’s 25+ year career in mine management in various parts of the world (mostly in 
Australia), the author has been privileged to live and work in mining towns (not FIFO) for more than 
20 years. And has personally observed other people from the mining industry carrying out work at 
home in an unsafe manner, eg pushing lawn mowers whilst wearing thongs or performing electrical 
jobs whilst standing on aluminium ladders, as well as many others. 
It is common that injuries sustained at home whilst on break are not reported upon arrival back on a 
mine site. A large number of compensation claims for injuries at work, which in fact had been 
sustained at home, come at substantial extra costs to mining companies. 

INTRODUCTION 
Back in 2018 the author had been working as a relief mine manager on a FIFO arrangement. Whilst 
on break at home in Perth, the author nearly lost their left thumb while cutting fire wood using a 
circular saw (logs had been supported/laid on proper stands). Proper safety gear, gloves and glasses 
were also being worn. The saw blade came too close to the left thumb and actually cut into it. 
Immediate medical attention was sought at a nearby hospital and the thumb was saved. 
Upon arrival back at the mine site the injury was reported as an accident having occurred at home, 
and necessary daily treatment/bandaging was provided by the Site Nurse. 
In 2006, whilst working as a contract mine manager for one of the biggest gold mining companies in 
Australia, the author designed and displayed, along with permissions of the workforce and upper 
management, injuries that occurred at home on a two-year safety performance graph. This was 
posted each month and updated daily for everyone to view and be aware of, including the cleaning 
staff and night shift personnel. 
The stunningly high numbers of injuries at home displayed on the graph were not included in the 
mine injuries frequency rates calculations – refer to Figure 1 with mine statistics used to generate 
the graph with injuries at home displayed only – not used in the calculations of the LTI and MTI on 
the graph. 

mailto:ausvacmining@iinet.net.au
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FIG 1 – Mine X – Kalgoorlie Area in Western Australia; LTI and MTI accident statistics June 2004 

to June 2006. 

In 1997 the author was working as a registered mine manager of the biggest, and the seismically 
active, Long Victor Complex Nickel Mine located in Kambalda, WA (working for Western Mining 
Corporation Ltd), there were three fatalities. The author still genuinely blames himself for those 
events that had occurred nearly 25 years ago. After that, the author has never allowed fatalities to 
occur on the mines where he has worked as mine manager. 

CONCLUSIONS 
Safety at home is fundamental for all personnel working on mine sites. You cannot have a person 
working safely whilst on a mine site, who ‘normally’ behaves unsafely at home. And when that person 
lands on a mine site, she/he will only pretend to carry out work on a mine site in a safe manner. 
During the author’s time as mine manager, they have had to take a number of drastic measures to 
stop unsafe behaviour on mine sites. 

ACKNOWLEDGEMENTS 
The author wishes to thank the past workforce and upper management of the Mine X Gold Mine 
where in 2006, the two-year trend in safety performance, and the daily updating and public display 
of a graph displaying accidents at home was allowed to be seen and known. 
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Operation of mobile plant near underground voids 

W Ilahi1 

1. Team Leader – Inspector of Mines, Department of Mines, Industry Regulation and Safety 
(DMIRS), East Perth WA 6004. Email: waeel.ilahi@dmirs.wa.gov.au 

INTRODUCTION 

Background 
Underground metalliferous mining methods often result in the formation of vertical openings to 
facilitate the extraction of orebodies. These development and production techniques can result in 
the creation of vertical open voids, which include stopes, orepasses, ventilation raises and other 
excavations. There are risks associated with the use of mobile plant in the vicinity of these voids, 
especially during backfilling and when bunds are constructed at the edge of a stope or void. These 
voids can present unacceptable risks if not adequately managed. 
Since April 2008, the West Australian underground mining industry has suffered three fatalities as a 
result of manned load haul dump (LHD) machines falling into stopes. There have also been a number 
of near misses involving light vehicles. In addition, there have been multiple similar fatalities globally. 
The latest fatality occurred in July 2020, where a LHD fell approximately 25 metres. It is understood 
that the operator was preparing to build a safety bund approximately six metres from the stope edge. 
Potential causal factors include the lack of a physical barrier to prevent the LHD from entering the 
stope and the configuration of the machine which impeded the operator’s capacity to see the edge 
of the open stope as they approached. The following photograph illustrates where the LHD was 
working prior to entering the stope. 

 
FIG 1 – Photograph of bund marking and stope edge. 

After each of these fatalities, Significant Incident Reports (SIRs) were published by DMIRS to alert 
industry to the initial findings that led to each incident. Unfortunately, these serious incidents continue 
to occur as the appropriate controls have not been applied consistently within the sector. 
Mine operators, managers and frontline supervisors are reminded of the importance of developing 
safe systems of work and implementing appropriate controls for all work near open stopes and 
underground voids. The hierarchy of control system should be used for controlling the associated 
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risks as part of the risk management process to prevent fatalities and injuries by identifying the 
hazards, assessing the risks and making the necessary changes to eliminate the hazard or, if it 
cannot be eliminated, minimise the risk of injury or harm to health. If the falling hazard is not able to 
be eliminated (eg by modifying or using an alternative mining method), then the operation needs to 
critically assess the type of mobile plant used near underground voids, with due consideration given 
to readily available technology such as remote controlled equipment. 
Additional controls include placing physical barriers prior to the void creation such as a rock bund, 
engineered steel or concrete barrier, or steel bollards to prevent LHDs and other manned machines 
entering those voids. 

The audit 
To address these ongoing concerns, DMIRS has developed a high impact function (HIF) audit to 
examine how this hazardous activity is conducted in underground operations. Auditing is recognised 
as a systematic method to monitor, review and check whether a safe working environment is 
provided and maintained. The audit is used to determine whether hazards associated with vertical 
openings are being effectively managed using a risk management process. The purpose of the audit 
is to carry out an assessment that can be conducted at an applicable mining operation in one day; 
and to help evaluate a site’s performance against a prescribed set of safety criteria. 
The audit is comprised of four parts. 
The first checks that the operation has a policy, overarching systems, organisational structures, 
procedures and accountabilities to ensure that mine workers are effectively protected from hazards 
by providing safe systems for the management of underground voids. In addition, the development 
and stoping methods should be designed to allow effective safety precautions to be readily applied 
to voids. For example, access drives to stopes should be able to accommodate the placement of a 
rock bund at a prescribed distance from the brow. 
The next section relates specifically to stopes. The intent is to ensure that stopes are planned and 
mined in an appropriate manner. There needs to be an overarching stoping strategy and planning 
process that considers (but is not limited to) geotechnical conditions, initiatives to reduce subsidence 
risk, and a progressive mining sequence that is planned, executed and monitored to ensure 
controlled stope void propagation. Where top access to a stope is unavoidable, engineered physical 
barriers must be designed and positioned such that they are able to withstand the maximum 
expected kinetic energies from the largest mobile plant operating in the vicinity. These barriers 
should be installed prior to the void formation and/or propagation. In relation to mobile plant operating 
near voids, the operation needs to critically examine the need for a manned loader to be operated 
near an open hole. Remote or automated technology should be employed (ie operator not in the cab 
of the mobile plant). 
The third section expands on the above, and targets ‘other vertical openings’, such as orepasses, 
ventilation raises, escape-ways and other excavations. The design, construction and use of these 
vertical openings should consider all the applicable falling hazards related to mobile plant, and put 
in the appropriate controls to address those. Where a falling hazard exists related to mobile plant, 
then appropriate engineering controls and barriers should be considered and installed. 
Lastly, the audit focuses on human factors to maintain a safe working environment. Aspects such as 
effective shift communications and applicable operating procedures should be in place, and 
personnel are required to be adequately trained. Standards are also required for personnel working 
alone. Each vehicle operator is trained and competent for each type of vehicle they use, and fitness 
for work requirements have been established and followed at the operation. 
This presentation will discuss sample audit outcomes, to gauge how industry has progressed in 
managing this critical issue, and to communicate industry best practice. Recommendations will also 
be outlined to empower mining operations to address any deficiencies. The aim is to reduce the risk 
to personnel to as low as practicable. 



Minesafe International Conference 2022 | Perth, Western Australia | 4–5 May 2022 6 

The significant role inattention plays in safety incidents 

C Sylvestre1 

1. Managing Director, HabitSafe Pty Ltd, Sydney NSW 2170. Email: cristian@habitsafe.com.au 

INTRODUCTION 
For the last 50 years, traditional safety management has improved safety performance by: 

• Fixing the environment (eliminating the hazard). 

• Improving the system (more/less rules, procedures etc). 

• Making safety more conscious (more/better interactions about the importance of safety). 
Although these approaches certainly have merit, and may be part of an overall solution, they are not 
enough to prevent many modern-day incidents. 
Today, these three approaches are used more than before, and are used better than ever before. 
Yet, workplace fatalities in Australia have stagnated from 2013 to 2019, as have the number of 
incidents, even serious ones. In the USA, workplace fatalities have increased by 15 per cent in the 
same period. 

So, what is missing? 
There is strong evidence that inattention, or unintentional human error as it is sometimes referred, 
is an important factor in incidents. A 2009 study conducted by Clemson University for the 
Queensland Department of Mines and Energy reviewed 508 reportable incidents in Queensland 
Mining during 2004–2008 and concluded that: ‘Human error leading to an unsafe act was an 
underlying cause of 95 per cent of accident and incidents in Queensland Mining’ (Patterson and 
Shappell, 2009). 
If the significant role of inattention in incidents was better understood many incidents could be 
prevented. 
Competency – having the required skills to do a task – is important but not always enough to avoid 
incidents. Other internal cognitive and neurological factors have the potential to get in the way of 
performing a task safely. 
Interactions with hazards can happen at any time. Traditional safety management and the principals 
of safe design are important in incident prevention but there is always some residual risk, which can 
be increased by the presence of inattention. 
People are accustomed to blaming tiredness, problems at home, outside distractions and other 
external factors that are outside the control of the workplace for inattention. Some of these factors 
could be dealt with as part of a traditional safety management approach, however, there is also an 
opportunity to teach the individual what causes inattention and, more importantly, what can be done 
to minimise it. 

What people do is key, but not what people do consciously 
Most leaders understand what people do ‘in the moment’ (as opposed to what they planned to do) 
has a lot to do with incidents, even serious ones. There is an unstated belief that incidents primarily 
result from people’s conscious decisions. Many workplace safety initiatives based on leadership, 
observations and coaching focus on improving conscious thinking about safety. Of course, this helps 
but is not enough to prevent many incidents. 
Neuroscience shows up to 95 per cent of everyday actions originate in the subconscious. That is, 
the majority of people’s actions have been done many times before and are mostly done in an 
automated fashion. People are aware of what they are doing, but they are not necessarily making 
‘active’ conscious decisions at each step. This is not about psychology or culture; this is about human 
neuro-biology. 
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It is now known that repetition enables the subconscious mind to do many things without a lot of 
conscious thought. Even a complex operation done repeatedly, like driving a car, can be done with 
little involvement from the conscious mind. 

The four main causes of inattention 
Inattention is unintentional and can be caused by a variety of things. 
From over 200 incident investigations conducted over the last 15 years in Australia, it is estimated 
that approximately 95 per cent of the modern-day problem of inattention results from four ‘Attention 
Disruptors’ (Sylvestre, 2017). These are: 

• rushing 

• frustration 

• fatigue 

• autopilot (also referred to as complacency by some). 
Traditional safety management reduces the probability of a person coming into contact with a hazard. 
The problem is that there is always some residual risk, and inattention increases the potential for 
exposure when the traditional risk mitigation measures are breached. It is also worth noting that 
inattention in and of itself could be the cause of this breach. 
While the workplace may be able to address some of the external issues that cause the Attention 
Disruptors, they cannot be eliminated entirely. Unfortunately, telling people not to rush, not get 
frustrated, not to get tired or not go on autopilot just does not work. If people understood (without 
blame or fault) how inattention came about, and how it could be minimised, they would be able to 
avoid many incidents. 

The evidence for a different approach 
There is no silver bullet for safety, and anything to mitigate risk is worthwhile. The author does not 
argue against continuing to fix the environment, improve the system or help people make safer 
conscious decisions. The author does argue though, that the subconscious processes that drive 
much of what people do are relevant and worth addressing to reduce incidents further. 
Given what is now known about how the human brain actually works, the author points out that until 
10 years ago (before the discoveries of neuroscience) an incomplete picture of what influenced 
behaviour was accepted. Neuroscience shows most behaviour is driven subconsciously, at least in 
part. As such, workplaces need to tackle safety as a ‘whole-of-brain’ approach that also helps the 
subconscious mind be safer. 
Understanding how the human brain works is a good start but not enough; workplaces also need to 
apply specific techniques designed to influence the subconscious mind in a way that enables people 
to become habitually safer. After all, people are creatures of habit. 
Inattention minimising approaches have been implemented in a variety of private industries (mining, 
construction and others) and public organisations achieving similar results. 
The Total Recordable Injury Frequency Rate (TRIFR) of a global coal-mining organisation, after 
implementing an inattention minimising program, reduced considerably within three years (Sylvestre, 
2017). 
Given the results achieved to date with organisations in a variety of industries, the author suggests 
that there is a case for putting a stronger emphasis on minimising inattention to reduce incidents 
further. 

REFERENCES 
Patterson, J and Shappell, S, 2009. Operator error and system deficiencies: Analysis of 508 mining incidents and accidents 

from Queensland, Australia using HFACS, Accident Analysis and Prevention 42(2010), 1379–1385. 

Sylvestre, C, 2017. Third Generation Safety: The Missing Piece, pp 95–96; 229–232 (HabitSafe, Sydney). 
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Creating meaningful and measurable lead indicators for safety 

A Gibbs1 

1. CEO, Sentis, Brisbane Qld 4172. Email: anthony.gibbs@sentis.com.au 

INTRODUCTION 
The mining sector has been a leader in investing in safety improvement initiatives, yet relatively few 
mining organisations can accurately track the positive effects of these initiatives or identify areas that 
may require more attention. The consequences of not taking safety seriously are severe, and 
unfortunately injuries and fatalities are continuing to occur across the mining sector (Brady, 2019). 
There is a tendency to turn to lag indicators such as All Injury Frequency Rate (AIFR), Total 
Recordable Injury Frequency Rate (TRIFR), and Lost Time Injury Frequency Rate (LTIFR) to track 
these outcomes. As outlined below these approaches are inherently flawed and a renewed focus is 
needed on indicators within the control of leaders, indicators that have high predictive validity for 
future events and data that is used in a way to enable learning and change. 

LAG INDICATORS 
Lag indicators are those that focus on tracking incidents, injuries, and illnesses, often as a ratio of 
time worked. The data is often collated after an event. Hence, lag indicators are innately focused on 
a quantitative measure of something that has already occurred. A focus on Zero Harm and lag 
metrics has produced positive reductions in the rate of incidents, injuries and fatalities. However, the 
shift to using these lag metrics as key performance indicators (KPIs) for the business and for leaders 
(eg tying these results to bonuses) has reduced the reliability of this data. The quality of lag indicators 
has been affected by a host of issues including, underreporting, down-playing severity, and shifting 
of focus to name a few. Due to this decrease in reliability, it has become more challenging for 
organisations to adequately learn from and use the data to improve their safety performance. The 
Brady Review (Brady, 2019) recognised this manipulation of incident reporting and recommended 
that Lost Time Injuries (LTIs) are not useful safety indicators for the mining sector (see 
recommendation 9). In addition to concerns regarding reliability, another common criticism of 
focusing on lag metrics is that it is difficult for supervisors and senior leaders to know what steps to 
take to motivate or lead their team when the outcome or goal they are striving for is a lack of 
something. While lag indicators are not inherently bad and can provide useful data, these measures 
only provide part of the picture. 

LEAD INDICATORS 
Businesses who excel at safety are looking to lead metrics to not only demonstrate clear return on 
safety investment, but also better predict and prevent incidents in the workplace (Leveson, 2015). 
Lead indicators provide leaders with information about the current state-of-affairs, with data that is 
directly relevant to improved safety outcomes. Examples of lead indicators include, quantity and 
quality of safety interactions and pre-starts, number of safety visits by management, leader 
confidence in their own safety leadership, and positive results in safety climate/culture measures. 
While some lead indicators may be related to traditional lag indicators, and some measures may be 
viewed as both lead and lag depending on the point in time the data is collected. We are not seeking 
to enter into a debate about the difference between lead and lag time perspectives. Rather, we wish 
to provide a view of safety indicators that is more useful and meaningful, and one that can be adapted 
to suit each organisation’s needs. Lead indicators are likely to be different depending on an 
organisation’s risk profile, type of work being completed, and level of safety culture maturity. The 
Sentis approach draws together our learning from internal research, work with clients, and current 
literature (eg Talebi et al, 2021; Salas and Hallowell, 2016). 
A central component to the success of implementing (and getting value from) lead metrics is senior 
stakeholder commitment to measuring safety in a new way. Leaders across the organisation will 
need to shift their mindset. A benefit of lead indicators is that they provide tangible and useful targets 
for leaders to focus on. This empowers leaders to make improvements where lag indicators fail. In 
this session, practical advice on developing your own perspective to lead metrics will be provided, 
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including a focus on quality and capacity measures. Through attending this presentation, you will be 
encouraged to ask: How can we use this data in a meaningful way? What story does this data tell 
us? and, How can we better plan and understand our critical risk areas? Based on data provided by 
19 safety professionals across a variety of industries, we found that only 11 per cent of businesses 
are actively using lead indicators to measure safety success (Figure 1). 

 
FIG 1 – How organisations are measuring safety success. 

CONCLUSION 
In this presentation, we will present a compelling discussion around lag and lead metrics, 
encouraging the audience to reflect on their own current practices. We will explore how the best in 
the business track safety performance with their executive’s full support and provide a practical 
starting point for safety leaders in the mining industry as well as examples of lead indicators in 
practice. 
A few key takeaways of this session include: 

• Popular success measurement and metrics. 

• The challenge with traditional lag indicators and why they may always have a place in safety 
measurement. 

• Why establishing a benchmark for lead indicators is so hard. 

• Considerations for developing meaningful and measurable lead indicators for mining 
businesses. 

• Examples of lead metrics that resonate with senior stakeholders. 

• How to use metrics to build a case for broader safety culture change and improved worker 
outcomes. 

REFERENCES 
Brady, S, 2019. Review of all fatal accidents in Queensland mines and quarries from 2000 to 2019, Department of Natural 

Resources, Mines and Energy, Brisbane Australia, Retrieved from https://www.bradyheywood.com.au/brady-
review/ 

Leveson, N, 2015. A systems approach to risk management through leading safety indicators, Reliability Engineering and 
System Safety, 136:17–34. 

Salas, R and Hallowell, M, 2016. Predictive validity of safety leading indicators: Empirical assessment in the oil and gas 
sector, Journal of Construction Engineering and Management, 142(10):04016052. 

Talebi, E, Rogers, W P, Morgan, T and Drews, F A, 2021. Modeling Mine Workforce Fatigue: Finding Leading Indicators 
of Fatigue in Operational Data Sets, Minerals, 11(6):621. 

https://www.bradyheywood.com.au/brady-review/
https://www.bradyheywood.com.au/brady-review/


Minesafe International Conference 2022 | Perth, Western Australia | 4–5 May 2022 11 

Lessons learnt from six mine disaster case studies to improve audit and 
assurance and ESG 

A Atkins1 

1. FAusIMM(CP), Non-Executive Director, ASX listed companies, Perth WA 6056. 
Email: alex.atkins@bigpond.com 

ABSTRACT 

Case study selection and findings 
Six recent case studies were selected based on the eight main causes of mine disasters (Table 1; 
Quinlan, 2014) and where credible information sources, such as Royal Commission Reports, 
Coronial Investigations and textbooks, were available. The six case studies are listed below. Details 
are available via this link or the conference PowerPoint accompanying this paper. 

1. Beaconsfield, Tasmania – 2006 Fall of Ground/Seismic Event (Chandler, 2009; Melick, 2007; 
Wright, 2012). 

2. Bingham Canyon, USA – 2013 Manefay Slide (Ross, 2017). 
3. Bronzewing, WA – 2000 Hydraulic Fill Inrush (Hope, 2002). 
4. Brumadinho and Samarco, Brazil – 2015 and 2019 Tailings Storage Facility (TSF) failures 

(Bowker, 2019; Darlington et al, 2019; Demajorovic, Lopes and Santiago, 2019; Morgenstern, 
2016). 

5. Northparkes, NSW – 1999 Cave Air-blast (Bailey, 2003; Hebblewhite, 2003). 
6. Pike River, NZ – 2010 Methane Gas Explosion (Macfie, 2013; Panckhurst, Bell and Henry, 

2012). 
TABLE 1 

Quinlan’s (2014) main causes of mining disasters informed the selection of case studies. 

Main causes of mine disasters Case studies 
Tailings dam failures Samarco and Brumadinho (2015, 2019, ~319 dead) 

Rockfalls/seismicity Beaconsfield (2006, 1 dead); Bingham Canyon (0 dead) 

Inrush Bronzewing HF Inrush (2000, 3 dead) 

Air blast Northparkes (1999, 4 dead) 

Poor ventilation Pike River (2010, 29 dead) 

Fire/explosion Pike River (2010, 29 dead) 

Machinery - 

Electrical safety - 
 

Table 2 shows a matrix of the features of each case study. It shows that several features were 
common to more than half of the cases and appear to be systemic in the industry. Each disaster has 
several root causes which develop over time and cannot easily be attributable to one individual, or 
sometimes to one company. The cases contain lessons pertinent to the full spectrum of mining 
companies, from highly leveraged one-mine companies through to Tier 1 multi-national mining 
companies. 
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TABLE 2 
Framework of familiar features (six mine disaster case studies). 
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Features found in >66 per cent case studies were: 

• geotechnical complexity 

• issues with mine design/layout/sequence/production rate 

• poor risk management/inadequate controls 

• poor consultation/training 

• alarms disabled/limited monitoring. 
Features found in 33–50 per cent case studies were: 

• inadequate regulator and/or WHS legislation 

• poorly understood structural geology 

• financial pressure/cost over quality 

• low worker morale 

• poor emergency response. 
These common causes illustrate the importance of first principles engineering understanding of 
critical risks inherent in different mining methods. Also important is a need for clear, honest and 
timely communication between mine technical staff, mine management and mine workers (including 
contractors) and with the mining company’s executive leadership, board and other key stakeholders. 
Realistic expectations must be established from project commencement, with feasibility studies 
accounting for what could go wrong and what must go right for the project to be a technical, 
operational and financial success – the objective of a JORC compliant ore reserve. Too often 
projects are promoted/approved based on over-optimistic assumptions, setting up the operations 
team to under-deliver and to bear the brunt of the risk in terms of fatalities, liabilities and reputations. 
There is a need to create a more fit for purpose, systemic framework to enable the pushing of critical 
information up, from the front line to the C-suite and Board to ensure operations teams are fully 
supported to execute the plan and manage the risks. When the information is technically complex, it 
can get lost in translation between siloed teams and through the channels to the top of the 
organisation, which are dominated by commercial and functional professionals (eg internal audit and 
many P&L line management personnel are predominantly from legal and accounting professions). 
Hopkins (2000, p 30) states: 

Turner demonstrates that misinformation always plays a crucial role; Reason shows 
that all disasters involve both active failures, that is, immediate causes, and latent 
failures, that is, underlying system inadequacies; yet other analysts argue that all 
disasters can be traced to management system failure. 

The Bingham Canyon Case Study is an example of the bad news travelling to the top of the company 
fast such that comprehensive Trigger Action Response Plans (TARPs) were in place in advance of 
the Manefay Slide – the world’s biggest pit slip. Due to their preparedness, there were no fatalities 
and the company recovered quickly. In the five other case studies, there was an issue with poor 
communication and a poor understanding of the risk being managed, either due to a lack of capability 
within the business or due to divergent expert opinions which were not resolved. In all cases there 
was production pressure. This pressure can lead to a ‘tendency to discount unwanted evidence’ and 
a ‘reluctance to withdraw men from danger’ (Hopkins, 2000, pp 34–35) which makes critical risk 
identification, TARPs and controls effectiveness programs so important. 

Audit and Assurance frameworks and ESG 
Atkins and Ritchie (2019) discuss the processes and systems commonly used for board assurance 
that risks are appropriately understood and mitigated, including Three Lines of Defence (3LoD) 
assurance maps, risk control matrices (RCM’s) and environmental, social and governance (ESG) 
reporting frameworks. The current situation is that company 3LoD frameworks are dominated by 
commercial risks (ie financial and legal) and ESG frameworks are dominated by global, non-sector 
specific, generic risks. The S (social) in ESG does include safety, but the technical and operational 
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risks (which require first principles engineering understanding) which lead to safety, productivity and 
environmental issues – and ultimately impact financial performance and social licence – do not have 
prominence representative of their potentially materially greater risk. 
What is needed is a mechanism that facilitates contemporaneous understanding of risks in 
operations and how effective the implemented controls are. The process needs to be expert driven 
but in language that can be understood by laypeople. It needs to facilitate a proactive, first principles 
engineering approach and curate a learning culture which promotes psychological safety, enabling 
the status quo to be challenged and for bad news to travel fast to those charged with ensuring risks 
are managed. 

Organisational structure 
Hopkins (2019) argues that there is a need for a Head of Risk ‘protected from profit and production 
motives’ and that the risk function should be ‘powerful enough to identify the bad news and ensure 
that it rises to the top’. The mechanism for ensuring bad news is well communicated at the top of 
organisations is one which needs more thought. 
Currently Internal Audit and the Audit and Risk Committee of the Board are the usual destination for 
this information, but as previously stated, these forums are dominated by commercially focused legal 
and accounting professionals who may not understand the meaning of deep domain, technically 
complex information and thus potentially dismiss it as ‘operational and not relevant to the board’. 
Some organisations create a separate Technical and Sustainability Committee (or an equivalent 
committee of domain experts from the Board and executive team) for the Board which overlaps with 
the Audit and Risk Committee where matters in their remit are believed to be a potentially material 
financial and/or legal risk. Leaving technical and operational risk, which requires deep domain 
expertise and lived experience to appreciate, to the Audit and Risk Committee could result in these 
risks not being appropriately considered in the overall balance of all the commercial risks that listed 
and private companies face. 

CONCLUSION 
The six case studies highlight systemic issues in the mining industry. Improved governance of first 
principles engineering risk and controls effectiveness is required through all levels of organisations, 
from the front line to the Board. Deep domain mining experts, traditional risk practitioners and 
assurance providers need to work together to develop new ways to provide transparency, 
accountability and assurance. The focus should be on proactivity and to having deep domain experts 
available for independent reviews which can be understood by all. The aim should be to create a 
learning culture. Mines are, in effect, an experiment with many unknowns and uncertainties. Having 
capabilities at all levels in the organisation who can understand risks in first principles engineering 
terms is the key to managing the risks and to being resilient. 
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INTRODUCTION 

Background 
Since the independent review of fatal accidents in the mining industry carried out by Dr Sean Brady 
(the ‘Brady Review’), High Reliability Organisations (HROs) and their operating principles have been 
discussed across the Queensland mining sector. 
HROs are organisations said to consistently avoid serious failures, reliably delivering their 
organisational objectives despite operating in environments characterised by high levels of inherent 
risk and/or operational complexity. HRO concepts have previously found application in other similarly 
hazardous industries to mining. However, as Hopkins (2009) pointed out, HROs ‘are very elusive 
creatures that inhabit the realm of theory more than the real world’. 
The Queensland Resources Council (QRC) with support from the Commissioner for Resources 
Safety and Health initiated a review of how HRO principles can be translated to the mining industry. 
The review was conducted by Noetic, an Australian management consulting company that 
specialises in hazardous industries, including mining and metals, and has prior experience applying 
HRO theory. 

Approach 
Eight sites were involved in the review, volunteered by QRC member companies to provide a sample 
of Queensland mines across the state. Noetic’s project team visited coal and metalliferous mines, 
including underground and open cut operations of each. 
Prior to each visit, the project team worked with sites to identify systems, processes and practices 
to look at in more detail or to demonstrate HRO principles in action. Practices were examined through 
the lens of the five characteristics of HROs commonly seen in literature: 

• Preoccupation with failure: seeking out information on where their systems may be failing 
and accidents may occur. 

• Deference to expertise: making sure expert knowledge is brought to bear, irrespective of 
where it comes from in the organisation. 

• Sensitivity to operations: actively seeking feedback from frontline personnel to gather a 
detailed picture of what is happening in their operations. 

• Reluctance to simplify interpretations: having a detailed understanding of the causes of 
failure, going beyond the surficial explanations. 

• Commitment to resilience: learning from past experience, their own and others’, and staying 
focused on preventing failure even when it may be rare. 

During each site visit, the project team held discussions with a range of leaders, including but not 
limited to Senior Site Executives, mine managers, safety and health teams and technical services 
teams. The team also visited work areas, both underground and on the surface, to talk with operators 
and supervisors about the topics of our visit. 

Assumptions and limitations 
Identifying how HRO practices could be applied in mining started with two important assumptions. 
First, that HRO principles are fundamentally about organisational culture and the practices (in terms 
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of systems and processes) organisations deploy to deal with the hazards they face. Second, 
practices in use in HROs have parallels with those deployed in other hazardous industries, which in 
turn have common features with mining. As a result, the project team sought to identify practices 
that work to prevent major accidents in mining in a similar manner to other hazardous industries 
where HROs principles are relevant. 
The project was also limited in its ability to judge the extent to which HRO principles are adopted. 
Apart from the limited sample size and time on-site, academics who study HROs point out adopting 
HRO concepts is a dynamic process and is usually not ever fully achieved, ‘rather, it is something 
the organisation seeks or continually aspires to’ (Christianson et al, 2011). 

FINDINGS 
The first of the five HRO principles, ‘preoccupation with failure’, is at the core of HRO theory. Similar 
terms are also found in HRO literature, such as ‘chronic unease’, ‘collective mindfulness’ or ‘weak 
signals’. All these terms point to the necessary core objective of HROs: to detect the early warning 
signs of failure before they lead to an accident. 
The project reviewed many aspects of how failure can be detected. Since the Brady Review, many 
sites had focused attention on effective incident reporting, including near misses such as high 
potential incidents (HPIs). Many sites visited had also sought to improve systems in place for hazard 
reporting by workers. 

Reporting failures 
Effective reporting systems for HROs are covered in detail by other authors, such as Hopkins (2021), 
and are not repeated in this paper. However, using incident reporting and hazard reporting may not 
be a complete view of potential failures: 

• Some potentially fatal hazards may not appear frequently in reporting such as HPIs, injuries or 
hazard reporting. 

• Some hazards, especially major accident hazards like explosions, are complex. Workers are 
not able to easily observe and report on the signs of failure. 

• Many sources of ‘weak signals’ of failure fall outside the domain of mine workers and come 
from reliability, technical or process issues. 

The project identified two ways these issues can be overcome: focusing on the controls for the most 
important hazards and seeking a greater understanding of the range of ‘weak signals’ that are 
available. 

Critical control management 
When implemented effectively, critical control management, as defined by the International Council 
on Mining and Metals (ICMM, 2015), was found to be aligned with HRO principles. For hazards with 
significant consequences, the approach defines clearly and succinctly the controls in place to prevent 
failure, what must be done for those controls to be effective, and reporting criteria for control 
effectiveness. 
If the effectiveness of controls actively monitored, and communicated to workers so that they can 
identify when a control is not effective, provides an important source of feedback on the potential for 
failure. Without actively seeking signs of failure or ineffectiveness in controls, key information about 
safety performance may be missed. 

Detecting weak signals 
The project identified some examples of how failure may be prevented by detecting weak signals, 
which may not necessarily be observable within personal safety incidents. One example observed 
was at a site that emphasised strong engagement by its engineering, maintenance and technical 
services teams with underground workers. This enabled them to communicate clearly how 
unexpected issues, such as unfamiliar sounds and smells, may be signs of danger. This site also 
had their technical services team deliver training to workers on gas management and drainage to 



Minesafe International Conference 2022 | Perth, Western Australia | 4–5 May 2022 18 

encourage greater and better shared understanding of the risk and to encourage more information 
sharing. 
In general, detecting weak signals means understanding the difference between ‘work as imagined’ 
(by operations managers and technical teams) and ‘work as done’ (by operations and maintenance 
teams). There is very often a gap, but these gaps need to be assessed in case they are signs of 
imminent failure. 

CONCLUSIONS 
The identification of existing systems that can support HRO principles has implications for metric 
reporting and monitoring, leadership communication and incident investigations. It also requires 
considering HRO principles in a broader context than safety. 

Metrics and reporting 
Industry discussions to date on safety performance metrics are focused on understanding how to 
shift emphasis away from lagging metrics (such as injury rates) that do not necessarily relate to the 
likelihood of fatal accidents or even major disasters. This project suggests that control health can 
provide important reporting metrics to understand performance. 

Leadership and communication 
Critical control reporting also gives leaders a means to maintain focus on important hazards even if 
they have not recently appeared in incident statistics. Applying a ‘preoccupation with failure’ also 
implies that leaders must welcome bad news and encourage the detection of failed or substandard 
controls as far as possible. At one site visited, the leadership had sought to maintain a focus on 
hazards and controls that they had either received little feedback on or had been reported as ‘green’ 
for a consistent period of time. Their experience suggested that controls that have been reported as 
‘red’ tended to receive adequate attention, while those that were consistently ‘green’ could indicate 
complacency or inadequate monitoring. 

Sharing incident learning 
Finally, having well-defined and actively monitored controls may increase the value of incident 
investigations and statistics. Investigations can clearly articulate why controls failed, and update their 
definition of a critical control to address this issue. It may also increase the applicability of incident 
learnings across sites or across the state, encouraging comparison of critical control monitoring and 
verification approaches and allowing leading practices to be shared more easily. 

Reliability and safety 
Apart from emphasizing controls, there are many other ways HRO principles are adopted in practice 
to detect failure. Detecting incipient failure requires predictable, reliable and well-defined operations, 
where weak signals may come from a range of sources across the organisation. This is based on 
the idea that HROs are not just focused on safety but look more widely at how their systems are 
designed and implemented to deliver reliable outcomes. HRO systems typically help to avoid 
unwanted outcomes in terms of events which can have negative consequences for any of the 
following: health, safety, environment, finance and reputation. In other words, they enable companies 
to deliver all their goals more reliably. 
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INTRODUCTION 
The resurgence of Silicosis and Coal Worker’s Pneumoconiosis (CWP) in coalmines has placed the 
spotlight back on the management of worker exposure to particulate matter across all mining sectors 
(Coal Workers Pneumoconiosis Select Committee, 2017). 
There already exists a substantial body of knowledge on particulate matter and its impacts upon 
human health (National Academies of Sciences, Engineering and Medicine, 2018). The contribution 
of silica to respiratory disease is well known. However, it is also clear that there are major gaps in 
our understanding. In part, those gaps relate to the contribution to adverse health effects of 
mineralogical constituents in the dust (LaBranche et al, 2021a). It is also becoming evident that the 
size and shape of the particulate matter can affect its potential impact on human health. 
The University of Queensland has developed a methodology for characterising respirable and 
inhalable dust samples using scanning electron microscopy. Multiple samples from numerous mining 
operations have already been analysed using the UQ methodology. The process has been 
successful in showing the variety of mineralogical components and particle size distributions present 
in various areas of the mines.  

MATERIALS AND METHODS 
Samples were collected from eight underground coalmines in Australia using respirable cyclone 
elutriators. Mines 1–5 were collected with SKC respirable plastic cyclones (model 225–69–37) with 
a flow rate of 2.2 L/min (prior to the adjustment to 3.0 L/min). Mines 6–8 were collected with Casella 
respirable plastic cyclones. All sample collection used Zefon 37 mm polycarbonate filters with 
0.4-micron pore size. Samples taken in Queensland used SKC AirChek 300 pumps and samples 
taken in New South Wales used Casella Apex 2 pumps. 
The filters from Mines 1–5 were analysed by Sarver, Keles and Rezaee (2019a, 2019b) at Virginia 
Tech using scanning electron microscopy with energy dispersive X-ray SEM-EDX (Johann-Essex et 
al, 2017; Johann-Essex, Keles, and Sarver, 2017; LaBranche et al, 2021b; Sarver, Keles and 
Rezaee, 2019a, 2019b). The filters for Mines 6–8 were analysed on the Mineral Liberation analyser 
at the Julius Kruttschnitt Mineral Research Centre (JKMRC), which is part of the Sustainable 
Minerals Institute at The University of Queensland. 
Samples were taken in a variety of underground locations including at the main gate and midface of 
the longwall, around the continuous miners, on the shuttle car, in belt roadways, and during 
secondary recovery activities. 

RESULTS 
Figures 1 and 2 shows the mineralogies broken out for equivalent circle diameter of the various size 
fractions. These size fractions are: 

• <1 micron 

• 1–2.5 microns 

• 2.5–4 microns 

• 4–10 microns 
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• Overall sample 
These graphs have been truncated to show the detail in the top portion of the percentages. 
Everything from zero to the top of the black line is carbon. In these samples the most carbon by 
weight percentage is in the smallest size fraction of less than 1 micron. In Figure 1 the carbon 
continues to decrease in the next two size fractions and then rises again in the 4–10 micron size 
range. There is also a rise in the percentage of muscovite in the largest size fraction. 
In Figure 2 the carbon percentage continues to decrease as the particle size increases. 
The percentage of calcite is the greatest in the middle two sizes (1–2.4 and 2.5–4 microns) in both 
of these samples. The calcium silicate, in blue, also seems to increase slightly in the larger size 
fractions. 

 

 
FIG 1 – Sample 6MG_03 Mineralogy Weight Percentage by Size Fraction (X axis is equivalent 

circle diameter in microns). 
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FIG 2 – Sample 8SC_40 Mineralogy Weight Percentage by Size Fraction (X axis is equivalent 

circle diameter in microns). 
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ABSTRACT 
Managing heat stress on Australian mine sites is a complex and enduring challenge due to the 
combined and variable contribution of environmental conditions, physical activities, and protective 
equipment. Inappropriately managed, heat stress can place significant physical strain on workers, 
leading to serious and chronic health issues. Additionally, excessive heat stress can dramatically 
reduce productivity, with 30 per cent of workers reporting a loss of productivity due to occupational 
heat strain. In Australia, due to increased absenteeism and reduced work performance, heat strain 
is estimated to have an annual economic burden of over $8 billion. 
Hydration is a key factor influencing the resilience of workers to heat strain and heat-related injury. 
Workplace-level hydration management approaches, such as hydration strategies, ready access to 
fluids, and educational initiatives stressing the importance of pre-shift hydration are vital. However, 
not all workers will be compliant with these policies, nor do all workers physically respond equally to 
heat due to significant variation in sweat rate and composition. For these reasons, routine 
individualised, and actionable hydration assessment is essential for worksite safety. 
Since 2019, the MX3 Hydration Testing System has been adopted by hundreds of mining sites 
across Australia as an alternative to conventional urinary hydration assessment approaches. Due to 
the rapid and non-invasive nature of saliva testing, MX3 is uniquely suited for routine hydration 
assessment in mining and industrial contexts. In this paper we will discuss the evidence behind 
salivary hydration assessment and detail the strategies and experiences of several Australian 
operations which use MX3 as part of their workplace health and safety toolbox for organisation-wide 
hydration monitoring. 

INTRODUCTION 

Heat strain on the Australian mine site 
Extreme environmental conditions, heavy protective equipment, and physically demanding tasks on 
the Australian mine site combine to place significant heat stress on workers. Inappropriately 
managed, this heat exposure can cause physiological strain, resulting in heat related injuries such 
as heat rash, heat cramp, heat exhaustion and heat stroke. A large meta-analysis of global studies 
of occupational heat strain found 35 per cent of workers experience heat strain when working in the 
heat, and 15 per cent of workers with regular heat exposure suffer long-term health effects such as 
kidney disease (Flouris et al, 2018). 
From an economic perspective, heat strain can have a major impact on workforce productivity. 
30 per cent of workers report a reduction in labour time, work performance or absence from work 
due to occupational heat strain (Flouris et al, 2018). In Australia, heat strain is estimated to have an 
annual economic burden of over $8 billion (  et al, 2015). 
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The need for individualised hydration assessment 
Evaporative cooling from sweating is the primary mechanism for thermal regulation when working in 
the heat, and dehydration compromises sweat rate and sweating onset (Sawka, Montain and Latzka, 
2001). Sweat rates in outdoor workers at mine sites performing intense tasks such as construction 
can routinely exceed 1 L per hour (Miller and Bates, 2007). Where fluid and electrolytes lost through 
sweat are not replaced, progressive dehydration across extended 8–12 hour shifts can lead to large 
fluid deficits, compromised thermal regulation and an increased risk of heat strain. 
Workplace level approaches for managing heat such as thermal work limits, training initiatives and 
acclimation protocols are essential for reducing the risk of injury. However, all workers do not 
respond equally to heat, and there is a large amount of inter- and intra-individual variation in sweat 
rate and sweat composition driven by intrinsic variation, environmental conditions, heaviness of 
clothing and protective equipment, work intensity, diet and degree of acclimation (Baker et al, 2016). 
As such, direct, systematic and routine assessment of hydration status is valuable for identifying 
workers who are non-compliant with or inadequately supported by standard hydration practices and 
require additional guidance or support. 

Practicable methods of hydration assessment on the mine site 
Many methods of hydration assessment, including plasma osmolarity, isotope dilution and nude body 
weight changes have been applied in research contexts for the assessment of hydration status. 
However, the majority of these approaches are too complex, expensive and/or invasive for routine 
use on the worksite. 
A common method has been the use of urine specific gravity (USG), the ratio of density of urine to 
the density of distilled water, for mine site hydration assessment due to the relative non-invasiveness 
of sample collection and the accessibility of USG measurement tools such as optical or digital 
refractometers. While first morning USG is informative of hydration status, there is increasing 
evidence that USG spot-check are not a reliable hydration indicator (Sommerfield et al 2016; Hew-
Butler et al, 2018), due the confounding acute impacts of diet, physical activity and recent fluid intake 
(Cheuvront, Kenefick and Zambraski, 2015). 
For these reasons, and the generally unpleasant nature of collecting and analysing urine samples, 
many mine sites around Australia have opted to shift to a salivary osmolarity-based measurement 
approach. This transition has been enabled by the development of a point-of-care SOSM 
assessment tool, the MX3 Hydration Testing System. 

Evidence for the use of SOSM as a hydration indicator 
Salivary Osmolarity (SOSM) is the concentration of solute particles in saliva. Studies investigating 
SOSM as a hydration biomarker have found this measure to be an effective indicator of fluid loss (as 
determined by changes in body mass) during physical activity induced dehydration (Walsh et al, 
2004; Munoz et al, 2013). 
Of specific relevance to the Australian mine site, Smith et al (2012) examined SOSM measurements 
in a context simulating a strenuous work environment. In this study, changes in SOSM during active 
dehydration were assessed during extended exercise trials while wearing either light clothing or 
heavy protective equipment. Changes in SOSM were strongly correlated with percentage body mass 
loss (r = 0.80), with a significantly higher SOSM observed when wearing heavy protective equipment. 
In the same cohort, change in body mass was not highly correlated with change in urinary 
parameters. 

GENERAL OPERATION OF THE MX3 HYDRATION TESTING SYSTEM 

System operation 
The MX3 Hydration Testing System (Figure 1) consists of a handheld measurement device (the 
‘MX3 LAB’) and single use test strips (the ‘MX3 Hydration Test Strips’). To perform a measurement 
a test strip is inserted into the LAB and then lightly tapped against the worker’s tongue to collect a 
small volume of saliva. The MX3 LAB performs an electrochemical analysis of the saliva sample and 
reports a SOSM value in milliosmoles (mOsm) after ~10 seconds. The MX3 HTS has been 
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independently validated by the US Air Force (Pranavmurthi et al, 2020), with SOSM results shown 
to have an excellent correlation with readings from a laboratory osmometer (r = 0.97). 

 
FIG 1 – The MX3 Hydration Testing System being used to collect saliva directly from the tongue of 

a worker. 

Measurement interpretation 
SOSM values are used as an indicator of a worker’s hydration status. By default, the MX3 HTS 
categorises workers into four categories: Hydrated (<66 mOsm) Mildly Dehydrated (66–100 mOsm), 
Moderately Dehydrated (101–150 mOsm) and Severely Dehydrated (151+ mOsm). These 
classifications are derived from literature reports of salivary osmolarity and the observed distribution 
of SOSM values in the general population. Like all field measures of hydration, SOSM values are 
not a definitive diagnostic assessment, are intended to assist in the identification of individuals for 
further assessment and must be considered within the context of the measurement. 

Data logging and analysis 
The MX3 LAB may optionally be connected via Bluetooth to a mobile phone or tablet to allow for 
logging of measurement data. This data is stored in a cloud database (the ‘MX3 Portal’) and may be 
used by organisational administrators to better understand and respond to hydration data from their 
worksite(s) using a panel of reporting and alert tools. 
Between January 2019 and December 2021 over 250 000 MX3 SOSM measurements were 
conducted and logged to the MX3 Portal by MX3 users. Figure 2 shows a distribution of these 
measurements. Approximately 66 per cent of measurements were below 65 mOsm, 92 per cent of 
measurements are below 100 mOsm and 99 per cent of measurements are below 150 mOsm during 
regular use. 
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FIG 2 – Distribution of >250 000 MX3 SOSM measurements conducted between Jan 2019 and 

Dec 2021. Colours represent default MX3 HTS hydration categories. 

EXAMPLE USE CASES OF THE MX3 HYDRATION TESTING SYSTEM 
MX3 users apply SOSM measurements in a range of contexts to assist in managing hydration on 
their worksite, as discussed below. 

Pre-shift hydration screening 
If a worker starts their shift at a fluid deficit, impactful progressive dehydration can occur faster, 
increasing the risk of heat injury. For this reason, many MX3 users apply SOSM measures for pre-
shift screen of hydration status. 
While some companies measure each worker before every shift, others perform random sampling 
or selective measurement of workers considered to be of elevated risk. Some customers apply the 
default hydration categories to guide action, while others have developed customised and more 
granular SOSM reference ranges defining appropriate values for their worksites. 
Depending on the SOSM value workers may be guided to begin work, instructed to hydrate 
immediately before work, or in extreme situations restricted from work and instructed to rest and 
hydrate for a defined period. 

During and after shift measurements 
Regular fluid intake is essential for maintain hydration throughout an extended shift. Some customers 
will perform additional SOSM measurements at defined points during shifts or immediately after a 
shift to get an indication of whether a worker has adequately offset sweat losses. A high SOSM value 
is used to flag a worker for additional investigation and this worker may be instructed to increase 
regular fluid intake or guided to rest and recuperate prior to further heat exposure. When using the 
MX3 mobile app to log measurement data, some users use email notifications generated by the MX3 
Portal to alert supervisors of workers with an elevated SOSM score. 

Organisation data management/reporting 
The MX3 Portal contains analytic tools which may be used to generate summary reports of hydration 
data across a whole organisation or restricted to a specific site or time period. Many customers use 
these tools to generate weekly or monthly summaries which are included as part of routine workplace 
safety reports. Reports include visualisations of the distribution of SOSM and hydration categories 
across the measurement period and comparison of groups of workers within the organisation. 
The MX3 Portal also allows organisation to extract measurement data directly through a client API. 
Some large organisations with on-staff data scientists or employee safety management software 
tools extract this data for analysis within proprietary or third-party software tools. 
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CONCLUSION 
Individualised hydration assessment is an important component of heat strain prevention on 
Australian mine sites. The MX3 Hydration Testing System has enabled mine operators to transition 
from USG to SOSM measures on their worksites for assessment of hydration before, during and 
after work. Logging of SOSM measures with the MX3 mobile app and Portal allows organisations to 
derive more nuanced insights into the hydration status of their workforce. 
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INTRODUCTION 
There has been an increase in the number of reported cases of coal workers’ pneumoconiosis 
(CWP) within Australia in recent years. The initiation and progression of CWP is driven by coalmine 
dust-induced cytotoxicity, inflammation, oxidative stress and fibrosis. Disease severity is well-known 
to be correlated with mass concentration, exposure duration and particle size. However, the 
prevalence and severity of CWP differs geographically, despite comparable exposure to respirable 
dust. This observation suggests that coal composition plays a key role in determining CWP 
pathogenesis. This notion is supported by epidemiological studies showing correlations between 
coal seam geochemistry and the prevalence of CWP and early in vitro studies showing that cell 
growth is inhibited to a greater extent by leachates of coal collected from areas with a higher 
incidence of CWP. The aim of this study was to determine if there is association between the 
detrimental lung cellular response and chemical composition of coal particles to identify key chemical 
factor(s) contributing to disease development. 

METHODS 
Nineteen Australian coal samples were sourced and crushed. Particle size was analysed using a 
scanning electron microscope. All of the samples were analysed for proximate analysis (moisture, 
ash, volatile matter and fixed carbon) as well as ultimate analysis (C, H, N, S, O) and calorific value. 
The inorganic constituents of the samples were determined by ash analysis to measure the major 
elemental oxides present. 
Human alveolar epithelial cells (A549), macrophages (THP-1) and fibroblasts were cultured and 
exposed to coal particles at 0 or 200 µg/mL for 24 hours. Relative cytotoxicity was assessed by 
lactate dehydrogenase (LDH) assay according to the manufacturer’s instructions and expressed as 
a value relative to control. The production of inflammatory cytokines (IL-8, IL-6, TNF-α and IL-18) by 
the cells was quantified in the supernatant by enzyme-linked immunosorbent assay according to the 
manufacturer’s instructions. Cell proliferation and collagen production were assessed by WST-1 
assay and Sircol soluble collagen assay respectively. All experiments were repeated six times (fresh 
cell and coal preparations on different days) to allow statistical comparisons to be made between 
samples. 
Differences in cellular responses were analysed using one-way repeated measures ANOVA with a 
Tukey honestly significant difference (HSD) post-hoc test. Data were log2-transformed to satisfy the 
assumptions of homoscedasticity and normal distribution of the error terms as appropriate. Due to 
the collinearity between the cellular responses, principal component analysis (PCA) was conducted 
to characterise the overall cellular response. Pearson correlation coefficients were calculated, and 
stepwise multiple regression analysis was used to evaluate the association between coal chemistry 
and the cellular response. Significant associations identified from stepwise multiple regression 
analysis were further assessed by linear regression with adjustment for particle size as a co-variate. 
Data are presented as mean (SD). Differences were considered statistically significant if p < 0.05. 

RESULTS 
All coal samples were homogeneous in terms of particle size with the bulk of particles within the 
respirable size fraction (p > 0.05). The four most abundant inorganic constituents were SiO2 
(29.44 per cent), Al2O3 (9.60 per cent), Fe2O3 (1.46 per cent) and K2O (0.83 per cent). 
The cell response also varied between different coal samples. We found: 

1. significant variation in cytotoxic activity (p < 0.001) and IL-8 secretion (p < 0.001) in A549 cells 
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2. significant variation in cytotoxic activity (p < 0.001) in THP-1 cells 
3. significant variation in inflammatory cytokine production in THP-1 cells including IL-8 (p < 

0.001) and IL-18 (p < 0.001), but not TNF-α (p = 0.09) 
4. significant variation in proliferation (p = 0.002) and collagen production (p = 0.004) in 

fibroblasts. 
PCA generated three factors accounting for 34 per cent, 23 per cent and 18 per cent of the variance 
respectively. Based on factor loading, PC1, PC2 and PC3 broadly represented cell cytotoxicity, 
inflammation and fibrotic processes, respectively. 
Univariate analysis showed that PC1 was inversely correlated with major components (fixed carbon 
and carbon) and elements (hydrogen, nitrogen, sulfur) of the coal and positively associated with ash 
content (r = 0.75, p < 0.01) and a range of chemical constituents including SiO2, Al2O3, MgO, Na2O, 
K2O, TiO2 and ZnO (r = 0.51–0.79, p < 0.05 for all correlations). In contrast, PC2 was only found to 
be negatively correlated with Fe2O3 (r = -0.49, p < 0.05), while no significant association was 
identified for PC3. 
In order to deal with the high level of collinearity, we applied stepwise multiple regression. Using this 
approach, K2O explained 62.8 per cent of the variance in PC1 (p < 0.0001), while two variables 
(Fe2O3 and P2O5) were retained in the model accounting for 41.5 per cent of the PC2 variance (p = 
0.014). The identified associations were largely unaltered after adjustment for particle size in the 
linear regression model, with the exception of P2O5 (p = 0.11). 

DISCUSSION 
The magnitude of the cytotoxic response and cytokine production in epithelial cells and 
macrophages, as well as the fibroblast response, varied considerably between coal samples. We 
were able to establish a link between the magnitude of these responses and the chemical 
composition of the coal particles. In particular, we identified a strong positive association between 
cytotoxicity and K2O, and a negative association between inflammation and Fe2O3. 
Early studies in this field suggest an etiologic role for aluminium-potassium silicates in the 
pathogenesis of pneumoconiosis. The toxic effects of transition metals in biological systems have 
been well characterised. These elements have the ability to displace metals from their natural binding 
sites, interact with proteins and DNA, and produce free radicals and reactive oxygen species (ROS), 
resulting in apoptosis. ROS can act as signalling molecules, which activate canonical inflammatory 
pathways and alter mitogenic and fibrogenic signals. Thus, it is possible that these compounds 
induce detrimental cellular responses through regulation of ROS production. 
Future work should focus on identifying the mineral components of coal deposits that are associated 
with these compounds and subsequent examination of links between these deposits and the 
prevalence of CWP. In addition, further work is required to identify the molecular processes driving 
the cellular response with a view to identifying potential therapeutic approaches. 
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INTRODUCTION – WHAT’S THE PROBLEM 
Despite significant investment in safety in the mining industry (mostly focused on processes and 
systems), many companies are unable to sustain and further improve their performance resulting in 
continued workplace incidents. 
The problem persists despite the best efforts of companies and allocation of resources to achieve 
Zero Harm. 
A DSS survey in 2019 found that two out of five companies that cannot manage risks and face 
disaster, leave the market within five years. 
All safety/risk management systems have the common steps of risk identification, prioritisation, 
design of controls consistent with risk tolerance, and verification of implementation/operability of 
controls. This is then complimented with improvement to one or more of the above elements through 
learnings obtained from incident investigations. In principle, the above process should work to reduce 
risks to, and keeping them at, a risk level consistent with risk tolerance in the organisation. 
However, the authors typically observe a number of deficiencies in implementation of the above 
approach: 

• Tolerable level is being continually reduced due to stakeholder expectations – shareholders, 
customers, regulators – all exerting a need for continual improvement. At some point this drives 
the need for cultural improvement, with improvements to systems and processes only getting 
you so far. 

• Dependence of controls on other factors for them to be effective is not fully recognised and 
assured, eg where administrative controls exist, are these required to be applied in a poor 
(reactive) safety culture? Or, where controls are equipment-based, is the maintenance 
strategy, and execution compliance, strong enough to rely on effective operation, every time? 

• A subtle mental substitution of compliance for effectiveness. Controls verification often focus 
on compliance with the control, rather than a critical assessment of its effectiveness. Repeat 
incidents (or lack of), is evidence of lack of effectiveness, not audit results, or assessments 
during a workshop. 

This siloed and compliance-biased assessment of control effectiveness means that controls are not 
accurately calibrated, typically resulting in an overstatement of effectiveness, and hence an 
understated view of risk. The authors observe that all businesses have data on a risk prior to a big 
event (eg dam failure, explosion). 
So, the fundamental problem is one of perception acuity. Risks are not accurately calibrated, leading 
to a lack of/ineffective action, and unmanaged risk. 

SOLUTION – INCREASE RISK ACUITY 
To assemble and maintain an accurate view of risks requires a holistic approach which integrates a 
wide set of rich data, which currently resides in silos. This includes asset integrity, risk, safety, 
cultural, environmental and supply chain factors. 

mailto:samantha.fraser@consultdss.com
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The purpose of DSS’s MIRA™ (Management Insight for Risk Analysis) is to analyse, understand 
and visualise vulnerabilities across the whole value chain – in real time. 
MIRA achieves this by integrating and interpreting (using Artificial Intelligence (AI)) a wide set of 
data, and generating a Vulnerability Index (see Figure 1). Mitigating actions are then agreed and 
integrated into the existing safety system to ensure completion. 

 
FIG 1 – Conceptual illustration of how a Vulnerability Index is derived. 

Inputs are segmented into two categories – mandatory and enhancers. The wider the set of inputs 
that can be integrated, the greater the acuity and accuracy of the index. 
The foundational mandatory input is an accurate model of the value chain. Risks, controls, and 
incidents are then integrated. Looking down the column of each of the mandatory inputs, further 
inputs enhance the acuity of the index. The Risk input is enhanced by an assessment of external 
environment and supply chain vulnerabilities. The Controls input is enhanced by assessment of 
culture, and performance data, especially deviations. And finally, the Incident input is enhanced by 
safety observation and audit data. 
MIRA can maintain a real-time view through an Application Programming Interface (API) to 
underlying data sets. MIRA allows organisations to gather data from all traditional risks analysis 
methodologies (Bow-tie, Hazard and Operability Analysis (HAZOP), Failure Mode and Effects 
Analysis (FMEA) etc), and all types of risk. In simple terms, machine learning and text mining allows 
cross-linking of data providing an enhanced view of likelihood of vulnerabilities. The machine 
learning algorithm focuses on learning from reactive data to improve the integrity of data integration. 
Vulnerability can be viewed through many potential perspectives. The organisation-wide top-level of 
the index is a traditional probability/severity matrix, both in table format, and in a geographic site plan 
format. This is shown in Figure 2 (left-hand side). The right-hand side shows one of many ‘drill-down’ 
perspectives, this one being incident management. Additional perspectives are by process step, 
people consequences, environmental consequences, risks, controls, events. 
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FIG 2 – Vulnerability Index – illustrative outputs. 

It’s important to note that the ‘ratings’ of risks will be different to the ratings that exist in underlying 
silos. This reflects the (corrective) power of integration using algorithms, tuned using DSS 
experience, to enhance risk acuity enabling identification and prioritisation of effective action to 
increase resilience of your operation. 
It’s important to note that MIRA is not a ‘black box’ – key weightings which drive the algorithm are 
agreed with the client, eg weightings for controls at different levels on hierarchy of controls. 
Finally, the author’s view is that you can’t truly predict a future incident, however, organisations can 
get a much more accurate view of vulnerabilities, to ensure that appropriate action is taken for 
resilience. 

SUMMARY 
MIRA is high-performance enterprise risk management platform, which enhances risk perception 
acuity and breadth, which enables effective action to be taken for resilience. The enhanced acuity is 
achieved by integrating a wide set of data, using AI and DSS experience. MIRA applications are 
tailored specifically for an organisation’s value chain, and key AI design parameters are set 
collaboratively with the client. 
The goal is to develop deep insights from data assets faster, with greater precision, to improve the 
bottom line and reduce risks. 
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INTRODUCTION 
Culture and leadership go hand in hand, especially when it comes to investing in safety. But the 
reality is that most safety leaders haven’t been taught the fundamental soft skills needed to lead 
effectively. In fact, only one in four safety leaders demonstrate effective skills and behaviours. 
Furthermore, when compared to its peers in other high-risk industries, our research  indicates mining 
has the most room for improvement when it comes to effective safety leadership. In this presentation 
safety culture, climate and leadership will be outlined. Additionally, research data collected from our 
clients, across a variety of industries, will be shared to inspire reflection on the value of safety 
leadership. Finally, strategies to empower leaders and increase safety leadership behaviours will be 
described. 

SAFETY CULTURE/CLIMATE 
Safety culture is an organisation’s shared attitudes, beliefs, and values about safety – these factors 
are not easily observed and represent the underlying beliefs that exist within a given organisation. 
Safety culture can be described as ‘the way things are done around here’. Safety climate is more 
easily measured, reflecting employees’ shared perceptions and beliefs of the extent to which value 
is placed on safety within an organisation. This provides insight on the organisation’s safety culture 
at that point in time. The Sentis safety culture model includes environment factors (eg equipment, 
tools, PPE), person factors (eg knowledge, skills, attitudes), practices (eg pre-starts, policies, 
training) and leadership (eg management safety commitment, safety input and safety leadership 
behaviours). 

SAFETY LEADERSHIP 
Drawing on the academic literature, a scientifically valid model was developed that includes eight 
key safety leadership competencies: vision, inspiring, role-modelling, recognising, actively caring, 
supporting, challenging, and collaborating. This model is informed by the research on the full range 
leadership model (ie transactional and transformational leadership; Avolio and Bass, 1988). Sentis 
has conducted research into what strong and effective safety leadership looks like in practice across 
several high-risk industries, including mining. Our research indicates that organisations who invest 
in their leaders building and improving upon these safety leadership skills benefit from a more mature 
safety culture, improved safety performance, and safety outcomes. 
Across a global sample of 8212 subordinates (rating their direct leader) and 535 leaders (self-
ratings), we have been able to draw useful insights about safety leadership. For instance: ‘Leaders 
need to improve the frequency and consistency of recognition and reward for strong safety 
performance’; ‘Leaders have the same development areas, irrespective of industry’ and ‘Leaders 
hold higher opinions of their own safety leadership, when compared to their teams’ perceptions of 
their ability’ (Sentis, 2017). 
Overall, the results of the study showed that mining performed poorly with regards to overall safety 
leadership (Table 1), with a key opportunity area identified in ‘Recognising’ (Figure 1). 

TABLE 1 
Overall perception of safety leadership ability – industry comparison. 

Industry Agriculture Industrial 
Services Manufacturing Mining Oil and Gas Utilities 

Safety leadership 
score 4.63 4.81 4.38 4.33 4.73 4.35 
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FIG 1 – Average upwards ratings of safety leadership by competency – industry comparison. 

Recognising is a transactional leadership competency that is targeted towards the recognition and 
reward given to employees based on their ability to achieve high safety performance. 
Leaders often fail to consciously consider the specific behaviours that they want to recognise in their 
team. Instead, they will offer a brief word of thanks when they observe a positive behaviour. 
Depending on the circumstances, this can be ineffective in driving the desired safety behaviours, 
and in some circumstances, encourage unhelpful or counterproductive behaviours that can increase 
the risks taken by the worker and those around them. 

IMPACT ON SAFETY CULTURE 
When it comes to driving a positive safety culture and safety performance excellence, it’s hard to 
deny the impact of strong, effective leadership. At the highest level, the study showed that only 
24 per cent of safety leaders demonstrate effective skills and behaviours. For organisations whose 
leaders fall into the remaining 76 per cent, poor or average safety leadership performance could be 
detrimental to safety outcomes, resulting in: 

• misalignment of the safety vision and expectations around safety-related decisions 

• reduced discretionary effort and compliance 

• reduced willingness to report incidents and hazards 

• increase incident frequency and severity. 
This poor performance has implications on safety compliance, performance, and reporting 
behaviours. In the mining industry where serious incidents, injuries, and fatalities remain as ongoing 
issues, there is a clear case for the investment and development of safety leadership skills. 
Leadership impacts every facet of an organisation’s safety culture including the attitudes and 
behaviours of team members, how team members interact with procedures and safety rules, as well 
as the physical work environment. It is up to the leaders to set the tone of culture and influence 
whether teams focus their time and energy. 

CONCLUSION 
Informed by the aforementioned study, this presentation will explore the state of safety leadership 
with a focus on the mining sector as it compares to the study cross-industry benchmark. It will also 
offer a scientifically-validated model for evaluating and investing in leadership development that 
includes eight fundamental competencies: vision, inspiring, role-modelling, recognising, actively 
caring, supporting, challenging and collaborating. 
A few key takeaways of this session include: 

• how leadership links to safety climate, behaviour and performance 
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• cross-industry benchmarks for safety leadership, including a clear comparison of how the 
mining sector performs against its peers in high-risk industry 

• a scientifically-validated model for safety leadership 

• data and insights that build the case for safety leadership investment 

• simple and effective strategies to empower leaders to make immediate improvements in their 
everyday interactions with workers on the frontline – especially with regards to effective 
recognition. 

Effective safety leadership not only has the power to increase discretionary effort, but also improve 
employee productivity, quality, and engagement. Helping leaders to understand their safety 
leadership abilities enables them to capitalise on their strengths, while developing in their areas of 
opportunity and ultimately improve safety outcomes for all workers. 
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EXTENDED ABSTRACT 
Every person in an organisation has what could be called ‘a different take’ on what it means to be a 
safety leader. The directors will tell you they are ultimately responsible for everyone’s safety and that 
they can be imprisoned as a consequence of a workplace fatality. Managers, take more of a focused 
approach and would explain that they are totally responsible for the safety of their teams. And then 
there are front-line leaders. Those that not only have the responsibility (like directors and managers) 
but they also have the accountability, and the ability, to influence how safely their teams work. But it 
is not just physical safety that leaders should be concerned with. 
And what does this ability to influence really mean, and what does it look like when it happens? The 
Harmon study (2020) unpacked leadership influence in the safety space, one of the key findings 
from that study included that the ‘psychological safety climate mediated the relationship between all 
the leadership competencies and safety climate at the individual level across work settings’. In other 
words, workers that feel safe, work safe. The psychological safety climate is not about physical 
safety, it is about emotional safety. And it is about team members feeling safe to take emotional 
risks, like speaking up, like reporting incidents, like finding safer ways to work. Leaders that make it 
ok for their teams to think and feel about safety create a climate where real safety conversations are 
the norm, not the exception. 
Harmon (2022) also found that ‘employees’ perception of their manager’s (supervisor’s) leadership 
capability and commitment to safety compliance does influence their participation in safety programs 
and safety performance to decrease safety incidents.’ This is really the influence piece. Hofmann, 
Burke and Zohar (2017) studied workplace safety from the last 100 years and identified that front-
line leaders are the most critical factor in the reduction of workplace incidents in any organisation. 
But this is only the case if the leaders make the micro-decisions that count. Which means that they 
lead by example. Leader behaviour is scrutinised (generally subconsciously) by workers, to 
understand what behaviour both is accepted and expected. Leaders that understand this point make 
the micro-decisions that count. In short, the ‘do as I say, not as I do’ approach is not practiced by 
leaders who completely understand how responsible and accountable they are for the psychological 
and physical safety of their teams. These leaders ‘develop their effectiveness in supportive 
leadership behaviours and learn to flex their leadership style given the desired impact they want to 
make on their direct reports’ safety performance.’ 
Again, leading safely is not just about leading safety. It is about what McGregor Burns described (in 
his 2004 updated book on Leadership) as transformational leadership. Transformational leadership 
is about tapping into team member’s needs and values and inspiring them with new possibilities that 
have a strong appeal, and that raise their level of confidence, conviction and commitment to achieve 
a common, moral purpose (credit: https://www.businessballs.com/leadership-
styles/transformational-and-transactional-leadership/). Transformational leadership is very different 
to transactional leadership, which involves leaders being very process driven, very direction 
orientated and very structured in their approach to leadership. Yes, an element of transactional 
leadership is required as part of every leadership role, though the leaders that understand the 
concept of leading safely have internalised that their teams don’t need direction, they need 
connection. They need to feel heard. Team members that are not heard, feel hurt. Transformational 
leaders know that businesses and teams don’t grow, people grow. And they only grow when they 
are transformed from where they are now to what is possible for them, as individuals and as a 
collective entity. 
In summary, front-line leaders hold the trump card, so to speak, when it comes to how safe their 
teams are. But the challenge is the implementation piece and helping and supporting leaders to 
understand that influencing safety outcomes is about the (key elements of this paper), which included 
psychological safety leadership, leading by example, and being a transformational leader. 
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So, are contemporary mining leaders equipped to lead the way that the 2020 mining environment 
needs them to, in order to reduce workplace incidents and fatalities? If they aren’t … yet … they 
have the potential to be. Leaders are bred, more than born, and investment in leader training is 
required. In most cases. Developing into a safe leader is about understanding that people bring their 
whole selves to work, and it is their hearts and heads that are as important as what they do with their 
hands. Mullen and Kelloway (2009) found that ‘leadership training resulted in significant effects on 
the safety-specific transformational leadership and safety climate outcomes.’ Leadership training 
works, and it helps leaders to understand both their responsibility and the accountability for the safety 
process. 
What a transformational leader really does is create safety ambassadors. The real measure of a 
safety culture is what happens when no-one is watching. The author can recall a time when a team 
called it solar safety – safety only happens when the sun is up … Solar safety, or any other version 
of this idiom, or the behaviour that it creates, is not possible when a safety culture has been 
transformed by a transformational safety leader. Safety ambassadors are born, and they take a stand 
for the safety process. They take a stand for themselves, and they take a stand for others. They care 
about their own safety, and they care about others. And they are willing to put themselves out there, 
and be part of the safety solution, not the safety problems. Just imagine for a moment what your 
team would be like if you had a team of safety ambassadors … 
All because you, as their leader, took a stand for safely leading them, not just leading their safety. 
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EXTENDED ABSTRACT 
If you were reading this article in a newspaper or similar in the 1800s, you would know that the world 
was firmly in the grip of the Industrial Revolution. You might have been one of the families that 
decided that an agriculturally based existence was no longer for you, and that the promise of a 
factory job was more appealing and more secure. And it was. Financially at least. Not so much from 
a workplace safety perspective. 
During those years, not only would you have gone to your factory job, but so would your children 
(the concept of adulthood was still being developed, even though that concept can be traced back 
to its Latin origins in 1525; https://www.dictionary.com/browse/adult). And there was a very real 
possibility that you, or they, would have been maimed, burnt, decapitated, or killed. StaySafe  explain 
that ‘An outcry over child labour conditions led to factory owner, Sir Robert Peel (UK), introducing 
the Health and Morals of Apprentices Act 1802’ (https://staysafeapp.com/en-aus/blog/2020/
08/21/history-of-workplace-health-and-safety/), which was followed by legislation like The Factory 
Act in 1833’ (https://www.nationalarchives.gov.uk/education/resources/1833-factory-act/). Other 
countries were still coming to grips with workplace health and safety fatalities, and by the 1900s, 
workplace health and safety started to become a focus for governments and societies. But workplace 
fatalities were at an all-time high, during the 1900s. 
This paper will examine what we have learnt about workplace health and safety over the last 
100 years, and just how much safer our workplaces, have become over that time. And why. 
The Hoffman, Burke and Zohar (2017) study of the last 100 years of workplace safety estimate that 
in the United States, between 18 000 and 23 000 workers lost their life each year. By 2021, that 
number was closer to 13 workers per day, a total of less than 5000 annually (as reported by 
https://www.cnbc.com/2021/12/29/bls-estimates-that-13-us-workers-die-on-the-job-per-day-on-
average.html). In Australia, The Australian Institute for Health and Welfare’s (AIHW) 2005 paper 
titled ‘Mortality over the twentieth century in Australia’ concluded that: ‘For males, the death rate from 
injury and poisoning fell from 147 per 100 000 population in 1907 to 61 in 2000. Similarly, for females 
the rate decreased from 55 per 100 000 population in 1907 to 25 in 2000’. Note that injury and 
poisoning is the closest category of those measured, that would include workplace fatalities, which 
were not measured specifically. Following the turn of the century, and since 2003, Safework Australia 
reports that there has been a decline in workplace fatalities (apart from a spike in 2007). ‘In 2007 the 
fatality was 3.0 fatalities per 100 000. This has decreased to 1.4 fatalities per 100 000 workers in 
2019’. In real numbers, there were 183 fatal workplace injuries in Australia in 2019 
(https://www.safeworkaustralia.gov.au/sites/default/files/2020–11/Work-related%20traumatic%20
injury%20fatalities%20Australia%202019.pdf). This increased to 194 in 2020 (https://www.
safeworkaustralia.gov.au/media-centre/news/work-related-fatalities-2020-report-released), before 
decreasing significantly to 132 (preliminary) during 2021 (to 9 December, 2021) (https://www.
safeworkaustralia.gov.au/data-and-research/work-related-fatalities/preliminary-work-related-
fatalities). Note that this is still 132 too many. 

So, what has changed over the last 100 years, to achieve such a drastic reduction in workplace 
fatalities. Furthermore, why are our mines and other businesses generally safer now, than they were 
100 years ago? 
Hoffman, Burke and Zohar (2017) noted that technology, work design, the use of personal protective 
equipment and improvements in safety culture have led to the significant advances in workplace 
safety, incident and injury reduction. They went further and narrowed down the key learnings to five 
very specific areas, with those being shown in Table 1. 
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TABLE 1 
The key learnings from 100 years of safety. 

Number Learning Summary 
1 Strong trend of improvement over time  Workplaces are being safer year on year  

2 Individual differences do predict safety at 
work  

Personal perceptions of the safety 
process are predictors of behaviour  

3 Importance of frontline supervisors  Leaders are the most important safety 
resource in any organisation  

4 Safety training works  Including safety leadership training  

5 Safety climate and safety culture are 
critically important  

Organisational and social contexts are 
key indicators of safety performance  

 

In relation to the data in Table 1, learning one (1), the strong improvement trend in workplace safety 
over time is evident from all research and data sources. 
Learning two (2) demonstrates how important it is to understand that every single human in an 
organisation is unique. Each person brings a personality and safety related attitude to work that 
needs to be understood and embraced by their leaders and their organisation. Personality profiling 
can be used to unpack the personality traits (like agreeableness and conscientiousness) that are 
associated with safer workers. Individual perceptions of the safety process and climate within the 
organisation also affect safety related behaviour. 
Learning three (3) clearly articulates the importance of front-line leaders, and their role in the safety 
process. The role of the supervisor has been identified as a major contributing factor in relation to 
safety outcomes in the workplace. As well as individual workers, the immediate supervisor has the 
biggest influence on how safely work is completed. And it is not only the major safety related 
decisions that are important, ‘micro-decisions’ (leader behaviour) were highlighted as being the 
behavioural expression of how much leaders have personally bought into the safety culture. Micro-
decisions are the ‘lead by example’ element of safety leadership. 
Learning four (4) explains that safety training is as important as it is effective. The caveat was that 
the safety training be highly engaging and should include a high level of worker engagement. As well 
as specific safety training, this study found that safety leadership training, for front-line leaders was 
also critical, as that helped leaders to understand the importance of their role, and how they are 
critical to the development of a strong organisational safety culture. 
Learning five (5) takes the discussion of safety culture further, and it unpacks safety climate, and the 
role that safety climate plays in safety related outcomes. Safety climate was defined by Zohar and 
Luria (2005) as ‘socially construed indications of desired role behaviour, originating simultaneously 
from policy and procedural actions of top management and from supervisory actions exhibited by 
shop-floor or front-line supervisors.’ 
Moving forward and leaning into the research papers and history cited in this abstract, the role of the 
front-line supervisor is perhaps the most important and critical element of how safe workplaces are 
in 2022. Leaders the key factor in keeping workers safe. They make macro- and micro-decisions 
that determine the safety culture and the safety climate in organisations. And they will determine if 
and how workplace safety will continue to improve through this century. 
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INTRODUCTION 
Frontline leaders play a critical role in the safe and productive operations of Australia’s mining, 
resources and heavy industries. These leaders set the workplace culture, especially during night 
shifts and weekends, by providing team direction and encouragement, providing access to 
resources, fulfilling statutory requirements, enacting and reinforcing risk management systems, 
setting the standards on shift and acting as the primary conduit of communications between senior 
leaders and team members. 
This paper examines the current and future roles of frontline leaders through the lens of technical 
capabilities and leadership styles required. The paper then explores how requisite changes may 
occur, the support needed from employers and industry and particular challenges to be navigated. 
The role of the frontline leader is changing, and the pace of change is accelerating. The skills that 
have been successful in the past are proving useful but not sufficient for the present and will be 
further challenged in the future. The traditional role of the frontline leader with emphasis on 
operational delivery remains very much in existence and it is clearly important, however the 
‘command and control’ leadership style is proving limiting and may in fact be a barrier to important 
improvements required in safety outcomes and productivity. 
As the mining industry evolves in the face of strong trends to be more inclusive, more transparent 
and responsive, integrating new technologies, remote operations and other workplace trends, it is 
instructive to review what capabilities are required in our frontline leaders to deliver these 
improvements. 
To answer this, it is useful to see these transitioning leadership roles through two dimensions. Firstly, 
the technical capabilities required of frontline leaders (the ‘what’) and secondly, the social capabilities 
and leadership style (the ‘how’). 

TECHNICAL CAPABILITIES 
Figure 1 illustrates a model the author has used to understand the technical capabilities required. 

• Safety Leadership and Wellbeing: At the core of any frontline leader role is the safety and 
care for their crew and others in their workplace. 

• Shift management: Confident, disciplined application of systems and tools to drive safe 
production and engagement. 

• Leading teams: Understanding the role of the leader in a functioning team, how their style 
interacts with team members, how to engage and motivate others. 

• Managing stakeholders: How to engage with third parties, clients and contractors to ensure 
safe and positive outcomes. 

• Driving improvement: Working with team members in a disciplined manner to improve 
operations and safe outcomes by bringing useful improvement tools and harnessing the 
combined input of the team. 

• Change management: Confident leading teams through change with good processes and 
sensitive engagement. 
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FIG 1 – Technical capabilities required in frontline leaders. 

LEADERSHIP STYLES 
Of course, being capable will not suffice and the second dimension examines leadership styles. 
Leaders that embrace a self-awareness of personal style, understand the importance of being 
authentic and engaging, with an ability to adapt style to meet the situation will better meet emerging 
workplace requirements. Style flexibility is paramount; leaders need to be confident in operating 
across the spectrum from directive styles to a more coaching style of leadership. The transition from 
directive leadership styles to coaching styles will be fundamental to tapping into the considerable 
improvement capabilities in our teams, thereby improving engagement, improving retention and 
delivering positive safety and production outcomes. 
In addition, this style flexibility will assist our leaders in dealing with the so-called Authenticity 
Paradox, as they find themselves at the fulcrum of managements’ instructions and crews’ 
engagement. At times being instructed to implement the policies and standards of their employer, 
with knowledge that this may challenge crew engagement, productivity and safety outcomes. 

SUPPORTING FRONTLINE LEADERS 
It is instructive to ask leaders how they understand their role responsibilities today, and for the future, 
and how employers have assisted them develop the capabilities and skills required? In the author’s 
experience role clarity and support for development varies widely. Employees are often well trained 
for their initial roles in industry, then step up into leadership roles with little formal leadership 
development and mixed levels of support. 
Frontline leaders in mining and resources typically come from a relatively narrow range of 
backgrounds; capable and respected operators and tradespersons who are willingly promoted to a 
leadership role; professionals who seek leadership experience enroute for more senior roles, and 
leaders who are invited to step up to fill a vacancy temporarily that becomes a formal/informal 
permanent leadership role. The industry is changing and encountering a broadening of the pools of 
talent with more diverse candidates achieving leadership roles and this must continue. However, the 
pools of talent for new frontline leaders are relatively shallow and the change in leadership style 
described above must come from within. 
So how do we support our frontline leaders for this transition and how are employers developing 
their frontline leaders for the emerging role requirements? 
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It is instructive to consider this through a change management lens, in this case the ADKAR tool, for 
the frontline leader. 

• Awareness: How aware are leaders of their leadership style and its impact upon others? Are 
they conscious of additional styles that might improve outcomes? 

• Desire: What is the compelling reason to change? Is the risk of amending personal leadership 
styles manageable, sustainable, personally desirable and supported by my leader? 

• Knowledge: Where can the leader efficiently and effectively develop an understanding of 
existing skills, emerging capability requirements and close gaps. What is the access to on-the-
job learning, on-site or off-site education and e-learning and what is its suitability? Is it tailored 
for the individual’s needs or more generic in approach? 

• Action: Post a program of skills learning, is there a personal program for change, that will 
allow practicing and embedding new skills and actioning in the workplace? 

• Reinforcement: How do the new skills become habits, how are they rewarded, is the 
environment supportive, are systems aligned? 

Where are the weaknesses in this program of change? Arguably two areas stand out, creating a 
compelling reason to change and embedding the change into working habits within a supportive 
work environment. These two aspects need particular attention. 
A supportive environment needs several important elements; commitment and communication from 
more senior levels in the organisation outlining the ‘why’; a timely one-on-one discussion with their 
immediate leader on expectations for the program and afterwards; relevant and tailored program 
delivery; follow on with leadership on a small number of actions and resources needed; and a 
focused period to embed the agreed actions. 
Embedding personal actions remains challenging. Coaching will play an important role, both to role 
model the desired behaviours and to gain commitment for change. Ideally the coach will be an 
immediate leader or peer providing support, time and attention. Practically this is challenged by the 
nature of work design, and the existing skills of senior leaders. Focused attention from a dedicated 
external coach can be a useful approach to embed learnings and new skills. Developing habits takes 
time, and periodic coaching interventions over three months is likely necessary to form new habits. 
In closing, the role of the frontline leader is changing, and this should be embraced as it offers a 
pathway to lift safety and operational performance. Complementing existing leaders’ skills and 
capabilities is important and will require careful planning, execution, close follow-up and 
reinforcement. 
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LEADING PEOPLE TO USE THEIR BRAIN AS PPE 
Leaders have invested heavily in traditional safety management to improve safety performance over 
the years. This primarily involved: 

• fixing the environment (eliminating the hazard) 

• improving the system (more/less rules, procedures etc) 

• making safety more conscious (more/better interactions about the importance of safety). 
These approaches have helped improve safety performance significantly during the last 50 years 
and will continue to play a role in the future. 
Although these approaches may be part of an overall solution, they are not enough to prevent many 
incidents. 
Today, these three approaches are used more than before, and are used better than ever before. 
Yet, workplace fatalities in Australia have stagnated from 2013 to 2019, as have the number of 
incidents, even serious ones. In the USA, workplace fatalities have increased by 15 per cent in the 
same period. 

So, what is missing? 
Leaders understand and appreciate that: 

• By eliminating the hazard there will be no incident with that hazard. However, an increasing 
number of incidents these days are due to an interaction between a person and something 
that was meant to be there, such as a pole, a gutter or a piece of equipment. Unfortunately, 
these ‘hazards’ are usually impossible to eliminate. 

• By providing training people will ‘know what to do’. However, that is no guarantee that the 
knowledge will be applied when it counts to avoid an incident. In over 50 incidents investigated 
in the mining industry over the last 15 years, less than 5 per cent identified a ‘lack of training’ 
as a cause. 

• By having conversations about the importance of safety, people will try to be more cognisant 
of safety in what they do. However, this is almost impossible for people to do when they have 
completed the task safely many times before and are so familiar with it. 

The problem with these three approaches is that they do very little to alleviate the internal cognitive 
and neurological factors that have the potential to get in the way of performing a task safely. 
In safety, it has always been assumed that the problem that results in incidents is ‘bad’ thinking, eg 
someone didn’t do the risk assessment, didn’t do something properly or didn’t apply their knowledge 
when they needed to. 
Neuroscience shows that bad thinking is not as big of a problem as we first thought. It still happens, 
but it is relatively minor when compared with the prevalence of a ‘lack of’ thinking about what could 
cause harm. A lack of thinking manifests itself as inattention, typically caused by rushing, frustration, 
fatigue and doing familiar things on autopilot. 
People are accustomed to blaming external factors that are outside the control of the workplace for 
inattention. Some of these factors could be dealt with as part of a traditional safety management 
approach, however, there is also an opportunity to lead safety better by teaching the individual what 
causes inattention and, more importantly, what can be done to minimise it. 
Modern-day behavioural programs need adaptive leaders to collaborate authentically with the 
workforce from a ‘whole-of-brain’ perspective. It’s no longer enough to engage on fixing the 
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environment, improving the system and making safety more conscious. Leaders also need to engage 
on the causes of inattention and what can be done about it. 

The evidence for a different approach 
There is no silver bullet for safety, and anything to mitigate risk is worthwhile. The author does not 
argue against leaders continuing to fix the environment, improve the system or help people make 
safer conscious decisions. The author does argue though, that leaders also need to address the 
subconscious processes that drive much of what people do, something that traditional safety 
management approaches have largely ignored for the last 50 years. 
Leaders of modern-day behavioural programs need to be able to execute three critical activities well 
if the workforce is going to be able to use their brain as personal protective equipment. These are: 

1. ‘Know the way’ 
This is about understanding and appreciating that up to 95 per cent of behaviour originates in the 
subconscious. Both the conscious and subconscious influence behaviour. To influence behaviour 
effectively, leaders need to understand under which specific conditions the conscious mind prevails, 
and under which specific conditions the subconscious mind prevails. 
Being human is a universal constant. Position in the organisation, language, culture etc, are all 
overlays. It’s not that the overlays don’t play a role, but without understanding all the fundamental 
drivers of behaviour the picture is incomplete, or the picture is wrong, and limited resources are 
wasted. 

2. ‘Show the way’ 
This is about having conversations about the importance of safety using specific-designed 
methodologies for engaging the conscious mind as well as the subconscious mind, and the need to 
be able to adapt from one to the other. 
Most safety conversations that have been had over the last 50 years have been designed to appeal 
to the conscious mind. The way to appeal to the subconscious mind is very different and counter-
intuitive at times, so a new ‘script’ is required for leaders and training on how it can put it to the best 
use. 
Once trained, leaders recognise that what looked like a conscious decision once may very well be 
largely subconsciously driven. 

3. ‘Go the way’ 
Everyone (leaders included) needs to be active participants in any change initiative. 
In addition, leaders need to model the right behaviour. People do not get their cues from what the 
leader says, but from what they see the leader do. 
A case study of similar-sized coalmines from the one organisation will show the difference in safety 
performance improvement between four mines. 
The three mines that applied the three critical activities reduced their Total Recordable Injury 
Frequency Rate (TRIFR) by significantly more than the mine that didn’t. 
Given the results achieved to date, the author suggests that there is a case for putting a stronger 
emphasis on leading with a ‘whole-of-brain’ approach to reduce incidents further. 
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ABSTRACT 
In a survey conducted by symplexi with underground miners in Australia; 78 per cent of participants 
believed that ‘safety’ is all about people. 
If ‘safety’ is about people, then is the mining industry focusing on the wrong thing? 
It would be fair to say that the mining industry is heavily systems focused. Companies develop a 
safety management system and use this to show regulators that they comply with legislation – 
however, that is only half of the picture. 
This abstract would like to demonstrate that we believe there is another approach available to 
improve ‘safety’ which has been successfully implemented in other industries and organisations. 
Why would it be any different in mining? 
This approach requires some realigning of how industry currently looks at ‘safety’. It will take into 
consideration legislation, systems, culture and people and show that how when a different 
perspective is taken, greater results can be achieved. 
Pareto’s principle states that 80 per cent of results come from 20 per cent of output. I would suggest 
that the current systems focus sits on the opposing side to this equation. 
Owen Eastwood and Michael Gervais, two of the world’s leading high performance coaches 
discussed systems versus culture in episode 256 of Michael’s ‘Finding Mastery’ podcast. As part of 
this discussion, they talk about a method study conducted by the English Institute of Sport where 
they found that 70 per cent of behaviours are determined by the environment they are in. 
If this is correct culture should be the focus over systems. 
When considering the system, we need to confirm that it is fulfilling its purpose, and again, I would 
suggest that in its current form it isn’t as effective as it could be. 
If questioned as to the purpose of the safety management system I would think the majority of 
answers would have two components. One, to comply with legislation, and two, to keep people safe. 
Does the system actually do this? 
In the survey conducted, participants were asked their opinion of their company’s safety 
management system. Approximately 63 per cent of respondents said they use it to check up on 
things when required, 16 per cent said they rely on it completely, but disturbingly 21 per cent said 
they were unsure if their company even had one. If they don’t knowingly use it, then is it keeping 
them safe? 
Secondly, is compliance a high enough standard? 
The definition of compliance is as follows: 

1. The act of conforming, acquiescing, or yielding. 
2. A tendency to yield readily to others, especially in a weak and subservient way. 
3. Conformity; accordance. 
4. Cooperation or obedience. 

I don’t find the definition very inspiring. It does, however, have a very important link to responsibility. 
If employees are complying with a direction from a person or procedure, not only do they not have 
to take responsibility for their actions, they also don’t have to think. 
What we should be seeking is commitment, as commitment is a higher standard than compliance. 
Without commitment, there is no responsibility. 
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Leadership expert Marquet (2020, p 137) says it best,  
Commitment comes from within, whereas compliance is forced by an external source. 
Commitment is more powerful because it is an intrinsic motivator. Commitment invites 
full participation, engagement, and discretionary effort. Compliance invites doing just 
enough to get by, get through, or get it done.  

On the topic of responsibility, this is another area that we need to ensure is in alignment with what 
we do. I propose that the majority of people in the industry would say that everyone is responsible 
for safety. There needs to be a disclaimer to this statement. 
Responsibility sits at different levels. 
In a broad example: the employer is responsible for the environment and the employee is responsible 
for the task. However, we don’t always seem to get this right and as a result the actions we take not 
only don’t fix the issue, they can actually make it worse. 
The question is how can we fix this? By looking at teams that have already got the runs on the board. 
In researching what these teams do, a number of things stand out. 

• They do things that appear almost the exact opposite to how the author has observed things 
in mining over the last 15 years. 

• Although each team may have a different name for it, they appear to be the same thing. 
High levels of trust and high levels of responsibility. 
This then takes us back to culture. Trust gives a culture as the basis for people to perform at their 
best. In ‘safety’ speak this is known as psychological safety. Observations over the years would 
suggest that this is a missing component and I’m sure most people would agree. Some of this may 
be perception, however, how many people have been asked by an incoming crew, ‘How many 
people got window seats this week.’ We may not believe it, but the evidence is in our language. 
The most difficult thing in relation to all this is that it’s hard to measure – after all how do you measure 
trust? How long will it take for improvements to be seen? It won’t be immediate, but it won’t take as 
long as you think. Marquet was successful in implementing this as a Captain of a nuclear submarine. 
The US Navy conduct audits just like ‘safety’ people. He was put in charge of the worst performing 
submarine in the US fleet – within 12 months they were the best, and within two years they received 
the highest result in US naval history. If we were to consider doing something like this by 2024, we 
should expect to be seeing some of the following: 

• less injury and incidents 

• lower occurrences of absenteeism and presenteeism 

• lower workers compensation claims 

• higher production 

• increased well-being among employees 

• lower turnover 

• increased innovation. 
In regards to longer term changes you may have noticed ‘safety’ written like this throughout the 
abstract. This is because I’m currently at odds with what ‘safety’ is. The more research I conduct and 
the more I relate it back to experiences, I’m finding it harder to define what we currently consider to 
be ‘safety’. Going forward I think the role of ‘safety’ and ‘safety people’ may become extinct. 
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AI in enhancing mine safety under limited data 
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INTRODUCTION 
It is expected that the future of mines will heavily adopt autonomy. However, problems with 
leveraging workforce transition, meeting Sustainable Development Goals, SDG’s (poverty, reduced 
inequalities), managing uncertainties (geologic, operational, economic), cybersecurity (connectivity, 
cyber-physical infrastructure) and innovation (transformative processes, real-time decision-making 
etc) are required to be solved for the intended autonomy. These problems also impact the safety of 
the future mine environment. The AI technologies provide a broad range of opportunities for 
enhancing mine safety. However, development of an accurate AI model for mine safety requires a 
large number of data, which may not be readily available to overcome the associated uncertainties 
in the mine environment. 
This paper presents use of AI technologies in mine safety, providing case study examples under 
limited data. The first case study presents an AI-based hazard detection system for predicting roof 
fall hazards. The system incorporates transfer learning, synthetic data generation, and a data 
sampling technique to train a deep learning model using convolutional neural network (CNN). It 
uses a small number of images depicting hazardous and non-hazardous roof conditions in a 
transfer learning approach, where a pre-trained network extracts low-level features to train the final 
fully connected layer of a CNN. The system’s performance was further improved by expanding the 
training set with synthetic images rendered from a 3D model of the mine roof. The second case 
study is an AI system developed for near-real-time methane detection for underground coalmines. 
A spatiotemporal prediction model was trained using numerical simulation results, Computational 
Fluid Dynamics (CFD) simulations, for an underground coalmine to detect methane concentrations 
in real-time prediction mode. 

AI-BASED HAZARD DETECTION SYSTEM 
Geotechnical hazard management requires on-site data collection. The restrictions on on-site data 
collection such as accessibility, time and financial constraints cause small and unbalanced data 
sets that limit the performance of deep learning systems and thereby prevent the increased use of 
autonomous technologies. We developed a methodology that includes transfer learning, synthetic 
data generation, and an image-feature based data sampling technique to train a CNN using a 
small data set collected on-site (Isleyen, Duzgun and Carter, 2021). The methodology is 
implemented in a case study to develop an autonomous roof fall hazard detection system. The 
case study is a large-opening limestone mine in the Midwestern United States that has frequent 
roof fall problems caused by high horizontal stresses. The typical hazard management approach 
for this type of roof fall hazard relies heavily on visual inspections and expert knowledge. 
Therefore, images depicting hazardous and non-hazardous roof conditions are collected based on 
expert labelling. Using the transfer learning approach, a pre-trained network provided the suitable 
low-level features to train the final fully-connected layer of a CNN. The network classification 
accuracy was improved by expanding the training set with synthetic images rendered from a 3D 
model generated with digital photogrammetry. Also, a data sampling technique that uses Gabor 
magnitude responses was introduced. The objective of this technique is to improve the quality of 
the training set by removing non-informative samples, and it is shown that implementing this 
technique improves network performance. Besides, accuracy alone is not enough to ensure a 
reliable hazard management system. System constraints and reliability are improved when the 
features being used by the network are understood. Therefore, a deep learning interpretation 
technique called integrated gradients is used to identify the important features in each image for 
prediction. The analysis of integrated gradients shows that the system has the same visual 
features as the expert on roof fall hazard detection. The final network performance is verified with a 
test data set that had not been used during training. The proposed methodology to develop 
artificial intelligence-based, autonomous, and interpretable geotechnical hazard detection systems 
is unique and overcomes limited training data problems. The findings of this study demonstrate the 
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potential of deep learning even with small and unbalanced data sets. The results provide a 
foundation for the increased use of autonomous technologies in situations in which the absence of 
large and diverse data previously prevented the development of deep learning systems. 

AI SYSTEM FOR NEAR-REAL-TIME METHANE DETECTION 
Atmospheric Monitoring Systems (AMS) are critical in underground coalmine ventilation where 
methane explosion hazards can develop. The number and location of sensors are important for 
ventilation monitoring. AMS sensors should be installed near the most critical locations like the 
shearer cutting drum and along the longwall face. Sensors can provide information for a limited 
area, and their readings may have delays caused by sensor response time, gas diffusion rate and 
temperature. CFD modelling can provide relatively accurate predictions regarding the location of 
possible explosive gas concentrations when validated using measurements obtained within the 
mine. However, CFD modelling requires significant computational resources and time, which is not 
conducive to real-time decision-making and shutting off power in the presence of explosive 
accumulations of methane. We evaluated the performance of existing AI systems in predicting 
near-real-time explosion hazards (Demirkan et al, 2021). We compared prediction performance of 
ten-time series algorithms by using seven different data sets. We found that accurate, real-
time/near-real-time methane predictions are possible with the HIVE-COTE, ROCKET and RISE 
algorithms. Initial results demonstrate that near real-time decision-making for explosive hazard 
warning systems is accurate and robust and AI modelling of explosion hazards enhance mine 
safety. 

CONCLUSIONS 
The simulated environments (eg simulated roof fall hazards using synthetic images, CFD models) 
eliminate data scarcity problem and hence allow development of accurate AI-based mine safety 
systems. Improvement in the performance of AI systems requires data sharing and open data 
sources to develop, benchmark and test better algorithms. Considering the reluctance of the 
mining industry for data sharing, the simulated data sets provide researchers to be able to develop 
sophisticated algorithms tailored to mine safety. 
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Safety is all around – state-of-the-art underground mining safety with 
Mobilaris Mining Intelligence 
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INTRODUCTION 
Safety First and zero accidents are the targets most mines in Australia are aiming for, but manual 
processes and procedures limit the capabilities and response time in emergency situations. Even 
with a high safety focus, accidents and incidents still happen, too often with tragic outcomes. 
Dangerous areas, narrow roads and winding curves are all daily obstacles that threaten workforce 
safety. Every unforeseen event, such as traffic collisions and other accidents, puts lives in danger 
and weakens production. Safety must be guaranteed. 
State-of-the-art emergency support solutions utilise the power of information and set the bar for safe 
mining operations. Information is key when it comes to safety. You can’t manage and improve what 
you can’t see or what you don’t know, which is why we need reliable solutions to support, automate 
and speed up the decision-making processes. The Mobilaris Mining Intelligence product suite 
includes a variety of safety solutions to help individuals and the entire organisation to make life 
saving decisions and to better understand why accidents and incidents occurred in the first place. 
Mobilaris Situational Awareness (Figure 1) is like an underground business radar and literally opens 
the lid for underground mines to get the visibility and transparency about everything moving 
underground. This is being achieved by providing real-time information about assets, personnel and 
vehicles with superior 3D visualisation of the mine and all things underground. By knowing the 
position of people, assets and machines, mine controllers, shift bosses, supervisors and mine 
managers get the toolset to make mission critical decisions. Geofences allow you to mark areas as 
safe or unsafe and a history viewer allows you to replay and analyse occurrences which may have 
led to unsafe situations. Traffic can be managed in and around risk areas, alerts can be raised when 
certain thresholds are reached and ventilation can be triggered upon machines or personnel entering 
certain areas, all with the aim to have a safer and more controlled mine operation. 

 
FIG 1 – Mobilaris Situational Awareness dashboard. 
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In situations where every second counts Mobilaris Emergency Support (Figure 2) is a toolbox for 
safe, swift and synchronised mine evacuations and let’s rescue personnel know the position of all 
people in the mine. It accounts for all people during an evacuation by utilising the Mobilaris digital 
tag board and 3D interactive visualisation of the mine. In an emergency event, control room 
operators can trigger the blinking of a cap lamp or text messages to be sent out to phones to inform 
the personnel of the emergency situations. Two way signalling allows miners to acknowledge that 
the emergency message has been received which provides vital information to the emergency crew 
and mine control. Every refuge chamber is considered a safe zone and other safe zones can be 
freely defined in Mobilaris Situational Awareness which means that the emergency crew gets a real 
time view of who is safe and who is not safe. There is no need any more to call up to mine control 
when someone arrives in a refuge chamber – the system takes care of it. The system also provides 
checklists which guide the crew through the various steps of a controlled mine evacuation. Overall 
emergency response time can be shortened by up to 50 per cent. Because the solution is automating 
a big portion of the emergency response process, the emergency crew gets the chance to focus on 
the people who are in danger and who need help first. 

 
FIG 2 – Mobilaris Emergency Support dashboard. 

But safety is not just something which should be controlled and managed out of a control room and 
enforced by management and supervisors. It is in every miners’ best interest to do everything they 
can to work in the safest mine operation possible, and Mobilaris provides some tools to every 
individual underground to make the daily work a safer one. 
Imagine Mobilaris Onboard (Figure 3) as your Google Maps™ navigation system underground, with 
a precision of 5–10 m, without GPS or any other dedicated infrastructure. Search for your destination 
or a point of interest or a refuge chamber and get turn by turn navigation; but most importantly 
Mobilaris Onboard provides traffic awareness. Any other vehicle running Mobilaris Onboard, or 
equipped with a tag, can be seen by other drivers allowing them to get out of the way well before 
vehicles have to come to a stop (and backup to give way), which also massively reduces the risk of 
collisions and accidents. New starters or contractors will feel familiar with the mine from day one as 
Mobilaris Onboard provides the peace of mind that everyone will find their way by the press of a 
button. Mobilaris Onboard also shows the position of incoming traffic with 5–10 m accuracy and also 
provides additional information like the type of the incoming vehicle and its speed. In the case of an 
emergency situation, the driver of a light or heavy vehicle can quickly choose the shortest route to 
the three closest refuge chambers and get turn by turn navigation to arrive at the destination safely. 
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FIG 3 – Mobilaris Onboard application. 

With Mobilaris PocketMine, every miner will have access to mission critical and safety related 
information through their smart phone. Every asset, personnel and vehicle location is shown on 
Mobilaris PocketMine, and extended information can also be shown. In the event of an emergency 
situation, it can be very stressful to know which way you should take to get to the nearest refuge 
chamber. In the case of a fire, smoke spreads fast and it can become hard to know your way even 
for experienced miners. For new employees or visitors, the situation is much worse and the risk for 
taking the wrong way is high. With Mobilaris PocketMine on your smartphone you can press the 
refuge chamber button to get a list of the three closest refuge chambers. In the list you will also get 
information if they are ahead of, or behind you. And once you have found a refuge chamber, imagine 
the difference between sitting in it without much information about what is happening and having 
Mobilaris PocketMine at your hands showing the progress of the mine evacuation. 
Digitalisation is key for a safer mine. For years, the digital solutions have been used in mines all 
around the world to protect people and bring safety into the many daily operations. In Australia, there 
are great examples of leading mining companies who have used technology from Mobilaris to take 
their safety to the next level. 
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SRS-1200, shaft rescue system with intrinsically safe communications 
and gas monitoring 
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INTRODUCTION OF THE SRS-1200 
The SRS-1200 concept came about following the recommendations from the Board of Inquiry into 
the 1994 Moura No 2 mine disaster with the aim of having a system to remove personnel from an 
unsafe environment underground via a shaft where no other means of escape is possible. It is a 
mobile rescue unit that utilises a winding system to operate a man cage. It can descend the cage up 
to 1200 m into a vertical shaft. This operation is managed from the winder control compartment 
located on the non-driver side at the rear of the vehicle. 
Queensland Mines Rescue Service (QMRS) will be housing and maintaining the Shaft Rescue 
System (SRS-1200) which is a truck mounted winding device designed to assist the withdrawal of 
personnel from within a mine to aid self-escape and also provide a means to deploy a mines rescue 
team into a mine via a shaft to rescue and recover mine workers who are unable to escape via 
conventional means. These options will assist in the prevention of loss of life due to an inability to 
escape a dangerous situation. 
There have been too many mining disasters within the mining industry over the years. In Queensland 
these include 53 deaths in a period of less than 20 years as shown in Table 1. 

TABLE 1 
Extract of Queensland coal mining disasters (Mine Accidents and Disasters, n.d.). 

Year Coal mine Deaths 
1972 Box Flat 17, including 9 Mines Rescue personnel 

1975 Kianga 13, bodies never recovered 

1986 Moura #4 12 

1994 Moura #2 11, bodies never recovered 
 

The board of inquiry into Moura No 2 made a number of recommendations for change including 
legislation, risk management and emergency escape. One of the emergency escape 
recommendations was for an ability to recover people via drilled recovery holes and shafts. 
The beginning of the shaft rescue system was at the 2013 IMRB conference. South African mines 
rescue demonstrated their mobile rescue units. QMRS identified that the coronial recommendation 
from Moura No 2 remained open and that South Africa had a proven solution. QMRS commenced a 
process of scoping an appropriate solution and seeking funding for such a project. A similar concept 
to the South African model has been utilised but with a different configuration and also intrinsically 
safe (IS) equipment. 
Once commitment to fund the project was received QMRS then reviewed the scope and put it out 
for tender. The parameters that were determined for the scope was for a depth capability of 600 m 
for coalmines and 1200 m for metal mines. It was negligible cost for an increase in-depth to increase 
the utilisation of the system. The safety systems included intrinsically safe equipment essential for 
use in Queensland coal. SIL2 rating on equipment such as overspeed, overtravel, brake monitoring, 
emergency stops, door monitoring and a dual braking system direct on the drum were preferred 
along with compliance with MDG 33 if possible. Two cages were built; a single man bullet cage for 
use in boreholes and a five man cage for shaft withdrawal or possible mines rescue team 
deployments. 
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The design goals included having the ability to deploy a five-man rescue team plus personal 
equipment having a 600 kg payload, up to 1200 m wind depth at 0.5 m/s per second. The structural 
components having a factor of safety of greater than three at 120 per cent of rope break and the 
ability for the operator to control operations from the side of the truck or via wireless remote control 
with video feed from the cage and of the truck operations. 
The mobile platform is a Volvo FMX, five axle 10 × 4 all-terrain vehicle. This option was utilised to 
try and mitigate the potential problems of access to shafts and boreholes on a mine site. It is 2.48 m 
wide, 12.4 m long retracted, 17 m long with the access platform extended. It is road registered and 
weighs 32 t. Access to the tray of the vehicle is from the off-drive side for a side retractable stairway. 
The SRS-1200 (Figure 1) in the stowed position ready for deployment is 4.56 m high. When it is in 
the deployed position the boom when fully extended is 11.4 m high with the centre line of the cage 
being 4 m from the rear of the truck. The vehicle is fitted with front and rear outriggers which when 
deployed are 4.64 m wide at the rear of the truck and the front outriggers deploy directly under the 
tray and will be deployed whenever the SRS-1200 is in operation. The access ladder to the rear of 
the truck will be in the raised position to prevent access to the back of the truck during lifting and 
lowering operations. 

 
FIG 1 – General arrangement of the SRS-1200. 

The general arrangement of the SRS-1200 consists of the boom, sheave and over travel connecting 
to either one of the cages which then travels through a guide ring. The hydraulic control panel is on 
the drive side just in front of the rear outrigger which controls the boom luffing, boom extension, the 
walkway extension and retraction and also controls the outriggers. The hydraulic cabinet located 
behind the driver’s door contains the emergency hydraulic power unit (HPU) activation controls. The 
emergency HPU is for use if main power is lost to the truck so you can still recover the cage to the 
surface if it is deployed through a shaft or a borehole. The PLC control cabinet is to the front of the 
hydraulic cabinet. 
The Winder itself is located on the tray of the truck. Two dual path, disc calliper brakes on winder 
drum, additional gearbox braking, constant hydraulic operation driven from truck engine PTO. The 
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Winder control panel is on the left-hand side of the truck just in front of the rear Outrigger. This 
controls all lifting and lowering operations and also has full system monitoring available via the HMI 
screen. 
The truck is fitted with a cantilevered walkway to the cage locating ring. The ring prevents the cage 
swinging away whilst entering or exiting the cage. A small guide ring is inserted to locate the single 
person bullet cage in the locator ring and there is safety fencing to prevent falls with it being complete 
to the cage when the door is open. There is the ability to allow access to the cage from the back of 
the truck then luff the boom out over the shaft with the platform retracted and the ring removed. 
The operator positioning for lifting and lowering is at the rear side of the truck if operating manually 
or via remote control with a tablet for monitoring of screens and video. The video display is from 
inside and below the cage also of the Winder drum and the boom from a camera located on the cab 
of the truck. Remote operation mode allows the operator to observe the shaft top, the off side of the 
truck and camera images from the cage. The operator can be up to 70 m from the truck. 
The intrinsically safe components consist of 2 × 300 Watt 12 Volt UPS batteries which will give up 
to nine hours of continuous operation. There are two spare batteries on charge which can be carried 
out on the truck with dedicated chargers. There is in cage and below cage IS lighting and cameras, 
in cage gas monitoring for carbon monoxide, oxygen, methane and carbon dioxide. There are also 
in cage emergency stops and door latch monitoring. 
There is an IS radio in the cage which is connected to a directional wi-fi antenna with high gain 
amplification mounted on the cage top and a signal receiver at the head sheave so we can 
communicate with personnel during lifting and lowering operations. If signal is lost we can still 
recover the cage to the surface and not be stranded in mid-operation. 
Covid-19 caused delays to project as the brakes were sourced from Spain, the gearboxes sourced 
from Italy and the wire rope sourced from Germany. During the early days of the project getting 
deliveries from these European countries was a challenge. Access to mine shafts for testing of 
functionality has been difficult as well. The IS requirement will limit depth capability of wi-fi 
communications due to available power. Theoretically 800 m can be expected with this to be proven 
once mines are accessible for testing. The SRS-1200 has been designed to SIL2 requirements but 
not all functions achieve this due to IS power. Alternate controls were implemented where required. 
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INTRODUCTION 
The emergence of affordable, portable and versatile wireless devices has enabled a new frontier in 
mine safety equipment. Existing solutions provide methods for tracking personnel and assets in 
underground mines but are not designed to optimally integrate into existing and emerging systems. 
Mine management are often required to coordinate primarily independent emergency, personal 
protective equipment (PPE), tracking and collision avoidance systems from multiple vendors. These 
systems involve a variety of wireless technologies that require separate integration projects that 
discourage adopting new services and policies. 
Roobuck has successfully designed and deployed a multimodal device management system 
designed for easy integration with other Mining Equipment, Technology and Services (METS) 
companies. Using universal communication protocols such as MQTT (MQ Telemetry Transport), 
Roobuck has developed a device management system that allows new devices to be easily added 
into existing tracking systems and encourages the take-up of new technologies. This system is 
designed to be compatible and to scale according to existing and emerging technologies including 
wi-fi, BLE (Bluetooth Low Energy), LTE (Long Term Evolution) and LoRa (Long Range; a low 
cost/bandwidth alternative that can also be used in conjunction with other technologies as a 
redundant system), enabling the management, configuration and reporting of data from Ultra-Wide 
Band (UWB) and dedicated short-range communications (DSRC) positioning modules. 
In addition to the device management platform, asset management can be improved by various 
methods. Existing PPE and other non-IoT (Internet-of-Things) safety equipment can be tracked and 
assigned to miners by incorporating sign-in kiosks and digital tag boards into the same database 
system used by the tracking and emergency alert systems. Digital sign-in kiosks allow for immediate 
health checks including assessing the battery life status of devices to ensure they are working before 
they are assigned to personnel going underground. Passive RFID/NFC (Radio-frequency 
identification / near field communication) tags can be attached to equipment that is scanned before 
entry into different zones of the mine. This enables the automatic checking of PPE policy compliance, 
encourages user responsibility for equipment location management, and reduces the risk of device 
misplacement/theft. 
This solution can easily be integrated into a mine’s existing tracking or PPE management platforms 
or upgraded for new integration projects through the use of Over-The-Air (OTA) device updates. This 
allows mine operators to invest in emerging technologies and systems that avoid existing hardware 
obsolescence. It solves the problem of mines getting locked into an expensive proprietary platform 
that may not be guaranteed to be updated to work with yet to be released software/solutions. 
The use of an expandable and flexible MQTT based communication protocol, combined with OTA 
updateable IoT safety devices such as cap lamps or belt tags enables highly integrated systems to 
be developed and customised with ease. The flexible design of both server-side software and IoT 
device firmware allows for PPE management, tracking, collision avoidance, emergency alert and 
sign-in tools to be built into the design of a fully on-site operated IoT solution. 
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FIG 1 – PPE, tracking, emergency alert, collision avoidance mine IoT system infrastructure. 

Sensor data collected from Roobuck devices such as smart cap lamps, belt tags or vehicle tags can 
be forwarded in a universal format to our own or external tracking/emergency management 
platforms. This gives mine operators access to sensor data for automatic incident reporting, 
personnel tracking, device health and inventory checks. Additionally, Roobuck has developed an 
Android based mobile diagnostic tool (Figure 2). 

 
FIG 2 – Mobile IoT diagnostic/configuration/userID tool. 

1. A device’s internal NFC tag is scanned using the mobile diagnostic device. 
2. The device BLE MAC (media access control) address and serial number is read from the tag 

and displayed on the device. 
3. By using BLE, new wi-fi and MQTT credentials and settings can be set on the device. 
4. Device health checks and user registration details can be retrieved from the central database 

via MQTT. Current device configurations can be read via BLE. 
OTA device updates and wireless configuration of IoT devices also allow mines to ensure their IoT 
devices remain secure by regularly updating security requirements (such as user IDs, passwords 
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etc) to prevent security breaches through IoT devices. OTA updates also allow for fixes to issues or 
security risks that are unknown at the time of deployment. These features allow mine operators to 
invest in smart devices without the fear of a major security breach emerging from the technology. 
This was a key priority when designing this technology – it could not be static due to the risk of an 
unforeseen fault or security breach leading to a system failure which could potentially include the 
devices, their software, and also the mine’s network infrastructure as a whole. 
Updating an IoT device can potentially be a hurdle because it is usually a manual process using 
Bluetooth connections to update devices individually. While this system is intuitive and effective for 
a small number of devices, it quickly becomes impossible to manage as the number of devices 
increases. Roobuck circumvents this issue by using the MQTT broker as the primary communication 
method and utilises a server-side ‘queuing’ system to schedule device updates. This system only 
allows updates to occur when certain conditions are met and prevents the device from updating while 
currently in use. This enables the update to be semi-autonomous, with the only user action is to 
specify the parameters of the update and adding it to the queue. This design allows updates to occur 
seamlessly when not in use, without the operators having to schedule specific times, look up whether 
a device is currently in use or consider its current network connectivity. 
Via many industry partnerships and Australian university collaborations, Roobuck has recognised 
the significant need for integration and future proofing of technology for underground mines. This 
paper will highlight some real-world case studies where our new technology has enabled fast paced 
innovation and close collaboration with industry partners to improve productivity and safety in 
underground mines. 
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Managing major mining risks using bow-tie analysis 
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INTRODUCTION 
Bow-tie analysis is a commonly used tool in the Major Hazard Facility sector to identify, display and 
control risks that have the potential to pose serious harm to personnel. It is a simple but powerful 
risk management tool that displays traditional risk assessment outputs as easily interpreted ‘bow-tie 
diagrams’. These are an effective and versatile communication format that can be applied to any 
type of risk (eg safety, environmental, assets etc) and as such show great benefit in managing 
operational hazards in mining. 

BOW-TIE DIAGRAMS 
A bow-tie diagram is a pictorial representation of a risk assessment for a given hazardous scenario. 
It shows the links between causes (IE), controls and consequences. A basic bow-tie diagram is 
shown in Figure 1. 

 
FIG 1 – Example bow-tie diagram. 

The centre of the bow-tie is defined as the ‘loss of control’ event, where energy has been released 
and the event is irreversible. Causes leading to, and consequences resulting from, the loss of control 
event are listed on the left and right sides, respectively. Multiple causes and consequences can be 
listed on a single diagram to provide an overall view of the scenario. Relevant controls to prevent 
and mitigate the scenario are added to each cause and consequence line, respectively. 
Bow-tie diagrams provide a risk model of the scenario by applying traditional risk assessment data 
(eg cause likelihood, consequence severity) to estimate a final risk rating for each consequence. As 
such the model can be as simple or as complex as required. 
Generally, bow-tie analysis is used for high consequence, low likelihood scenarios where a greater 
understanding and management strategy is needed. For the mining industry, bow-tie diagrams could 
be used to analyse and manage ‘major mining hazards’, such as underground explosions, where 
consequences can escalate quickly.  
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BOW-TIE ANALYSIS TECHNIQUE 
The basic bow-tie analysis process is outlined below: 

1. Major hazard identification. 
2. Cause and consequence identification. 
3. Likelihood and consequence severity assessment. 
4. Existing control identification. 
5. Control adequacy assessment. 
6. Risk rating calculation. 

Before beginning the bow-tie analysis, the operational boundaries of the study should be determined 
and the type and severity of events to be considered should be defined (eg definition of a ‘major 
mining hazard’). Documenting definitions and boundaries will focus the team and improve 
repeatability and consistency. 
Major hazard scenarios are determined by sectioning the analysis into logical locations and/or 
operations based on a common hazard. A bow-tie diagram is developed for each unique major 
hazard scenario. Examples of major hazard scenarios may include: 

• creation of a flammable atmosphere 

• loss of containment of flammable and/or toxic substances 

• unbalanced/toppling of heavy machinery 

• light and heavy vehicle interactions in the pit 

• engulfment of machinery etc. 
For each major hazard scenario, a multi-disciplinary workshop team is used to identify the potential 
causes and consequences. Guidewords are used to direct the team’s focus for a more structured 
brainstorming approach. Review of on-site and off-site incidents and near misses, audit findings and 
change projects can also be used as prompts and demonstrates a thoughtful and thorough hazard 
identification process. During these workshops, it is important to maintain the focus on the scope 
and definitions – if a cause or consequence does not meet the scope or definitions, it is excluded. 
However, it is useful to record and justify excluded items on the bow-tie diagram to demonstrate the 
breadth and depth of the hazard identification process and avoid duplication of discussions in future 
review workshops. 
The likelihood of each cause and the severity of each consequence is then estimated using the 
team’s knowledge and experience, as well as reputable data sources. Consequence modelling can 
also be used to better understand the extent and impact of the consequences. 
Existing controls are identified for each cause and consequence. It is useful to use the ‘layers of 
protection’ approach (LOPA) to identify the various types of controls. LOPA describes the order in 
which different types of controls (‘independent protection layers’ (IPLs)) act during an incident and 
is depicted in the ‘onion’ diagram in Figure 2. The hierarchy of controls (eg elimination, substitution, 
engineering, administration) can be used in conjunction with LOPA to ensure that the most effective 
controls are identified. 
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FIG 2 – LOPA ‘onion’ diagram (CCPS, 2015). 

Once controls have been identified, the team assesses whether these controls will function 
effectively through a control adequacy assessment. This assessment is conducted on each control 
based on its action against the particular cause or consequence. A good basis for the assessment 
is the LOPA Guidelines (CCPS, 2015) which defines five characteristics for an independent 
protection layer, as below: 

1. Independent – Independence is achieved when the performance of one IPL is not affected by 
the cause (ie the cause is not defined as a failure of a control) or by the failure of any other IPL 
to operate (ie a single failure, such as loss of instrument air, does not defeat multiple controls). 

2. Functional – The IPL action is targeted to the particular event. 
3. Integrity – The design of the IPL is robust and based on relevant standards. 
4. Reliable – The IPL will operate as designed under the hazardous conditions when required. 
5. Auditable – The ability of an organisation to inspect procedures, records, previous validation 

assessments, and other documented information to ensure that design, testing, maintenance, 
and operation continue to conform to expectations. 

In the assessment, each characteristic is rated (the rating system must be defined in the scope) and 
the control strength (ie magnitude of risk reduction) is determined based on these ratings. Actions to 
improve controls should be raised where a low rating is identified. 
The final step is to estimate the resulting risk rating of each consequence by plotting the 
consequence likelihood against severity. A key difference with bow-tie diagrams as compared to 
tabulated risk assessments, which usually deal with single cause-consequence pairs, is that bow-tie 
diagrams can be used to assess risk cumulatively (ie consider all potential causes that may lead to 
a loss of control event and all potential consequences of that event). 

ANALYSIS OUTPUTS 
At the end of the analysis, a set of bow-tie diagrams is developed to form part of the site’s operational 
risk register and safety management system. Reviews of the bow-tie diagrams should be conducted 
periodically and as conditions or knowledge change (eg change projects, new technology, near 
misses etc) to maintain their relevance. 
Another output is a list of controls that prevent a major hazard from occurring. Maintaining the 
effectiveness of these controls must be an operator’s highest priority. Knowing the specific controls 
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and their required functions, targeted auditing and performance monitoring programs can be 
established to maintain control effectiveness to reduce the likelihood of a major incident. 

BENEFITS OF BOW-TIE ANALYSIS 
The main benefit of bow-tie diagrams is their simplicity in communicating an array of information 
regarding major hazard scenarios. This information can be used for: 

• Understanding the overall site risk profile through risk ranking of major hazard scenarios. 

• Identification of highest risk contributors to major hazards for targeted risk reduction actions. 

• Risk-based prioritisation of actions from bow-tie risk ratings. 

• Clear communication of risk information to the workforce (eg importance of controls, hazards 
awareness etc). 

• Scenario based auditing to test performance of controls. 
To achieve these benefits the bow-ties must be integrated into operational processes and the safety 
management system, making them familiar and ‘living’ documents. 

CASE STUDY – LA TROBE VALLEY COALMINE 
The bow-tie analysis technique and benefits can be demonstrated through a case study of the ‘major 
mining hazards’ in a Victorian open cut coalmine. The project involved hazard identification, risk 
assessment and control identification using bow-tie analysis. The hazard identification and risk 
assessment workshops were an engaging activity that involved technical and operations personnel, 
thus providing a platform for consultation in the risk management process. The final bow-tie diagrams 
were then used to demonstrate adequate risk management to the regulator. The bow-ties were 
‘operationalised’ as a tool to: 

• target maintenance of controls 

• prioritise actions/projects based on risk 

• provide risk awareness training to the workforce 

• develop performance standards and key performance indicators on controls and supporting 
systems (ie the safety management system) 

• develop audits/performance monitoring activities on scenarios. 
An example of the operational application was the completion of control assurance audits for the 
controls identified on the ‘bushfire’ bow-tie as part of bushfire season preparations. The bow-tie 
allowed the audit to be easily developed as the important controls were clearly identified along with 
supporting reference information and control performance requirements. When performing the audit, 
the interviews and analysis were able to be targeted at the specific function of the control in relation 
to the cause rather than a generic review. 
Through engagement in the bow-tie workshop process, personnel from across the business gained 
a better sense of risks and controls within their work functions. This is a very useful consultation 
exercise to promote the desired safety culture of the organisation. 

REFERENCES 
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ABSTRACT 
Critical risk management (CRM) has become one of the latest safety buzz terms in mining. Everyone 
seems to be doing it, everyone seems to know about it, yet we are still having fatalities in our industry 
from well understood hazards such as mobile equipment amongst others. 
The concept of CRM is intuitive and almost self-evident to most and understood by many. 
The ICMM CRM framework provides an excellent process for us to follow and has gained traction 
around the world as arguably the ‘standard’ for safety risk management in mining. This framework 
has created a ‘language’ around the world that many of us now speak. 
So what is missing? What is it that we do not understand about this language and framework? Why 
are we still making the same mistakes as we did in the past despite the enormous technological and 
knowledge gains that we have made in mining over the past 25 years? 
Why are our CRM efforts seemingly not as effective as expected? 
This paper explores this issue and seeks to explain why, even companies that adopt CRM, even 
companies whose Boards actively support and fund CRM, continue to suffer fatalities in their 
organisations. The number of continuing workplace fatalities (Safe Work Australia, 2020) across a 
wide range of industries tell us something is missing, and something needs to change, that, what we 
are doing is simply not good enough. 
In exploring this issue, we aim to assist our industry to shine a light on the weakness, the ‘missing 
something’ and in the process, propose a strategy and solution to be developed with the involvement 
of all interested parties. 
The exposure of organisational senior and executive management to health and safety (H&S) risk 
and their role in workplace accidents has always fascinated the author. Do these managers really 
understand H&S risk? It is often too easy to dismiss H&S consequence when your exposure is 
negligible. 
What if they don’t really know? What if some managers just think they know? Others may believe 
that H&S risk is ‘just common sense’, or that ‘people are just foolish’, or ‘they don’t listen’, or ‘I have 
told them that’ and so on. And sure, there are some people who are Reason’s (1997) ‘violators’, 
some of whom are reckless, but these are rare in our experience. Potentially, a lack of safety risk 
knowledge by management may be a factor. 
Then we have simplistic slogans like ‘Zero Harm’ that still adorn businesses as well as those quaint 
bathroom signs on mirrors that say, ‘safety begins with you’. As if to say, ‘it’s your fault’. 
They are like a neon sign that really says, ‘We are struggling about how to manage safety here’. 
These slogans and signs are like red flags and can signal a deep lack of understanding of the 
concept of H&S risk by management and what is realistic and believable by the workers. 
Whilst most times well meaning, these slogans and signs often lack authenticity. 
If we distil H&S to a simple marketing slogan and expect a material improvement in OHS 
performance, then we will continue to be disappointed and achieve the same old results…. injuries, 
illness, and loss. All unplanned, all costly and evidence of a lack of business and operational 
discipline and control. Too brutal? Too honest? Too true! 
We have identified a potential lack of risk knowledge and trivialisation of safety by slogans and signs 
that may contribute to CRM ineffectiveness, but we must dig deeper, we need a breakthrough. 
A breakthrough is the need to act (not merely utter words and platitudes but to actually physically do 
something) to address H&S risk – particularly critical H&S risk. And yes, I can hear the sighs and the 
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guffaws and the comments out there, ‘yeah, we do that already’, ‘we did that years ago’, ‘we know 
that’ and so on. 
So, what is missing? 
Figure 1 illustrates the irony that employees who are exposed to hazards are the least able to control 
the risk despite the simplistic protestations of management. Senior management, on the other hand, 
have little H&S risk exposure but have enormous ability to control it. The author contends that this 
separation of risk exposure and control potential can lead to a sense cynicism and mistrust in 
management by workers. A sense that management are not authentic in their efforts regarding 
safety. 

 
FIG 1 – The double edged safety sword. 

The recent introduction of workplace manslaughter laws in most Australian jurisdictions has changed 
the risk equation and introduced a new level of risk for management (including officers of 
organisations) for failing to effectively manage the H&S risk that their workers are exposed to. 
Hopefully, these new laws help create inertia to build a better bridge of understanding of H&S risk 
between workers and managers. As Borys (2009) has said, there is work and how it is performed 
and then there is work as imagined by managers! 
These new laws provide a new beginning to create a ‘win, win’ situation. Effective H&S risk 
management is now, more than ever needs to be about authentic leadership that embodies: 

• trust 

• communication 

• respect 

• listening. 
So, just maybe, authentic leadership is the missing link in managing CRM more effectively. Cutifani 
(2014) talks about ‘connecting with people,’ treating your team like brothers and sisters. He talks 
about relationships and commitment, of being ‘up close and personal’ and Leaders that can 
ultimately limit performance of their team. He recognises that leaders are accountable for putting the 
processes and systems in place that remove barriers that often limit worker performance and then 
holding these Leaders to account. 
When it comes to safety, if we are to be leaders, then we must make sure that we help people see 
and achieve the real potential, and not become part of the problem. 
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The model above provides a visual reference that is intended to bring into focus the double-edged 
H&S risk profile sword. The risk for leaders is now high. We can use it to reflect on how, each day, 
workers and managers need to work together to improve safety. 
We will now look more critically at the concept of authentic leadership and what it means – by 
identifying necessary behaviours and business processes that must exist inside a business for 
authenticity about workplace safety to be recognised and felt by all employees, contractors, and 
other stakeholders. 
Authentic Leadership is what brings the CRM to life. 
But it alone will not achieve our required improvement. We need to assess authenticity by how 
important the issue is to an organisation. Few people would doubt the importance of production and 
profit to an organisation and they would understand the consequence of getting it wrong, but what 
about health and safety? 
Accountability is Step 6 of the ICMM CRM framework and assigns ‘ownership’ for critical control and 
verification activity, from the site level to the company board. This includes outlining the 
responsibilities of each owner. We need to measure a person’s performance in effectively managing 
critical risk and holding them to account. 
Holding people to account helps us unlock the production-safety paradox, as its counter-current 
effect is often a driver that limits safety performance. Managing accountability demonstrates that it 
is important to the organisation. Both safety and production must be measured and there must be 
consequences for failing to achieve success for both. 
It is not a question of this or that, it is an imperative to be ‘this and that’. As was President Kennedy’s 
1961 commitment to America ‘to achieving the goal, before this decade is out, of landing a man on 
the moon and returning him safely to the Earth’. The accountability for NASA was both, landing a 
man on the moon and returning him safely to Earth. Through authentic leadership and accountability, 
NASA unlocked the safety production paradox with Apollo 11. 
Accountability must be both formally and informally assessed through mechanisms that embed 
safety accountability into every area of a person’s role and is clearly defined within position 
descriptions. Safety KPI’s (based upon CRM effectiveness) are given equal performance weight to 
production KPIs within a person’s performance assessment. The KPIs become relevant and 
important through the process of being held accountable – bosses are held accountable, and 
workers are held accountable. 
I like the old saying…. ‘what interests my boss fascinates me’. 
My boss needs to be authentic and be held accountable by the Board to achieve ‘this and that’ and 
my boss needs to hold me accountable. My boss must demonstrate that my performance is 
acceptable only when I also achieve ‘this and that’. 
If not, it is unlikely that safety will be a priority to me and hence I will go on being part of the 
problem….just like my boss and the boss’s boss. 
So, there are three elements outlined in this paper that when combined, offer hope that we can 
continue to make further improvements in reducing risk in our high-risk industry. These are by having 
executives and managers: 

• take on board the consequences of the new workplace manslaughter laws and use them as a 
catalyst to change. 

• further improve their management skills required to achieve authentic leadership; and 

• effectively codify and implement safety accountabilities for CRM risks within their organisations 
to ensure that both ‘this and that’ are understood to be expected outcomes of the business as 
well as the individual to be successful. 

Now, that CRM process, did we ever effectively finish implementing it…? 
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INTRODUCTION 
The Ok Tedi copper and gold project, located in the Western Province of Papua New Guinea, 
commenced operations in 1983. The open cut mine has undergone several significant 
transformations throughout its project life including changes of ownership, mine life extensions and 
varying production performance profiles. As of today, the Ok Tedi Mine is a 100 per cent PNG owned 
company (67 per cent State and 33 per cent Western Province and Communities) and has a life-of-
mine plan extending out to about 2032. 
The expansion involves pushbacks of the west and south-east walls of the Ok Tedi Fubilan pit. The 
pushbacks are necessary to lay back the pit slope to a geotechnically determined overall slope angle 
with limits imposed by safety, operability, waste restrictions and economics. The cutbacks would 
mark the introduction of the inherent risks involved in mining concurrently on the interacting pit 
stages. 
This paper aims to showcase Ok Tedi’s goal of ‘Zero Harm’ and commitment to safety by managing 
operational risks introduced by mining of interacting pit stages through critical controls. 

 
FIG 1 – Schematic of interacting pit stages in pushback mining. 

Hazard associated with interacting pit stages 
As typical in pushback scenarios, ore pits are exposed and accessible at depth while waste pits are 
mined from above to expose targeted future ore sources. At Ok Tedi, the two major pushbacks at 
the East Wall and West Wall sections of the pit are staged and sequenced through interim pit designs 
to enable mining and scheduling in order to achieve sustainable ore profiles throughout the life of 
the mine. 
The interim pit stages when mined concurrently from above and below introduces rockfall hazards. 
Mining activities of drill, blast load and haul within pushback areas coupled with regular inclement 
weather conditions presents the challenging task of managing the risks of rockfall hazards. 
The ongoing challenges of managing critical controls, monitoring, assessing and communication of 
rockfall hazards within the mine pit is carried out by the Geotechnical team supported by 
Management and all other technical and operational teams. Ok Tedi has managed and over time 
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identified and developed risk management plans and processes for the various mining activities 
where applicable through the hierarchy of controls. 

Critical controls for interacting pit stages 

Designed catch berms for interacting pit stages 
Prior to implementation, pit designs undergo a rigorous review and approval process. One of the key 
design criteria apart from adhering to pit slope inter ramp angles is the inclusion of catch berms 
between the current and future pushbacks. The catch berm designs are assessed by modelling 
rockfall trajectory using Rocscience software and recommended appropriate height and berm width 
to be accounted for in the design. Adequate catch bunds are then established on the berms to 
contain rockfall. This control has short-term implications to mining operations where larger berm step 
offs tend to narrow mining widths on cutbacks and potentially defer or sterilise ore at depth. The task 
of recouping the deferred ore is left to the mine planning team to account for in the mine designs and 
schedules. 

Contour drilling and blasting 
Contour blasting is blasting which occurs on the crest side of a pushback and is usually the first blast 
undertaken to develop the benches. The size of the shots are important and are generally directly 
proportionate to the amount of vibration and movement induced during blasting. At Ok Tedi, contour 
blasts are combined and taken as production blast with minimum widths of 50 m to cater for shovel 
(CAT6050) mining as opposed to taking contour shots separately like trim shots. 
Ok Tedi embarked on a contour blasting process review in 2021 where site contour blasting practices 
where reviewed using the DMAIC (Define, Measure, Analyse, Improve and Control) process to 
implement the project with the aim to minimise blast spillage and optimise fragmentation. 
The project included reviewing of the existing blast process, analysing the design input parameters 
and simulating the blasting impact through two methods. The reverse wall damage simulation using 
Hellfire and profiling in ShotPlus. Reverse wall damage simulation was carried out by using pit edge 
as an invisible pit wall to mimic a final. The objective is to compare different blast design scenarios 
and their inferred damage profiles by simulating Vector Peak Particle Velocity (VPPV) for a given 
uniform rock. The assessment is used to determine the safe distance for the first row along the 
contour to be set. Profiling in ShotPlus done to give a fair illustration of the standoff distance from 
the pit edge slope, and with understanding off the rock mass and geology of the area appropriate 
standoff distance can be selected. 
The process has guided the successful implementation of blasting along the West Wall areas where 
satisfactory outcomes were achieved and parameters standardised. The learnings were then 
transferred across the other cutback areas of the mine. 

Rockfall mitigation when mining above 
Mining above in pushback scenarios is quite challenging as the risks of movement of heavy 
equipment triggering rockfall onto work areas/infrastructure below is very high. 
At Ok Tedi, the mine planning and operations team take on the responsibility of setting out contour 
dig limits on the crest side of blast muck piles and selection and planning of fleet depending on 
contour offset limits and mining requirements. 
The offset distance from the crest is approximately 10 m and varies depending on lithology and 
extent of impact to the activities below. The 10 m offset contour muck pile after a shovel digs through 
is pulled back by a backhoe CAT6030 or equivalent. 
Although contour limitations affect bench turnover and introduces additional backhoe resource 
requirement, safety at Ok Tedi takes priority and hence all mine plans tend to account for this to 
minimise and manage impact to production schedules. 



Minesafe International Conference 2022 | Perth, Western Australia | 4–5 May 2022 73 

Rockfall hazard awareness and communication 
The Geotechnical Team at Ok Tedi undertakes the challenging task of assessing, monitoring and 
communicating the potential rockfall hazards within the pit including those initiated from interacting 
pit stages. Communication and awareness sessions are driven and conducted daily to keep mine 
personnel informed. 
Rockfall risks are rated in line with Ok Tedi’s risk-rating standard matrix. Level of risks colour-coded 
on rockfall hazard awareness maps. Rockfall hazard signs are also posted along the road and 
throughout the pit to caution mining personnel and visitors on the hazards within the work areas they 
are approaching. 

CONCLUSIONS 
Since commencing operations in 1983, Ok Tedi has undergone tremendous changes throughout its 
project life and, during that time, has encountered and identified the need for a robust rockfall risk 
management plan to manage the inherent hazard of rockfall. Currently, the mine uses established 
processes and systems to manage this risk of rockfall due to active mining. The mine continues to 
operate successfully unlocking value at depth whilst proactively looking for improvements in existing 
critical controls when mining concurrently within the interacting stages. 
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INTRODUCTION 
The identification of Critical Risks, their associated Critical Controls, and the implementation of 
processes to ensure their ongoing management can be difficult and resource intensive. 
Answering the following Critical Risk Management related questions can be challenging: 

• What is a Critical Risk? 

• What is a Bow-tie Analysis and when should it be used? 

• What is Critical Control? 

• How is the effectiveness of a Critical Control assured, and how is this measured? 

• Who is responsible for managing Critical Controls? 

• What are the implications if a Critical Control is not effective? 
It appears that in the mining industry’s efforts to implement the Critical Control Management Process 
outlined by the International Council on Mining and Metals (ICMM), instead of embedding an 
integrated, well understood, value adding process, we have instead created a resource hungry 
monster that is poorly understood by numerous layers of the organisation. 
Every organisation should have defined Critical Risks which are well known, and robust Critical 
Controls to manage these risks. Unfortunately, 

• There are few examples shared with industry on successful implementation of a Critical Control 
management program. 

• The Management Process suggested by the ICMM (in the author’s view) does not provide 
sufficient detail to enable implementation of a robust, integrated program. 

Regardless of where the organisation may sit on the continuum between ‘well implemented’ to ‘out 
of control’, there are several key principles that if applied will enhance their Critical Controls 
Management Program. 
The purpose of this practical session is to cover these principles in detail and guide attendees 
through a reflective learning process considering the Critical Risk Management Process in place 
within their own business. Some of these principles are outlined below. 

Use materiality criteria to identify true Critical Risks 
A major hurdle for some organisations is gaining absolute clarity on what their Critical Risks are. If 
the incorrect Critical Risks are identified, it can lead to devotion of time and resources to 
management activities for risks that are not Critical, potentially at the expense of risks that are. 
A strategy proven to assist in clarifying Critical Risks is by implementing consequence-based 
materiality criteria to firstly identify what are the material risks across the site, and secondly, which 
of these materials risks should be further assessed through the ICMM pathway, thereby meeting the 
definition of a Critical Risk. The detail on materiality criteria will be discussed within the presentation 
session. 

Bow-tie Analysis is not all it is cracked up to be 
There appears to be heavy reliance on Bow-tie Analysis to analyse Critical Risks and identify Critical 
Controls. It is not widely known, however, that Bow-tie Analysis does have disadvantages when 
compared to other analysis methods, and, when used in the wrong type of scenarios can lead to a 
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less than adequate analysis of the Critical Risk. This session will cover the disadvantages of Bow-
tie Analysis and the scenarios it should not be used for. 

Not all Critical Controls are created equal 
Many organisations have too many Critical Controls. This is often the result of inadequate criteria for 
defining a Critical Control, and/or inadequate application of the criteria. 
In addition to the Critical Control being specifiable, measurable, auditable, and observable, it is 
recommended that it is categorised as either an Act, Object, or Technological System type control. 
If an organisation is in the situation where they have too many Critical Controls, a structured process 
can be applied to remove the ‘Criticality’ from the Control whilst at the same time maintaining 
robustness within the supporting management systems. 
The presentation will cover the details of the Critical Control criteria, and how it assists in the 
identification of Critical Controls and the subsequent management of the Critical Control. 

The Control will perform how well you tell it to 
The key pillar in any integrated Critical Control Management Program is the Critical Control 
Performance Standard. It is within the Performance Standard the organisation can define the 
expected performance across criteria such as: Functionality, Availability, Reliability, Survivability, 
Dependency, Compatibility, Redundancy, Performance Triggers, Verification Activities, Failure 
Mechanisms, Failure Prevention Strategies, and Control Effectiveness Assessment. 
The Critical Control Performance Standard should form part of the management system and define 
the integration with the Organisational Chart, Maintenance System and the Safety and Health 
Management System. 
The Performance Standard is often the component of the Critical Control Management Process that 
is least understood. Within this presentation the key components of the Performance Standard will 
be discussed, including tips for successful integration and implementation. 
This presentation will complement the ICMM guidance documentation by covering off the practical 
application of the Critical Control Management Program. The key learnings from this session will be: 

• How to apply materiality criteria to identify Critical Risks. 

• Clarity on the use of the Bow-tie Analysis. 

• Understanding of the definition of a Critical Control and whether attendees ‘own’ Critical 
Controls are compliant. 

• Understanding of a Performance Standard and its key elements. 

• Where, and how, the process of Critical Controls Management can fail. 

• Understanding of how to integrate Critical Controls Management into the Safety and Health 
Management System. 
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