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EXECUTIVE SUMMARY

Recommendation 1: The industry should recognise that it has a fatality cycle. Unless it
makes significant changes to how it operates, the rate of fatalities is likely to continue at
current levels. This pattern has been evident over the past 19': years and is
characterised by periods where a significant number of fatalities occur, followed by
periods where there are few to none. This suggests that the industry goes through
periods of increasing and decreasing vigilance. Past behaviour suggests that in the
order of 12 fatalities are likely to occur over any 5 year period.

If the industry continues to take a similar approach to safety, using the same philosophies and
methodologies adopted over the past 19%2 years, then similar safety outcomes are to be
expected.

The cycle further suggests that the periods with few to no fatalities should be viewed as simply
part of the fatality cycle — they are not evidence of the industry becoming safer over the long
term. Instead, further fatalities should be expected as the cycle continues. This may appear a
bleak prediction, but this cycle has proven surprisingly resilient over the past 19 years.

The 6 fatalities that occurred between July 2018 and July 2019 have been described by some in
the industry, media and politics as evidence of an industry in crisis, but a bleaker assessment is
that this is an industry resetting itself to its normal fatality rate.

Perhaps one of the biggest stumbling blocks to reducing the number of fatalities is how the
mining industry views itself. Mining is a hazardous industry, but that doesn’t mean that workers
and their families must continue to suffer the consequences of these hazards. An illustrative
comparison can be made with the airline industry — the general public expect air travel to be
safe, despite it having to cope with significant hazards. By contrast, both the mining industry and
the general public appear to expect mining to be dangerous. This fatalism may be the biggest
stumbling block to preventing the industry taking the next step.

Recommendation 2: The industry should recognise that the causes of fatalities are
typically a combination of banal, everyday, straightforward factors, such as a failure of
controls, a lack of training, and/or absent or inadequate supervision. Internal incident
investigations in mining companies must strive to capture these combinations of causal
factors, and avoid simplifying them to a single cause, such as human error, bad luck or
freak accidents, which has the potential to mask the underlying system failures.
Recommendations 3 to 5 cover the key causal factors identified in this review.

A superficial examination of the causes of the 47 fatalities analysed as part of this review gives
the impression that many were freak accidents, that events transpired in such a way that could
never have been anticipated. This impression can inspire fatalism: how can we possibly protect
workers against such freak accidents? It can reinforce the notion that mining is a hazardous
industry and fatalities simply cannot be avoided.

However, the majority of fatalities were not freak accidents. Many were preventable, and there
was rarely a single significant cause. This is likely to be an uncomfortable finding for many:
there is a tendency to assume that bad outcomes must have equally bad causes — when a
fatality occurs, it must have a particularly sinister cause. This is not the case — there were

few smoking guns.

At a practical level, a large number of the fatalities involved a mine worker in a situation that
they were inadequately trained for, with the controls meant to prevent harm being ineffective,
unenforced or absent, with no or inadequate supervision to identify and remedy these shortfalls.
It then took an initiating event, e.g., in the form of a freak incident or bad luck, to result in a
fatality.

Almost all of the fatalities were the result of systemic, organisational, supervision or training
failures, either with or without the presence of human error. Human error alone would not have
caused these fatalities. 17 involved no human error at all on the part of the deceased.

There were 10 incidents involving known faults, where individuals were aware of them, but no
action was taken. 9 fatalities had known near misses occur prior to the fatality. In some cases,
prior fatalities had occurred in a similar manner.
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Recommendation 3: The industry needs to focus on ensuring workers are appropriately
trained for the specific tasks they are undertaking.

A total of 17 of the 47 fatalities involved a lack of task specific training and/or competencies for
the tasks being undertaken. A further 9 had inadequate training. These tasks were often
undertaken at the direction of supervisors or others who were aware of these deficiencies.

In many cases this lack of training resulted in the worker being unaware of the hazards involved
in completing the task or the worker operating equipment in a manner that exposed them to
hazards.

Recommendation 4: The industry needs to focus on ensuring workers are appropriately
supervised for the tasks they are undertaking.

In 32 of the 47 fatalities, the worker was required to be supervised when undertaking the task,
i.e., the 32 did not include routine tasks, such as driving. 25 of these 32 fatalities involved
inadequate or absent supervision.

17 of the fatalities involved a lack of training or inadequate training for the specific task being
undertaken and inadequate or absent supervision.

Not only does absent or inadequate supervision allow tasks to be approached in an unsafe
manner, but it also greatly amplifies the consequences of a lack of training or ineffective or
unenforced controls.

Recommendation 5: The industry needs to focus on ensuring the effectiveness and
enforcement of controls to manage hazards. Given the increasing Serious Accident
Frequency Rate, industry should implement more effective controls (such as elimination,
substitution, isolation, or engineering controls). A significant number of the controls
reported put in place in the aftermath of an incident were administrative in nature.

The majority of the 47 fatalities involved at least one failed or absent control that could have
prevented the fatality. The underlying factors for these absent controls often stemmed from
decisions made at a supervisory and/or organisational level in organisations.

In recent years, the role played by ineffective controls in incidents, including Serious Accidents,
is increasing.

In addition, the reported corrective actions put in place in the aftermath of Serious Accidents —
incidents with a demonstrated capability to require hospital admission for treatment — were in
62% of the cases administrative controls only. Administrative controls, despite having their place
in the industry, are some of the least effective controls available.

Recommendation 6: The industry should adopt the principles of High Reliability
Organisational theory in order to reduce the rate of Serious Accidents and fatalities.

At its most fundamental level, High Reliability Organisational theory focuses on
identifying the incidents that are the precursors to larger failures and uses this
information to prevent these failures occurring. Adopting a High Reliability Organisation
approach will require the refinement or addition of specific competencies to both the
mining industry and the Regulator.

Drift into failure, where the industry exhibits a greater acceptance of risk over time, is potentially
evident in the Queensland mining industry at both a macro and micro level.

While the 1999 legislation has made significant progress in making the industry safer, despite
this progress, the current approach has not been sufficient to reduce the fatality rate to zero in
the long term.

No single change to the mining industry will reduce this rate, what is instead required is a
change in approach to how the industry identifies and controls hazards, as well as how it
recognises and addresses them when these controls are eroding or ineffective.

A High Reliability Organisation, or HRO, understands that periods of success breed
complacency, which can lead to failures and fatalities. Periods where there are few to no
fatalities are typically periods where a drift into failure occurs. Safety is compromised for a
variety of reasons, often benign, over time. These compromises typically result in a series of
minor near-miss incidents.
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HROs actively seek out these near-miss signals, which are typically the precursors to failure.
HROs believe that these signals provide an opportunity to identify and act on existing hazards in
order to remove them from the workplace. This is the key step that helps prevent the drift into
failure.

Many of the recommendations that follow flow directly from HRO theory.

This will require the industry to develop a dedicated group with the appropriate competencies
whose role it is to collate, categorise, actively search and identify concerning trends in incident
data.

Recommendation 7: In order to proactively assist the mining industry to operate more
like High Reliability Organisations, the Regulator should play a key role in collating,
analysing, identifying, and proactively disseminating the lessons learned from the
incident and fatality data it collects from the industry.

Central to the concept of a HRO is that incident information can be actively used as a
preventative tool to educate the wider industry. The Regulator is in a critical position to fulfil this
role due to its centralised access to industry wide incident data.

The identification of developing incident trends and the timely dissemination of this information
to industry, coupled with inspections and audits aimed at ensuring the wider industry is
engaging and responding to this information will be critical in fatality prevention.

This will require the Regulator to develop a dedicated group with the appropriate competencies
whose role it is to collate, categorise, actively search and identify concerning trends in incident
data for the industry.

Recommendation 8: The Regulator should develop a new and greatly simplified incident
reporting system that is easy to use by those in the field, that is unambiguous, and that
aims to encourage open reporting, rather than be an administrative burden to reporting.

The current reporting system is a product of evolution over the past 19%z years, rather than a
system designed to take advantage of current technology. Due to its evolutionary nature, it is
cumbersome, ambiguous, and difficult for the industry to use.

In order for the Regulator to play a central role in collating and analysing data, it must develop a
system that maximises the probability of incident reporting. In HROs there is no such thing as a
safety culture, rather there is a reporting culture. Currently, the data suggests under-reporting of
incidents is occurring, and steps to address this issue are required.

The Regulator should develop a new system to address these shortcomings. While this review
does not intend to set out the specific details of such a system, it should be in line with modern
mobile technology, preferably app based, and the Regulator should ensure that the
administrative burden of reporting is minimised, e.g., consider allowing the industry to report the
incident in text based form, which reduces the need to fill in fields and categories pertaining to
the incident.

The Regulator should also consider the development of a dual reporting system to discourage
potential under-reporting of incidents. The role of this dual system is to ensure that two reports,
by separate individuals/companies/institutions, are submitted to the Regulator. For example, if a
person is admitted to a hospital for treatment, i.e., a Serious Accident, then the hospital can
make an independent report, which should be cross-checked to ensure the mine site also
provided a report of the incident.

It should also be accepted that there will be an inevitable tension between the need to capture
comprehensive information on an incident, while at the same time avoiding the discouragement
of reporting due to the volume of information required.
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Recommendation 9: The industry should shift its focus from Lost Time Injuries (LTIs)
and the Lost Time Injury Frequency Rate (LTIFR) as a safety indicator.

LTls as a safety indicator are problematic. LTIs are prone to manipulation, are a measure of
how the industry manages injuries after they have occurred, as opposed to a measure of
industry safety. It is possible, therefore, to reduce the LTIFR without making the industry safer.

Further, an analysis of the fatalities shows that many of the causal factors would not have

caused injuries prior to the fatality. Therefore, they would not be recorded as LTls, with them
remaining unidentified as issues. At best the LTI Frequency Rate is a distraction that focuses
industry on the wrong safety measure, at worst it results in early warning signs being missed.

Recommendation 10: The Regulator should adopt the Serious Accident Frequency Rate
as a measure of safety in the industry.

Selecting a metric for determining if the mining industry is getting more or less safe is
challenging. This metric must be both a true reflection of safety in the industry, as well as a
metric that is not easily manipulated.

Therefore, it is recommended that the Serious Accident Frequency Rate be selected as the
appropriate metric. There are a number of reasons for this selection:

e Apart from the fatality rate, the Serious Accident Frequency Rate is a genuine reflection
of how many people are getting seriously injured to require admission to hospital for
treatment,

e The Serious Accident Frequency Rate is least likely to be susceptible to both conscious
and subconscious manipulation. To qualify as a Serious Accident, determination of a 3
party from the medical profession is required.

Recommendation 11: The Regulator should adopt the High Potential Incident Frequency
Rate as a measure of reporting culture in the industry.

Rather than viewing the High Potential Incident Frequency Rate as a measure of the level of
safety in the industry, it should be viewed as a measure of the reporting culture.

High Potential Incident reporting should be encouraged in order to better ensure early warning
signals of impending incidents and fatalities are captured and disseminated to the wider
industry. This provides the best opportunity to identify hazards before they cause harm and
ensure they are effectively controlled.
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1. INTRODUCTION

1.1 Background to the Review

On the 8t of July 2019 the Honourable Dr Anthony Lynham, Minister for Natural Resources,
Mines and Energy, announced an expert review would be undertaken to identify changes
needed to improve health and safety in Queensland mines and quarries.

The announcement was made following a fatality on the 7t of July 2019, which followed a total
of 5 fatalities in the 2018/19 financial year.

1.2 Purpose of the Review

The Minster’s requirements were to examine all fatal incidents in Queensland mines and
quarries from 2000 to 2019, and based on this examination look at:

a) Why mine workers have died over the past 20 years?,
b) How industry can improve, and,

c) How the mines inspectorate can work better.

1.3 Conduct of the Review

The review was led by Dr Sean Brady based on information provided by the Queensland
Government Department of Natural Resources, Mines and Energy (DNRME).

In this report the terms Queensland mining industry or the mining industry shall be taken to
include both mines and quarries.

1.4 Review Methodology

The review adopted a multi-prong approach to investigate the underlying causes of fatalities,
namely:

1. Causes of Individual Fatalities: Over the course of the review period, when a fatality
occurred, the regulator investigated and compiled the findings into what are known as
Nature and Cause Reports.® These reports were analysed, both to understand the
causes of each individual fatality, and to identify if patterns and common causes existed
across the 47 fatalities that occurred between the 1st of January 2000 and the 31st of
July 2019 — hereafter referred to as the review period.

2. Incident Data: To provide context to the individual fatalities, an analysis of the incidents
that occurred throughout the mining industry was conducted. The details of these
incidents were provided by the regulator, which receives reports on a range of incident
types, many of which involve mandatory reporting. In the order of 40,000 incident
details were available for the review period.

3. Hours Worked Data: In order to provide context to these 40,000 incidents, the hours
worked for each mine, per month, from 2000 to 2019 were analysed.

L Prior to the announcement of this review, an investigation into mining fatalities was underway with a more limited

scope that covered coal mine incidents from 2000 to the end of 2018. The Minister subsequently expanded this

scope on 8 July 2019 to include mineral mine and quarry incidents, and all fatal incidents up until 31 July 2019.

The review considers all fatal incidents from 1 January 2000 to 31 July 2019.

3 This review assumed that the Nature and Cause reports accurately describe the causes and circumstances
surrounding each fatality. This was considered a reasonable assumption. The focus of the review was not to
confirm the accuracy of these reports.
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1.5

The r

1.

Discussion: Discussions were held with individuals from both industry and the
regulator. The findings from this review were presented to, and feedback was received
from, the Coal Mining Safety and Health Advisory Committee“ and the Mining Safety
and Health Advisory Committee® - two mining advisory committees that advise the
Minister for Natural Resources, Mine and Energy on the safety and health of coal mine,
mineral mine and quarry workers.

Call for Submissions: On the 28t of October 2019 a call for submissions was released
to the industry. Responses were considered as part of this review.

Analysis and Reporting: The analysis findings of the individual fatalities, the wider
incidents in the industry, and the hours worked in the industry were collated to identify
the overall industry trends that drive increases and decreases in fatality and incident
rates. These findings, combined with research into various approaches to safety, form
the basis for the recommendations for how industry and the regulator can attempt to
reduce incident and fatality rates.

Report layout

eport is laid out as follows:

A brief overview of the Queensland mining industry is presented in Section 2. Some
industry statistics are introduced, and the role of the regulator and industry, along with
the various roles of site senior executives and others, are discussed.

Section 3 discusses the fatalities that occurred from 2000 to 2019. The cyclical
behaviour evident in fatalities, along with general statistics are presented. Causal
diagrams are introduced, which provide a visual representation of the key aspects of
each individual fatality. The conclusions and patterns evident from these analyses are
presented in this report.

Section 4 provides a detailed examination of the incidents and injuries occurring in the
industry from 2000 to 2019. This section introduces the available data, as well as the
purpose and method of its collection.

Section 5 examines the behaviour of the industry as a whole. An analysis of the
frequency of different incident types, with respect to the hours worked provides an
opportunity to develop a deeper understanding of how the Queensland mining industry
operates in practice.

Sections 6 and 7 introduce the concepts of complexity, drift into failure and High
Reliability Organisations (HROs). These concepts provide a basis for how the
Queensland mining industry and the regulator can reduce the rate of fatalities.

Section 8 provides the review’s conclusions and recommendations.

Appendices are included that provide additional material and discussion to the main
report.

https://www.business.qld.gov.au/industries/mining-energy-water/resources/safety-
health/mining/commissioner/advisory-committees/cmshac
https://www.business.qgld.gov.au/industries/mining-energy-water/resources/safety-
health/mining/commissioner/advisory-committees/mshac
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2. INDUSTRY OVERVIEW

2.1 Introduction

This section provides an overview of the Queensland mining industry. It discusses industry
statistics, as well as the role of the regulator and various statutory positions within the industry.

2.2 General Data and Statistics on Queensland Mining

Over the past decade, the overall value of Queensland Resources Exports has almost doubled
from $36 billion in 2009 to $71.5 billion®. Metallurgical coal represents the largest share at
$38.72 billion, Minerals at $10.23 billion and Thermal Coal at $6.53 billion?.

At the end of June 2019 there were a total of 53,084 people employed in the resources industry,
split across each subsector as follows?®:

(a) 37,290 in Coal Mining,
(b) 14,034 in Minerals Mines,
(c) 1,760 in Quarries.

The year-on-year percentage change in employment in each subsector for the 12 months up to
the end of June 2019, is:

(a) 9.4% increase in Coal Mining,
(b) 0.5% increase in Mineral Mines,
(c) 3.3% increase in Quarries.

The number of mining operations, by sector, operating in Queensland as of December 2019 is:
(a) Coal-Exploration — 321,
(b) Coal-Open-Cut — 62,
(c) Coal-Underground — 13,
(d) Metalliferous—Exploration — 304,
(e) Metalliferous—Open-Cut — 292,
(f) Metalliferous—Other — 1,137,
(9) Metalliferous—Quarry — 341,
(h) Metalliferous—Underground — 93.

As of January 2020. DNRME Strategic Economics Unit - Queensland Resources Exports.
7 The total of $71.5 billion also includes LNG at $16.02 billion.

DNRME Strategic Economics Unit - Queensland Resources Exports.
8 Provided by the DNRME.
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2.3 Hours Worked in Industry (2000—-2019)

The regulator records the number of hours worked per mine per month as part of the monthly
incident summary report®. Between January 2000 and the end of July 2019, 1,635,566,224
hours were worked in the industry.

These hours have been worked by both employees and contractors. While the definition of an
employee is obvious - they are employed by the mine site as an employee - the definition of a
contractor, as used in this report, is more complex. The term contractor includes:

o Employees of contracting companies: the mining industry engages contracting
companies to undertake various tasks at the mine to support mining operations . The
individuals who perform the work are known in the industry as contractors (they are
employed by the contracting company). As will be discussed and examined later in this
report, there is an industry view that this contracted workforce does not perform at a
similar level of safety to mine employees. The expression wearing the shirt is used to
describe mine employees, as opposed to contractors.

e Specialist contractors: the mining industry engages specialist contractors to perform
very specific tasks. This often occurs during a shutdown, when specific maintenance
activities are undertaken. There is an industry view and expectation that these
contractors will be highly skilled and competent from a safety perspective.

e Contractors operating mines: some mines are operated by a contracting company on
behalf of a mining company. In this case the entire mine site is operated by contractors,
with few employees.

Figure 1 illustrates the distribution of hours worked per sector per contractor and employee.

Millions of Worked Hours by Sector by Worker Type
Hl Employee I Contractor

400

300

200

HEN,
i

100

:

Coal Open Cut
Metalliferous Open Cut

Coal Underground .l
Metalliferous Underground
Metalliferous Other
Quarry

Figure 1 Distribution of hours worked per sector per worker type'?

Figure 2 shows the distribution of hours worked, per contractor and employee, for each financial
year'2,

9 https://www.business.qld.gov.au/industries/mining-energy-water/resources/safety-health/mining/accidents-
incidents-reports/report-notify

10 Sometimes this is in the form of labour hire.

" Coal and metalliferous exploration are not shown in this graph as they have minimal worked hours.

12 The Australian financial year runs from 1 July to 30 June, e.g., the 2012/13 financial year runs from 1 July 2012 to
30 June 2013.
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Millions of Worked Hours by Financial Year by Worker Type
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Figure 2 Distribution of hours worked, per contractor and employee, per financial year

Between 2000 and 2012/13, the hours worked gradually increased, typically with more
employee hours worked than contractor. Between 2012/13 and 2015/16 the overall hours
decreased, then from 2016/17 onwards, the hours steadily increased. Since 2017/18, contractor
hours have exceeded employee hours, which is almost unique across the last 19 years.

Figure 3 shows the split of hours worked per sector for the period of the review — the largest
increases over time have been in open cut coal.

Millions of Hours Worked by Financial Year by Sector

W Coal Open Cut mmm Coal Underground Metalliferous Exploration Metalliferous Other
Coal Exploration ~ mmm Metalliferous Open Cut  EEEE Metalliferous Underground Bl Quarry
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Figure 3 Hours worked per financial year per sector
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2.4 Discussions with the Industry

A significant number of discussions took place with those in the industry as part of this review —
on occasions as a result of visits to mine sites'. From these discussions a number of common
themes emerged, which are discussed below.

Too Much Paperwork: a significant proportion of people spoken to expressed the view that the
large amount of paperwork (relating to safety) that they are required to produce and manage is
a major challenge. While all accept some paperwork is required — at least to establish
compliance — they were of the view that the sheer amount of it resulted in them spending more
time at their desk than actively in the field talking to and observing the workers.

In their view, the importance of spending time on the mine site or underground was critical in
both identifying hazards and ensuring work was being carried out in line with procedures. This,
they felt, was a very high price to pay in order to keep on top of their paperwork - at what point
was it making the site less safe. Throughout the discussions it was unclear whether this large
amount of paperwork was a result of having to comply with the legislation or if it was driven by
the mining companies themselves.

To many, this ever increasing paperwork load was in the form of more and more procedures.
Many felt this was the default approach to managing risk. And as both the number of and
quantity of detail in procedures grew, they questioned the workers’ ability to retain all this
information. They have the view that miners learn on the job, working with experienced
individuals. (A number of people spoke about this issue with respect to inductions, where
individuals are expected to understand and retain more and more information during their
inductions.)

New People in the Industry: Many expressed the view that more new and inexperienced
individuals were entering the industry. While new and inexperienced individuals have always
been entering the mining industry, there is a view that they are now doing so in higher numbers
than before. Combine this with the situation where many experienced individuals are leaving the
industry and some significant challenges present themselves.

Firstly, as inexperienced people enter the industry they are being trained by people who are
also reasonably inexperienced. Given, as mentioned above, that miners learn on the job, this
means that the deep learning from someone who has spent a career in the industry is not being
passed on.

Secondly, because of the need to hire and retain people, there is a drive to promote individuals
quicker than would have been in the past. One of the reasons why this is taking place is that if a
person gains experience, there is pressure to promote them in that mine before another mine
offers them a position and they leave.

Mental Health: While an examination of mental health is outside the scope of this review, many
individuals — when asked about mine safety and fatalities - raised it. Two broad areas were
discussed. The first related to the pressures of fly in fly out work, and the pressure that puts on
both the miners and their families. The second area relates to the management of the mental
health of both a miner who has been injured, as well as the other individuals on that site when
an incident or a fatality has occurred.

Quarries: Quarries stress that they are different to mines. They are smaller, have considerably
tighter budgets, have smaller teams and because they rely on receiving orders each month,
they argue that this makes long term planning difficult. One individual stressed that the health
and safety approach that may work for the large mines does not scale down well for quarries.
He also stressed that there should be inspectors in the Regulator who came from a quarrying
background.

Employee/Contractor Debate: At the onset of this review, many expressed a strong view that
the increasing number of contractors in the industry was leading to a reduction in safety. There
was an openly expressed view that, as was discussed above, contractors do not work in as safe
a manner as employees.

Some of these factors will be discussed as the report progresses.

13 A response to the call for submissions was received from the Mine Managers’ Association of Australia and is

included in Appendix E.
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2.5 Safety and Health Acts 1999

The mining industry operates under a legislative framework that commenced in March 2001.
The Coal Mining Safety and Health Act 1999 and Mining and Quarrying Safety and Health Act
1999 were the outcomes of an extensive tripartite process between government, industry and
unions over the six years that followed the 1994 Moura No. 2 mining disaster'®.

The new framework introduced a risk-based safety and health management system for each
mining operation. These systems are central to the Queensland safety and health framework
and incorporate risk management practices to ensure the safety and health of coal mine
workers and persons who may be affected by mining operations.

Under the framework, mine operators are required to proactively review their safety and health
management system to ensure it is effective and adapts to the changing environment and
interdependencies of complex mining operations.

The Queensland framework enables statutory officers (such as the mine’s Site Senior Executive
(SSE)), worker representatives (such as Industry Safety and Health Representatives (ISHR)
and district worker representatives), mines inspectors, and mine workers to play a proactive role
in reviewing, inspecting or auditing the safety and health management system. This proactive
review by a wide range of people, with differing expertise and perspectives, is intended to
strengthen the integrity of the safety management system and safeguard against potential risk
exposure not being addressed.

2.6 The Role of the Regulator

The regulator’s responsibility is for administering and enforcing the risk-based regulatory
framework for worker safety and health in Queensland’s resources sector. The regulator, which
currently sits within the Department of Natural Resources, Mines and Energy (DNRME) "7,
includes the Coal Mines Inspectorate, the Mineral Mines and Quarries Inspectorate, as well as
the Petroleum and Gas Inspectorate and the Explosives Inspectorate (hereafter referred to as
the Regulator)8.

The Regulator’s statutory responsibilities for mining and quarry safety and health are set out in
the following legislation and regulations:

(a) The Coal Mining Safety and Health Act 1999 (CMSHA) and Coal Mining Safety and
Health Regulation 2017, which is administered by the Coal Mines Inspectorate,

(b) The Mining and Quarrying Safety and Health Act 1999 (MQSHA) and Mining and
Quarrying Safety and Health Regulation 2017, which is administered by the Mineral
Mines and Quarries Inspectorate.

This review focuses on the regulatory functions of the Coal Mines Inspectorate and Mineral
Mines and Quarries Inspectorate, which together constitute the Queensland Mines Inspectorate
(QMI).

4 Details provided by the DNRME.

The Moura No. 2 underground coal mine disaster took place on Sunday 7 August 1994, when an explosion
occurred in the mine. There were twenty-one persons working underground at the time. Ten men from the
Northern area of the mine escaped within thirty minutes of the explosion, but eleven from the Southern area failed
to return to the surface. A second and more violent explosion occurred on Tuesday 9 August 1994. Rescue and
recovery attempts were thereafter abandoned, and the mine sealed at the surface. (Wardens Inquiry, Report on
an Accident at Maura No 2 Underground Mine, https://www.publications.qgld.gov.au/dataset/moura-mining-
disaster-inquiry-reports/resource/a8e96409-52a3-4075-b4a6-b1224ecc8e63)

16 Details provided by the DNRME.

Draft legislation is before the parliament at the time of publication, which would see the Regulator established as
a standalone statutory body.

https://www.dnrme.qld.gov.au/
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The QMI’'s compliance approach is to protect the safety and health of resource industry workers
and the Queensland community at large, by ensuring that:

(a) The risk of injury or illness resulting from regulated activities is at an acceptable level,

(b) Obligation-holders receive the support, guidance, and information necessary to
discharge their safety and health obligations,

(c) Industry, workers and the broader community have confidence in Queensland’s
resources safety and health framework.

To this end, QMI applies its resources to the areas of greatest risk and to the activities that will
achieve the best safety and health outcomes.

QMI uses compliance and enforcement tools which are:

(a) Educational: including engagement activities, safety alerts and bulletins, substandard
condition and practice advice, inspection and audit activities,

(b) Corrective: including directives, inspections, audits, substandard condition or practice
advice,

(c) Deterrent: including prosecutions, directives, investigations, random inspections and
audits,

(d) Punitive: prosecutions and civil penalties.

QMI applies all of the available compliance and enforcement tools available to it and considers
which actions are most appropriate, with regard to the relevant circumstances, on a case-by-
case basis.

2.7 The Role of the Industry in Safety

The Legislation places obligations on mining operators and other individuals to protect the
safety and health of workers and others at mines and ensure the risk of injury or illness to any
person resulting from operations is at an acceptable level. The DNRME considers that industry’s
ability to protect workers is dependent upon a wide range of activities, including:

(a) The accurate, timely reporting of safety and health data to allow identification and
adequate assessment and management of risk,

(b) Participating, along with workers’ representatives2® and government, in the
development of strategies for improving safety and health through the tripartite statutory
advisory committees (the Coal Mining Safety and Health Advisory Committee and the
Mining and Quarrying Advisory Committee),

(c) Discharging obligations in respect of health assessments and health surveillance,

(d) Proactively reviewing the safety and health management system to ensure it is effective
and adapts to the changing environment of complex mining operations.

19 Details provided by the DNRME.
20 Refer Appendix A for further explanation of this role.
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2.8 Further Roles

Further statutory roles exist in the industry, such as the site senior executive, the underground
mine manager for coal, the Industry Safety and Health Representatives (ISHR), and the District
Workers’ Representatives. Further details on these roles are presented in Appendix A.

2.9 Summary

The purpose of this section is to provide an overview of the industry, with the key takeaway
being the number of hours worked. This information will be used to calculate incident frequency
rates later in the report, e.g., number of incidents per million hours worked. In general, these
hours have risen since 2000, reaching a peak in 2012/13. Since then they decreased to a low
around 2015/16, before increasing again.
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3.

3.1

FATALITIES (2000-2019)

Introduction

Prior to January 2000, a total of 1,451 workers had lost their lives in the Queensland mining and
quarrying industry since records began in 187721,

A total of 47 mining industry fatalities occurred between January 2000 and the end of July

2019

22

This section provides a brief overview of the 47 fatalities, examines the industry’s fatality cycle,
introduces the causal diagrams used to analyse the factors involved in each fatality, and

discu

3.2 Overview of Fatalities from 2000 to July 2019

sses the causal factors common across the fatalities.

The physical causes of the 47 fatalities can be grouped as follows:

Vehicle accident (15), including:
o Worker was driver or passenger,
o Collision with pedestrian,
Contact with machinery (12), including:
o Struck by moving/falling object,
o Entangled/crushed in machinery,
Rib/roof/rock fall (10),
Fall from height (4),
Tyre failures (4),
Fire (1),

Irrespirable atmosphere (1).

Figure 4 illustrates the number of fatalities that occurred in each financial year for the review
period.
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https://www.business.qld.gov.au/industries/mining-energy-water/resources/safety-health/mining/accidents-

incidents-reports/investigations-inquiries

Other mine worker fatalities occurred during this period, for example due to natural causes as opposed to a
workplace incident, and they are not included in this review. This review also does not include one fatality that

occurred post July 2019 — Mr Bradley Duxbury at Carborough Downs, 25 November 2019.
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Figure 4 Number of fatalities per financial year

The only financial year where no fatality occurred was 2015/16. In the 2018/19 year there were
5, with a further occurring on the 7th of July 2019 — culminating in 6 fatalities for the 13 month
period.

Figure 5 illustrates the worker type for each of the fatalities split across each sector, excluding
those where the deceased was not a worker23

Fatal Accidents by Sector by Worker Type
BN Employee B Contractor

on
ion

@ @ =
coniorenes i--

Metalliferous Underground .

Coal Explorat
Metalliferous Other

Metalliferous Open Gut.
e .
Coal Underground .

Metalliferous Explorat

Figure 5 Distribution of fatalities for employees and contractors per industry sector

The fatality rates per worker type per industry sector are presented in Figure 6. For example,
the employee fatality rate is the number of employee fatalities per 1 million hours worked by
employees for that sector. The highest fatality rate is in quarries, followed by underground
minerals.

Fatal Accidents Frequency Rate by Sector by Worker Type
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Figure 6 Fatality rates for both employees and contractors per sector

2 Two children and one mine site visitor were excluded.
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3.3 The Cyclical Nature of Fatalities

Figure 7 shows the number of fatalities that occurred per financial year since 1900. The review
period is highlighted in yellow.
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Figure 7 Number of fatalities per financial year from 1900 to July 2019

A considerably higher number of fatalities occurred per financial year between 1900 and 2000
than occurred in the review period. Figure 8 presents the 12 month rolling sum for the past 119
years. Each point in the chart represents the number of fatalities that occurred in the previous
12 months.
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Figure 8 12 month rolling sum of fatalities from 1900 to 2019 24

24 The large spikes in the plot represent multiple fatalities from well-known mining disasters:

e Moura No. 2 Underground Coal Mine in 1994 (11 fatalities),
e Moura No. 4 Underground Coal Mine in 1986 (12 fatalities),
e Kianga No. 1 Mine in 1975 (13 fatalities),

e Box Flat No. 7 Colliery in 1972 (17 fatalities),

e Mount Mulligan Colliery in 1921 (75 fatalities).
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As discussed in Section 2, following the Moura No. 2 disaster a process was initiated that
resulted in new legislation5. The improvement due to this legislation, combined with any
additional safety initiatives undertaken over the same period, is evident in the figure above.
Since its introduction there have been no multiple-fatality disasters and the overall number of
fatalities for any 12 month period has reduced. However, while the 1999 legislation has made
significant progress, it has been insufficient to reduce fatalities to zero in the long term. What is
now required is a new approach to reduce the number of fatalities further.

Considering the review period alone, the 47 fatalities that occurred are equivalent to an average
yearly fatality rate of 2.4 per year. Figure 9 shows the cumulative sum of the fatalities, with each
represented as a vertical step, e.g., the 4 fatalities that occurred in quick succession during
2000 are evident in the left-hand side of the chart.
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Figure 9 Cumulative sum of fatalities for the review period

The chart illustrates that the industry has periods where a significant number of fatalities occur
over a short period of time, as illustrated by steps in quick succession, followed by periods
where few to no fatalities occur, as illustrated by the flat horizontal sections in the chart. Figure
10 shows the same chart with the blue line representing an indicative average yearly fatality rate
of 2.4 per year.
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Figure 10 Cumulative sum of fatalities for the review period

This chart shows that while there are time periods with few or no fatalities, fatalities will occur,
given time, in quick succession, which will have the effect of returning the overall average yearly
fatality rate to approximately 2.4 per year. In other words, this chart suggests that in these
periods of few or no fatalities, the industry is essentially banking fatalities for some point in the
future. The 6 fatalities that occurred between July 2018 and July 2019 have been described by
some in the industry, media and politics as evidence of an industry in crisis, but a bleaker
assessment is that this is an industry resetting itself to its normal fatality rate.

25 The Coal Mining Safety and Health Act 1999 and Mining and Quarrying Safety and Health Act 1999.
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The same information can also be presented, as in Figure 11, as a 12 month rolling sum - each
point on the graph represents the total number of fatalities that occurred in the previous 12
months. For example, in early 2015, 6 fatalities occurred in the previous 12 month period.

12 Month Rolling Sum of Fatal Accidents
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Figure 11 12 month rolling sum of fatalities

A fatality cycle is evident in this figure. The industry has periods when fatalities occur, followed
by periods where there are few to none. For example, in early 2014, no fatalities occurred in the
previous 12 months. Then over the course of the next 12 months, 6 occurred. This was then
followed by period - from early 2015 — where there were no fatalities. The cycle then repeats
itself.

From 2000 onwards the industry has continued to cycle between 0 and 6 fatalities. The cycle
further suggests that periods with few to no fatalities should be viewed as simply part of the
fatality cycle - they are not evidence of the industry becoming safer over the long term. Instead,
further fatalities should be expected as the cycle continues.

While it is possible that this cycle is coincidental — the dataset is relatively small — it has proven
surprisingly resilient over the past 19%% years?6. If the industry continues to take a similar
approach to safety, using the same philosophy and methodologies as have been adopted over
the past 192 years, then similar safety outcomes should be expected. There will be periods
where a significant number of fatalities occur, followed by periods where there are few to none.
Past behaviour suggests that in the order of 12 fatalities are likely to occur over any 5 year
period.

3.4 Nature and Cause Reports~

The Mines Inspectorate conducts investigations into complaints, fatalities and, where
appropriate, other incidents, such as Serious Accidents and High Potential Incidents?28.

A core purpose of an incident investigation is to establish the incident’s nature and cause — put
simply, what happened and what caused it to happen. The inspectorate conducts nature and
cause investigations using the Incident Cause Analysis Method or ICAM, a commonly used
model in safety investigations that incorporates human factors and risk management principles.
The findings of these investigations are presented in Nature and Cause reports prepared by the
Regulator (hereafter referred to as Nature and Cause Reports). The other purpose of incident
investigations is to identify potential contraventions of statutory obligations, which may give rise
to enforcement action.

While these Nature and Cause Reports analyse and document each fatality in detail, they are
not traditionally released by the Regulator. Reports have only been published for 3 of the 47
fatalities: Goonyella Riverside (2017), Newlands Open Cut Mine (2016) and Grasstree Mine
(2014).

26 Mining fatalities in Western Australia also exhibits a cycle, although it is different to Queensland and the cycle
appears to change from 2013 onwards.

27 Details of the Nature and Cause Reports were provided by the Regulator.

28 Details of each of these incident types are discussed in Section 4.
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3.5 Introduction to Fatality Causal Diagrams

As part of this review it was necessary to condense the details of each fatality into a format that
allowed their causal factors to be readily compared. The method chosen was to use fatality
causal diagrams?.

These causal diagrams allowed the various contributing factors of each fatality to be
represented on an A4 sized page. A total of 47 fatality causal diagrams were produced in this
review, and a significant number are reproduced in Appendix B30, These causal diagrams, as
well as being central to this review, were also produced as a resource for the mining industry.
They are intended to be read and discussed.

These diagrams do, however, provide confronting details regarding each fatality, which some
readers may find distressing. While these diagrams have attempted to avoid insensitivity, there
were, however, many instances where direct language was required in order to provide a clear
and concise description of how the fatality occurred.

In the preparation of these causal diagrams, it was assumed that the Nature and Cause reports
prepared by the DNRME were factually accurate descriptions of the fatalities. There were a
number of reasons for this assumption: typically the reports were comprehensive and of good
quality; in many cases they would have been difficult to independently substantiate; and, finally,
the focus of this review was not to re-investigate each fatality, but rather to use the information
available to identify trends across the 47 fatalities. The fatality causal diagrams presented in this
report, therefore, are a visual representation of facts already determined by the DNRME and
presented in the Nature and Cause reports.

Each fatality causal diagram was produced as follows:

1. The key factors for each fatality were identified from the Nature and Cause report and
reproduced in visual form,

2. Each fatality causal diagram was then reviewed by an inspector of mines to ensure its
accuracy,

3. Where no Nature and Cause reports existed, as was the case for some of the recent
fatalities, these causal diagrams were prepared directly by an inspector of mines.

29 Other visual methods, such as the bowties or fault tree analysis, could have been selected, but causal diagrams

were chosen for their simplicity.

However, it was determined by the DNRME that the diagrams from June 2018 onwards would not be reproduced
out of sensitivity to the families and friends of the deceased and/or because of the potential for enforcement
action.

30
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3.6 Causal Diagram Example

Figure 12 shows an example of a causal diagram. The remainder of this section will step

through the various elements of the diagram. Each diagram has four headings, separated into

physical, individual, supervision, and organisational categories3'.
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Figure 12 Example Casual Diagram

There exists some subjectivity with respect to the placement of some causal factors under the various categories.
Some readers may disagree with the placement, but such disagreement is unlikely to change the conclusions

with respect to causal factors for the individual fatalities.
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Figure 13 presents the nodes under the physical heading.
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Figure 13 Physical factors in the fatality

Causal diagrams are typically read by starting in the bottom left-hand node. This node describes
how the fatality occurred. In this case a worker received fatal injuries from being thrown from,
and pinned under, a bus.

Two factors contributed to the worker being pinned under the bus:
e The bus rolled over,
e The worker, a passenger, was thrown from the bus.

A solid line connecting nodes indicates that the factor played a direct causative role in the
fatality. The removal of one of these nodes would have likely resulted in the fatality being
avoided. In the example above, both the bus rolling over and the worker being thrown from it
were necessary for the fatality to occur.

Causal diagrams can also include dashed lines. Dashed lines indicate that a particular factor
may have contributed to the fatality, but may not be directly causative. In other words, the
fatality may still have occurred even in the absence of this factor.
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The passenger was thrown from the bus because of two factors:
e The passenger was not wearing a seatbelt,

e The extended rear design of the bus had the effect of throwing the passenger faster
than was expected.

The bus rolled over because:
e It collided with a safety berm, which was not designed to the appropriate standard32.

Figure 14 shows the addition of the individual heading to the diagram, which describes the role
of individual actions in the fatality.

Physical Individual
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Y v
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injuries after he is Worker not wearing | |
thrown from, and seatbelt ,
pinned under, the bus '

Figure 14 Physical and Individual factors in the fatality
The bus collided with the safety berm because:
e The bus driver crossed over onto the wrong side of the road.

Figure 15 shows the causal diagram with the supervision heading added. This heading
examines the role supervision, or a lack of supervision, played in the fatality.

32 A safety berm is a raised barrier made of dirt and rock along the side of the roadway.
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Physical Individual ; Supervision
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Figure 15 Physical, Individual, and Supervision factors for the fatality

The safety berm had not been designed in accordance with the required standard and this
hazard was not identified because:

e The supervisor, Open Cut Examiner (OCE) and inspectors did not notice that the safety
berm did not meet the required standard.

While the deceased was required to be wearing a seatbelt, the bus driver did not ensure all
passengers were wearing them. However, while this may have been a requirement from a
supervisory perspective, the driver was unable to easily confirm passengers were wearing seat
belts in practice because he could not visually check from his position in the driver’s seat.
(Checking would have required the driver to exit the vehicle and visually check by looking in the
door used by the passengers.)

Figure 16 includes the organisational aspects of the fatality. This heading captures all the
remaining relevant factors involved.
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Figure 16 Physical, Individual, Supervision and Organisational factors for the fatality

The diagram illustrates how the physical and supervision aspects of the fatality relate to factors
at a higher level in the organisation:

e The substandard safety berm was not identified because inspections were not
conducted as required. Further, there was no system in place to hold people
accountable for a lack of adequate inspections,

e The extended rear design of the bus was not identified in the risk assessment due to a
lack of content experts involved in the assessment process,

e The risk assessment did not identify that the driver was unable to visually monitor if
passengers were wearing seatbelts from the driver’s seat,

¢ Optional seatbelt alarms were not fitted to the rear seats of the bus. The lack of content
experts involved in the risk assessment process contributed to this situation.

The sections that follow discuss some of the key findings from an analysis of the causal
diagrams. The reader is encouraged to briefly review these diagrams, presented in Appendix B,
prior to proceeding.

The sections that follow summarise some of the key findings from the causal diagram
analysis3. They do not specifically focus on the technical details of each fatality, e.g., why did a
tyre burst, why did a piece of machinery fall? While these details are, of course, important in
terms of stopping reoccurrence of similar incidents, the purpose of this discussion was to
highlight the macro trends evident across the 47 fatalities. Therefore, there is a focus on the role
played by non-technical aspects, such as the wider human and organisational factors, including
supervision, training, and human error.

It is the identification of these wider aspects that provides an opportunity to identify the systemic
failures that are occurring in the Queensland mining industry.

33 This report does not specifically discuss the various incident models, such as the bird safety triangle or the swiss

cheese model. Hopkins (2013) does provide an excellent description of both, and the findings of the causal
diagrams are certainly consistent with such models, particularly the swiss cheese model.
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3.7 Role of Age in Fatalities

Figure 17 shows the significant spread in the ages of the deceased. This chart challenges the
oft repeated view that fatalities typically occur to younger workers behaving in a reckless
manner. While there are a number of fatalities in the 18 to 25 year old range, a significant
number were older. Age does not, however, equate to experience, but data was unavailable
with respect to worker experience or time in the role3+.

Ages of People Fatally Injured
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4 sl_ B
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70 75 80 85

Figure 17 Ages of fatalities3®

3.8 Role of Human Error in Fatalities

A common view in the mining industry is that human error plays a substantial role in fatalities.
This includes accidental error, as well as errors due to workers deliberately ignoring safety
procedures and conducting activities in an unsafe manner. A common risk management term in
the industry is lapses in concentration. Anecdotally, while a number of people in the mining
industry have described the detailed investigations that occur in the aftermath of an incident,
which includes the consideration of organisational factors, many have also expressed a view
that industry investigations often stop at the point where human error is identified as playing a
causative role in an incident.

Based on discussions with those in the industry there is no doubt that human error, both
accidental and deliberate, occurs. However, human error alone did not cause the majority of the
47 fatalities examined in this review. Almost all were the result of systemic, organisational,
supervision, and/or training causes - either with or without the presence of human error.

Of the 47 fatalities, 17 involved no human error at all on the part of the deceased.

3.9 Role of Training in Fatalities

A total of 17 of the 47 fatalities involved a lack of task specific training and/or competencies for
the tasks being undertaken. A further 9 had inadequate training. These tasks were often
undertaken at the direction of supervisors or others who were aware of these deficiencies.

An example of a fatality demonstrating a lack of training occurred at Foxleigh in 2005. A worker,
who was not trained or assessed as competent, did not deflate a tyre prior to removal, which is
a requirement of the national standards. The mine site also did not communicate changes in its
tyre fitting procedure to the contracting company. These failures led to a sudden release of
pressure that propelled components of the rim assembly, which struck the worker and caused
fatal injuries.

This finding is consistent with a fatality review undertaken in Western Australia in 2014
(hereafter referred to as the WA Fatality Review), which found that a lack of compliance with

34 The regulatory framework does not require worker experience in the industry nor time in role to be reported.

35 The extreme ages are 2, 7 and 82. The 2 and 7 year olds were children that died on mine sites, the 82 year old
was an opal miner.
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safe work procedures were major contributing factors to fatalities, as well as the worker’s short
duration at the mine site36. The WA Fatality Review regarded these two factors as reflecting a
lack of training and familiarisation on behalf of the deceased worker3”.

3.10 Role of Supervision in Fatalities

In 32 of the 47 fatalities, supervision was required for the tasks being undertaken, i.e. the 32 did
not include routine tasks, such as driving.

25 of the 32 fatalities involved inadequate or absent supervision.

There were a variety of supervision issues, such as absent supervision, supervisors with
inadequate knowledge of the hazards and level of risk, and supervisors who watched as
workers undertook unsafe acts. An example of absent supervision occurred at Castle Creek
Quarry in 2008, where supervision was absent for much of the time when the work was being
performed. An example of inadequate supervision occurred at Wongabel Quarry in 2006, when
the supervisor observed a worker driving a loader with the bucket too high, but did not
intervene. A fatality occurred when the loader struck another worker.

Regarding supervision, the Queensland legislation is clear with respect to coal mines: ‘A
supervisor at a coal mine is a coal mine worker who is authorised by the site senior executive
to give directions to other coal mine workers in accordance with the safety and health
management system’38. The legislation is also clear regarding a supervisor’'s competency. A site
senior executive must not assign the tasks of a supervisor to a person unless the person ‘is
competent to perform the task assigned’3®. The site senior executive must ensure ‘adequate
supervision and control of coal mining operations on each shift at the mine’4° and ‘adequate
supervision and monitoring of contractors and service providers at the mine’4!. The Queensland
legislation also includes similar provisions for Mineral Mines and Quarries*2.

The WA Fatality Review also highlighted major deficiencies in supervision. From analysis of the
52 fatalities which occurred during this time period, it was found that ‘44 per cent of fatal
accidents occur under the supervision of a person in their first year in the role, with 6 per cent in
the first month’43.

The WA Fatality Review further found that almost ‘a quarter of fatalities involved a supervisor in
their second and third year in the role’ and overall ‘68 per cent of fatalities occurred during the
supervisor’s first three years in the role’44. The WA Fatality Review recommended in its Areas
for Improvement that the ‘training of supervisors is regarded as a key issue in accident
prevention’4°,

The WA Fatality Review concluded that this data ‘shows that new and inexperienced workers
are at particular risk’ and required ‘close supervision’ and adequate safety training“.

36 Government of Western Australia, Department of Mines and Petroleum, (2014), Fatal accidents in the Western

Australian mining industry 2000-2012

Data in the form of number of years as a supervisor or number of years worked in the industry was unavailable for
Queensland mines.

38 Section 26 of the Coal Mining Safety and Health Act 1999 (Qld). Emphasis on ‘supervisor’, ‘authorised’ and ‘to
give directions to other coal mine workers’ added.

39 Section 56(a) of the Coal Mining Safety and Health Act 1999 (QId).
40 Section 42(f)(iii) of the Coal Mining Safety and Health Act 1999 (QId).
41 Section 42(i)(vi) of the Coal Mining Safety and Health Act 1999 (QId).

42 Section 23 of the Mining and Quarrying Safety and Health Act 1999 (Qld); Section 51(a) of the Mining and
Quarrying Safety and Health Act 1999 (QId); Section 39(1)(i)(iii) of the Mining and Quarrying Safety and Health
Act 1999 (QId); and Section 39(1)(i)(vi) of the Mining and Quarrying Safety and Health Act 1999 (Qld).

43 WA Review, Section 4.5.
44 WA Review, Section 4.5.
45 WA Review, Section 6.6.

46 The WA Mining Review considered the duration of the deceased in their professional role and their duration of
work at the particular mine site where the fatality occurred. In the former, the review found that in 48% of the
fatalities, the deceased/worker had been in their role for two years or less. (WA Review, Section 4.3)
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3.11 Role of Training and Supervision in Fatalities

17 of the fatalities involved a lack of training for the specific task they were undertaking and
inadequate or absent supervision.

For example, a fatality occurred at Grasstree Mine in 2014 where a worker, who was not
assessed as competent, was sent to calibrate a gas detector. The worker was unsupervised
and not familiar with the area of the mine. These factors led to the worker being unaware of the
presence of an irrespirable atmosphere, which led to his death.

3.12 Role of Controls in Fatalities

The majority of the 47 fatalities involved at least one failed or absent control that could have
prevented the fatality. This absence of effective control often was a result of decisions both
related and unrelated to the deceased, e.g., wearing a seatbelt or the substandard design of a
berm. The underlying factors for these absent controls often stemmed from decisions made at a
supervisory and organisational level in organisations. This is evident in the bus roll-over fatality
discussed earlier, where there is a clear link between the substandard safety berm and the
absence of safety inspections conducted by the mine-site.

In one case effective controls were removed and replaced by redundant ones. An edge
protection safety bund was removed and replaced with an administrative control. A worker fell
from the 11 metre high bench, while operating machinery, and was fatally injured.

Evident in the failure of controls is a failure of administrative controls. Administrative controls are
typically in the form of procedures or directives. An example is a sticker on a vehicle’s
dashboard directing passengers to wear seat belts. Other examples are signs prohibiting people
from entering certain areas, or procedures relating to how to complete a task. These examples,
however, are more easily bypassed than other forms of control (e.g., removal or isolation of the
hazard) and require worker awareness and adherence. As will be discussed in a later section,
the majority of the reported industry responses to incidents are in the form of administrative or
other less effective controls, as opposed to elimination, substitution or isolation. Given this
finding, the role of a failure of controls in fatalities is not unexpected.

3.13 Role of Known Faults

There were 10 fatalities involving known faults, where individuals were aware of them, but no
action was taken.

For example, in the Hyde Park Station incident of 2008, individuals at multiple levels in the mine
were aware that a vehicle had faulty brakes. The company had no defect reporting process, had
no Safety and Health Management System (SHMS) and relied on the contractor's SHMS. The
day before the fatality occurred, there was a near miss with the very same truck, but no action
was taken.

At Mt Norma Mine (2004) a track-mounted pneumatic drill with known faults was involved in a
fatality. It had a range of mechanical faults, including faulty brakes, a faulty tramming control
lever4” and fractured track axles. It hadn’t been repaired because the site had a reactive
approach to maintenance, rather than a preventative maintenance approach“s.

47 The tramming control lever controls the movement of the drill’s tracks, allowing the operator to drive and steer the

machine.
In other words, maintenance was typically undertaken when a breakdown occurred, rather than being undertaken
to prevent a breakdown.

48
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3.14 Role of Near Misses

9 fatalities had known near misses occur prior to the fatality. In some cases, prior fatalities had
occurred in a similar manner.

For example, at George Fisher Mine there had been 3 fatalities involving workers driving into
open voids prior to the 2009 fatality. The worker who died in 2009 was recorded as a witness to
one of the previous fatalities.

Two of the fatalities occurred where either the worker, or the equipment, was involved in a near-
miss incident the day before the fatality. This is evident in the Hyde Park Station fatality of 2008:
a truck rolled backwards into a tree due to faulty brakes. The site did not report or act on this
incident and the next day the same truck rolled backwards into a gate, causing fatal injuries to
the worker.

3.15 Role of Pre-existing Medical Conditions in Fatalities

A worker’s physical condition played a role in a small number of fatalities. There are two cases
where the worker’s pre-existing medical condition may have compromised their ability to survive
the incident. There were also two cases where a worker’s poor eyesight and/or poor hearing
may have led to a lack of awareness of potential hazards.

3.16 Role of Drugs and Alcohol in Fatalities

3 of the 47 fatalities involved the use of alcohol or drugs, but in two cases played no causative
role in the fatality4°.

For example, in the Mt Isa Mines Copper Smelter fatality in 2013, a worker had
methamphetamine in their system. The fatality occurred when the worker was struck by a pump
that fell as it was being lifted by a crane®0. In addition, a lack of supervision and training led to
the workers performing the task against the Original Equipment Manufacturer’'s (OEM)
requirements. A lack of controls, such as a barricade around the drop zone, also played a role in
the fatality.

49
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Based on the findings of the Nature and Cause Reports.
Based on the findings of the Nature and Cause Report.
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3.17 Summary

While the 1999 legislation has made significant progress in reducing the number of fatalities, it
has been insufficient to reduce them to zero in the long term. The 47 fatalities that have
occurred during the review period are equivalent to an average yearly fatality rate of 2.4 per
year. Further, a fatality cycle is evident in the industry — there are periods when fatalities occur,
followed by periods where there are few to none. If the industry continues to take a similar
approach to safety, using the same philosophies and methodologies adopted over the past 19
years, then similar safety outcomes are to be expected. Past behaviour suggests that in the
order of 12 fatalities are likely to occur over any 5-year period.

For the 47 fatalities, a superficial examination of their causes gives the impression that many
were freak accidents, that events transpired in such a way that could never have been
anticipated. This impression can inspire fatalism: how can workers be protected against such
freak accidents? It can reinforce the notion that mining is a hazardous industry and fatalities
simply cannot be avoided.

The majority of fatalities, however, were not freak accidents. Many showed significant (and often
unintended) interactions between factors across various levels in the mine site, e.g., individual,
supervisory and organisational. Many were preventable, and there was rarely a single cause.
They were typically the result of a combination of banal, everyday, straightforward factors, such
as a failure or absence of controls, a lack of training, and/or absent or inadequate supervision.
This is likely to be an uncomfortable finding for many: there is a tendency to assume that bad
outcomes must have equally bad causes, especially when a fatality occurs. This was not the
case — there were few smoking guns.
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4. INCIDENTS AND INJURIES (2000-2019)

4.1 Introduction

A detailed analysis of the reported incidents in the Queensland mining industry was undertaken
as part of this review.

This section introduces the various types of incident data collected by the Regulator, sets out
the reasons for doing so, and provides an analysis of the key findings and trends in this data.
This section will not examine or discuss all the available incident data, rather it will provide an
overview of the key trends. A history of the manner in which the Regulator has collected data
over the review period is included in Appendix C, and a complete presentation of the data is
available in Appendix D. This analysis focuses on the industry as a whole, although some
sector specific findings are presented in Appendix D.

4.2 The Regulator and Incident Datas

The Regulator is required to keep a database of hazards associated with mining operations,
methods of controlling hazards, lost time injuries and high potential incidents under Section 280
and Section 260 of the Coal Mining Safety and Health Act 1999 and Mining and Quarrying
Safety and Health Act 1999, respectively.

However, while the Regulator puts considerable effort into the collection of this data, it has been
of limited value to the industry®2. This limitation exists for the following reasons:

o While there have been improvements within the Regulator's approach to data collection
and scrutiny in recent years, there are historical issues regarding the integrity of the
data®3,

o While the Regulator does provide some data to industry, typically in the form of Safety
Alerts, Safety Bulletins, workshops and presentations, it does not make the data available
in a manner that would enable industry to perform analysis to identify emerging trends,

e The Regulator does not typically publish in-depth analysis of the data in a manner that
would assist industry to identify emerging trends.

51 Information provided by the DNRME.

52 The site senior executives of mines and quarries have obligations to notify the Regulator of fatalities, Serious
Accidents and high potential incidents, as well as various statistics, including lost time injuries and hours worked.
This information is collected to perform analysis and provide stakeholders with details on industry safety and
health, to focus industry attention on emerging areas of risk and to encourage implementation of strategies to
improve safety and health performance. This database also informs regulatory priorities.

These significant data integrity issues had to be addressed as part of this review. That process is discussed in the
Appendix D.

53
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4.3 Incident Data Types

The following incident types were analysed in this review5:

e Serious Accidents®%: are accidents that result in a) the death of a person or b) a
person admitted to hospital as an in-patient for treatment of their injury%®. The Serious
Accidents considered in this review are those specifically reported to the Regulator as
Serious Accidents. Systematic reporting of this incident type commenced in 2012. A
total of 589 Serious Accidents are considered in this review,

e Lost-Time Injuries (LTI): is an injury resulting in the injured person being unable to
work the next day or a longer period, whether they are rostered to work or not®’. A total
of 9,202 LTlIs are considered in this review,

¢ High Potential Incidents (HPI): is an event, or a series of events, that causes or has
the potential to cause a significant adverse effect on the safety or health of a person®8.
A total of 34,690 HPIs are considered in this review>°.

Based on these definitions it is possible for an event or accident to be one or more of these
categories. For example, a fatality is a Serious Accident, and also a HPI. Fatalities are also
classed as LTls, with the lost time reported as equivalent to 220 days®°. LTIs can also be HPIs,
but in some cases they are not HPls, e.g., a slip and fall could result in a LTI, but not be a HPI.
As HPIs include events that may or may not injure a person, the HPIs that result in no injuries
provide valuable information with respect to where potential hazards exist in the industry.

4.4 Serious Accident Analysis

As discussed above, a Serious Accident is an accident that resulted in a) a fatality or b) the
worker being admitted to hospital for treatment.

Figure 18 shows the number of Serious Accidents reported to the Regulator per sector. The
data is separated by worker type, e.g., employee or contractor.

54
55

These definitions will be adopted throughout this report.

Note that the Regulator records Serious Accidents on an event basis, as opposed to a person basis. For

example, if a Serious Accident injures 2 people who are admitted to hospital for treatment, then this is recorded

as 1 Serious Accident. This method of recording differs from LTI reporting, which counts LTls on a per person

basis. For example, if a single event occurs and two people are hurt, this is counted as 2 LTls. However, the

Regulator does keep a record of each person involved in the Serious Accident.

While the Regulator records Serious Accidents on an event basis, this report considers them on a person basis —

i.e. if three people were involved in a single event, and two of them are admitted to hospital for treatment, then

this is counted as two Serious Accidents in this report.

56 Section 16 of the Coal Mining Safety and Health Act 1999 (Qld); Section 17 of the Mining and Quarrying Safety
and Health Act 1999 (Qld)

57 Section 16 of the Coal Mining Safety and Health Act 1999 (Qld); Section 260 of the Mining and Quarrying Safety
and Health Act 1999 (Qld)

58 Section 280 of the Coal Mining Safety and Health Act 1999 (QId); Section 18 of the Mining and Quarrying Safety

and Health Act 1999 (Qld)

Note that the Regulator records HPIs on an event basis, as opposed to a person basis. For example, if a HPI

involves 2 people, then this is classed as 1 HPI. This method of recording differs from LTI reporting, which counts

LTIs on a per person basis. For example, if a single event occurs and two people are hurt, this is counted as 2

LTls.

Equivalent to 52 5-day work weeks, less 10 sick days, 10 public holidays and 20 days recreational leave.
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Serious Accidents by Sector by Worker Type
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Figure 18 Distribution of Serious Accidents per sector

Figure 19 shows a comparison of the Serious Accidents per sector compared to the fatalities
per sector. In general, the distributions of Serious Accidents and fatalities are similar - the
sectors with the highest number of Serious Accidents typically have the highest number of
fatalities — with the exception of coal underground.
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Figure 19 Distribution of Serious Accidents and Fatalities per industry sector for employees and
contractors

Figure 20 illustrates the distribution of Serious Accidents per financial year. The number of
Serious Accidents has generally trended upwards over the past 5 years, however, so too has
the hours worked over the past 4 years®'.

61 Serious Accident Frequency Rates, in terms of the number of Serious Accidents per 1 million hours worked, are
presented in later sections
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Serious Accidents by Financial Year
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Figure 20 Distribution of Serious Accidents per financial year

The remainder of this section focuses on the key findings of the analysis, but general details of
the nature and causes of Serious Accidents are presented in Appendix D.

Firstly, the corrective actions put in place after an incident, typically to prevent reoccurrence, are
examined. Corrective actions can be grouped into a commonly accepted hierarchy of control
categories. Figure 21 shows an example of this hierarchy, from most effective (eliminate the
hazard or substitute it), to least effective (administrative controls and personal protective
equipment).

HIGHEST_ A

Isolate

Engineer

Reliability of control measures

< Level of health and safety protection >

<

LOWEST LEAST

Figure 21 Typical hierarchy of controls®?

In the hierarchy, elimination, substitution, isolation and engineering controls are typically
referred to as hard controls, whereas administrative and Personal Protective Equipment (PEE)
controls are referred to as soft controls.

Figure 22 shows the corrective actions reported to the Regulator in the aftermath of a Serious
Accident. Note that for some incidents multiple corrective actions were applied, but in the charts
that follow only the most effective controls are presented, e.g., if an incident is responded to with
an engineering control and an administrative control, then the higher level engineering control is
presented.

62 https://ppl.app.uqg.edu.au/content/2.30.01-occupational-health-and-safety-risk-management.
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Highest Level of Corrective Action Applied after Serious Accidents for All Mines
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Figure 22 Controls actions in the aftermath of a Serious Accident

This chart shows that less than 30% of the controls applied in the aftermath of Serious
Accidents were hard controls. The single largest category of control was administrative controls
at 62%. Figure 23 shows how the application of the various control types has changed over the
years.
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Figure 23 Controls put in place in the aftermath of a Serious Accident per financial year
(normalised)

Administrative controls are the single largest category of controls applied%. Hard controls
peaked in the 2016/17 year at approximately 50%.

If this reporting is representative of how the industry actually responded to Serious Accidents in
practice, then it is concerning. It means that a hazard, which had the demonstrated capacity to
kill or require a person be admitted to hospital for treatment, was responded to with a control
that was among the least effective in the hierarchy.

Also reported for Serious Accidents was an assessment of a) whether or not a hazard was
identified, and b) if so, was it adequately controlled. Table 1 shows the various definitions
adopted, and Figure 24 shows the results for the review period.

63 Examples of some of the administrative controls reported include: ‘No contract work is to commence on site

unless authorised by the SSE and SWI's and Risk Assessments in place and signed off by all involved.’
‘Reinforce the reporting process for all minor injuries received during work resulting in treatment by an external
agencies.” ‘We will be reviewing the procedure to do the work and ensure that the sequence of tasks are clearly
defined.” ‘Housekeeping standards to improve Accountability of Supervisor inspections.” ‘Importance of Reporting
all incidents has been stressed and communicated to workforce to prevent any further incident.” ‘Education
around lifting techniques.’ ‘Training of correct operations of Plant, maintenance & knowledge of guarding
requirements for the plant.’ ‘Review SWP with work group’ ‘Raise awareness of risk in toolbox meeting.’
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Table 1 Hazard Identified/Effective Controls

Hazard Identified - No Control

There was no control for the hazard even
though the hazard was identified.

Hazard Not Identified - No Control

There was no control for the hazard
because the hazard had not been identified.

Hazard Identified - Control Ineffective

A control to manage the hazard had been
implemented, but it was inadequate to
manage the hazard.

Hazard Identified - Control Bypassed

A control to manage the hazard had been
implemented, but someone bypassed that
control, contributing to the incident.

Hazard Identified - Control Unenforced

A control to manage the hazard was
theoretically in place, but it was not
enforced.

Absent or Failed Controls found in Serious Accidents for All Mines

Hazard Not Identified - No Control
Hazard Identified - No Control

Hazard Identified - Control Ineffective
Hazard Identified - Control Bypassed
Hazard Identified - Control Unenforced

Figure 24 Absent or failed controls for Serious Accidents

The largest category, at 45%, was ineffective controls — the hazard was identified, controls were
in place, but they were ineffective, and a Serious Accident resulted. The second largest
category, at 36%, was an unidentified hazard — the hazard that caused the Serious Accident
had not been identified in the past. These two categories show that approximately 81% of
Serious Accidents occurred because of a failure to identify a hazard or control it. Bypassed or
unenforced controls were less likely to play a role in Serious Accidents.

Figure 25 shows how the occurrences of these categories have changed over time.
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Absent or Failed Controls found in Serious Accidents over time by Control Type
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Figure 25 Absent/Failed controls for Serious Accidents over time

The chart illustrates that in recent years the number of Serious Accidents occurring is rising,
with both ineffective controls and a failure to identify the hazard also increasing.

As the number of Serious Accidents varies from year to year, Figure 26 shows how the
percentages of these categories have changed over time.
Absent or Failed Controls found in Serious Accidents for All Mines
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Figure 26 Absent/Failed defences for Serious Accidents over time (normalised)

From 2011/12 onwards the Serous Accidents have been predominantly caused by a failure to
identify hazards or application of ineffective controls.

4.5 High Potential Incident Analysis

A High Potential Incident (HPI) is an event, or a series of events, that causes or has the
potential to cause a significant adverse effect on the safety or health of a person.

Figure 28 shows the distribution of these HPIs across the sectors. Significantly more HPIs were
reported in open cut coal than in any other industry, however, as discussed above, significantly
more hours were also worked in this sector.
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High Potential Incidents by Sector
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Figure 27 HPIs per sector

Figure 28 and Figure 29 show a comparison between the HPIs and fatalities per sector and the
HPIs and Serious Accidents per sector.
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Figure 28 Distribution of HPIs and fatal accidents across sectors
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High Potential Incident and Serious Accident Totals by Sector
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Figure 29 Distribution of HPIs and Serious Accidents across sectors
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Figure 30 shows the distribution of HPIs, per financial year, for the review period.

High Potential Incidents by Financial Year
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Figure 30 Distribution of HPIs per financial year for the review period
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Between 2000 and 2009 there was a steady increase in the number of HPIs reported per year
to the Regulator. Figure 31 shows a distribution of HPIs per financial year per sector.
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High Potential Incidents by Financial Year by Sector
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Figure 31 Distribution of HPIs per financial year per sector
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The significant increases in HPIs reported over time are largely a consequence of increases in
HPI reporting in the open cut coal sector.

Figure 32 shows the portion of HPIs that resulted in injuries. While HPIs include fatalities,
Serious Accidents, and in some cases LTls, the majority of HPIs did not result in an injury.

High Potential Incidents by Injured or Uninjured by Sector
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Figure 32 Portion of HPIs resulting in injuries per sector

Figure 33 shows the percentage of HPIs per sector that resulted in an injury. Except for Coal
and Mineral exploration, approximately 75-85% of HPIs do not result in injuries. These HPIs are
near misses, which offer genuine opportunities for the industry to identify hazards and remove
them before they can cause harm.
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High Potential Incidents by Injured or Uninjured by Sector
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Figure 33 Percentage of HPIs resulting in injuries per sector

Figure 34 shows the corrective actions reported in the aftermath of a HPIs.

Highest Level of Corrective Action Applied after High Potential Incidents for All Mines
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Engineering control
Administrative control

Personal Protective Equipment
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No action specified

No action taken

16%

49%

Figure 34 Controls put in place in the aftermath of a HPI

The percentage of hard controls reported is in the order of 25%, with the largest category being
administrative controls at 49%. (Note that the percentage of no action specified is larger for
HPIs than Serious Accidents.) Figure 36 shows how the application of controls has changed
over the years.
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Highest Level of Corrective Action Applied after High Potential Incidents for All Mines
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Figure 35 Controls put in place in the aftermath of a HPI (normalised)

In recent years the percentage of hard controls has dropped a little and administrative controls
have grown. In the 2018/19 year the percentage of hard controls was 30% and administrative
controls were 60%. As for Serious Accidents, if these reported controls are representative of the
controls applied in practice, it is concerning. A key benefit of identifying HPIs, particularly those
involving no injury, is that they highlight hazards that exist in the system and provide an
opportunity for the industry to eliminate or control them.

If the industry is not responding with more effective controls - like elimination, substitution, or
engineering controls - then it is likely missing opportunities to effectively control hazards.
Instead of these effective controls there is a significant percentage of administrative controls
being applied, some of the least effective available. In a discussion with one senior person in
the mining industry they said that the high percentage of administrative controls was not
surprising. Their view was that because the industry places significant emphasis on the use of
procedures, it is only natural for it to automatically default to the use of more procedures, which
are administrative controls, in order to control hazards. In other words, stepping through the
hierarchy of controls in a deliberate fashion may not be occurring, rather the default may be to
simply apply administrative controls.

It was not possible to categorically determine the reason for this willingness to accept less
effective controls, but there are many potential reasons why:

¢ It may be that mining companies do not see the benefits provided by HPIs in identifying
hazards before they cause harm, and the opportunity for their subsequent control. This
is considered unlikely,

e |t may be that mining companies are not provided with the right support and funding from
higher up in the organisation in order to deal with these hazards in a more effective way
- higher order controls can be costly to implement during operations and may not be
attractive to management at site or corporate head office,

e There may be a lack of Regulator engagement in the process of selecting and following
up on the implementation of corrective actions in the industry.

Regardless of the reason for the low percentage of hard controls applied, it does suggest that
these hazards are not being removed from the system or effectively controlled. This means they
will likely remain in the industry, lying in wait for another individual to become exposed to them.
This point will be explored further in a later section.

Figure 36 shows the role played by absent or failed defences for HPIs.
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Absent or Failed Controls found in High Potential Incidents for All Mines
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Figure 36 Absent or Failed defences for HPIs

As in the case of Serious Accidents, a significant number of HPIs are the result of the hazard
being identified, but the controls ineffective, or the hazard being unidentified. Figure 37 shows
how these absent and failed defences have changed over time.

Absent or Failed Controls found in High Potential Incidents over time by Control Type
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Figure 37 Absent/Failed defences for HPIs over time

From July 2016 onwards, the number of HPIs in which the hazard was not identified has
increased, while the role of ineffective controls has decreased. Figure 41 shows how the
percentage of each of these factors have changed over time.
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Absent or Failed Controls found in High Potential Incidents for All Mines
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Figure 38 Absent/Failed defences for HPIs over time (normalised)

This chart suggests that, similar to Serious Accidents, the HPIs are predominantly the result of a
failure to apply effective controls or a failure to identify the hazard. Over recent years, the
percentage of HPIs as a result of a failure to identify the hazard is growing. One potential
hypothesis for why this may be the case is that, from discussions with numerous individuals in
the mining industry, the number of relatively inexperienced workers entering the industry is
growing. It is likely that these individuals will not have the experience necessary to recognise
and avoid exposure to hazards.

4.6 Lost-Time Injury Analysis

Lost-Time Injuries (LTIs) are injuries resulting in the injured person being unable to work the
next day or a longer period, whether they are rostered to work or not.

Figure 39 shows the distribution of LTls by worker type per sector.

Lost Time Injuries by Sector by Worker Type
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Figure 39 Distribution of LTIs per worker type per sector

Figure 40 shows the distribution of LTls reported per financial year.
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Lost Time Injuries by Financial Year
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Figure 40 Distribution of LTIs per financial year

Figure 41 shows the corrective actions taken following an LTI. Of the 9,202 LTls reported over
the review period, 61% were responded to with administrative controls only. Again, as with
Serious Accidents and HPIs, the industry response to LTls is overwhelmingly administrative in
nature.

Highest Level of Corrective Action Applied after Lost Time Injuries for All Mines
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Substitution

Isolation

Engineering control
Administrative control
Personal Protective Equipment
Under investigation

No action specified

No action taken

13%

61%

Figure 41 Corrective action in response to LTls

Figure 42 shows how the application of these corrective actions have changed over time.
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Highest Level of Corrective Action Applied after Lost Time Injuries for All Mines
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Figure 42 Corrective action in response to LTIs (normalised)

Figure 43 shows the role of hazard identification and failed controls in LTls. As with both
Serious Accidents and HPIs, the key causes of LTIs are a failure to identify the hazard or the
application of ineffective controls.

Absent or Failed Controls found in Lost Time Injuries for All Mines
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Figure 43 Absent/Failed Controls in LTls

Figure 44 shows how these factors have changed over time. The role of both a failure to identify
the hazard and ineffective controls have been increasing in recent years.
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Absent or Failed Controls found in Lost Time Injuries over time by Control Type
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Figure 45 shows the role of each percentage of these categories have changed over time.
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Figure 45 Absent/Failed defences for LTIs over time (normalised)
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4.7 Summary

Administrative controls are applied in the majority of cases in the aftermath of an incident. For
example, in the 2018/19 year, administrative controls were applied in 60% of HPIs, 68% for
Serious Accidents, and 60% for LTIs. By contrast, the total hard controls never exceeded 30%

for the same year.
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An analysis of the causes of these incidents shows that the majority are caused by either a
failure to identify the hazard or ineffective controls being in place.
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5. OVERALL INDUSTRY BEHAVIOUR

5.1 Introduction

This section examines the relationship between the hours worked in the industry with respect to
fatalities, Serious Accidents, HPIs and LTls.

While some may be of the view that incidents are random and unpredictable events, this review
found that there are several underlying relationships that suggest incidents are reasonably
predictable. These relationships provide valuable insight into the overarching behaviour of the
industry.

5.2 Incident Frequency Rates

Frequency Rates for each incident type are defined as the number of incidents per month or
year divided by the number of hours worked for the same period. For example, the yearly
Fatality Frequency Rate is the number of fatalities that occurs in a certain year divided by the
number of hours worked for that year.

Figure 46 shows the Fatality Frequency Rate for each financial year®*. The rate was higher for
the earlier part of the review period and was trending downwards, but it has increased again in
the 2018/19 year.

Fatal Accidents Frequency Rate by Financial Year
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Figure 46 Fatality Frequency Rate per year

Figure 47 shows the Fatality Frequency Rate split for employees and contractors. The spike in
the employee rate is evident and associated with the significant number of employee fatalities in
the 2018/19 year. This significant increase in the employee Fatality Frequency Rate does not
support the view that employees work in a safer manner than contractors, as has been
expressed by many in the course of this review.

64 The Fatality Frequency Rate should not be confused with the average yearly fatality rate of 2.4 per year

discussed in Section 3. The average yearly fatality rate was the average number of fatalities that occurred per
year irrespective of number of hours worked.
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Fatal Accidents Frequency Rate by Financial Year
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Figure 47 Fatality Frequency Rate for Employees and Contractors

Figure 48 shows the Serious Accident Frequency Rate per year, which is continuing to trend
upwards.

Serious Accidents Frequency Rate by Financial Year
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Figure 48 Serious Accident Frequency Rate per year®®

Figure 49 shows the Serious Accident Frequency Rate for both Employees and Contractors.
While the contractor rate is higher, the rates are reasonably comparable.

Serious Accidents Frequency Rate by Financial Year
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Figure 49 Serious Accident Frequency Rate for employees and contractors

65 As discussed earlier in this report, the Serious Accidents were introduced in 2012.
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This increasing trend in the Serious Accident Frequency Rate is concerning. This rate, as will be
discussed later in the report, is a real indicator of the level of safety in the industry. It is less
susceptible to manipulation - to qualify as a Serious Accident the individual is required to be
admitted to hospital for treatment - so it is a genuine measure of the number of people being
seriously hurt in the industry. An increasing Serious Accident Frequency Rate indicates that a
higher percentage of the workforce require hospitalisation for injuries than in the past.

Further, as was discussed with respect to the Fatality Frequency Rate, many have expressed
the view that contractors work in a less safe manner than employees. While the Serious
Accident Frequency Rate for contractors is higher than that of employees, they still are
reasonably comparable - a contractor is more likely to suffer a Serious Accident than an
employee, but both are generally trending upwards. Conversely, this data does not support the
view that employees work in a considerably safer manner than contractors.

5.3 HPI and Hours Worked Relationship

Figure 50 shows both the number of HPIs reported per month and the number of hours worked
per month. The number of HPIs reported follows a similar overall trend to hours worked.

High Potential Incidents and Total Hours Worked per Month
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Figure 50 Relationship between number of HPIs reported and hours worked

The HPI Frequency Rate is defined as number of HPIs reported per million hours worked.
Figure shows the HPI Frequency Rate on the y-axis, plotted against total hours worked per
month on the x-axis. The objective of this chart is to determine if the HPI Frequency Rate varies
with total hours worked per month.
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Figure 50 HPI Frequency Rate versus hours worked per month
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The HPI Frequency Rate increases from approximately 3 million to 6 million hours per month,
then has a relatively constant rate of approximately 23 HPIs per million hours worked. For
example, if there are 8 million hours worked in a month, then an average of 184 HPIs will be
reported (8 multiplied by 23). Similarly, if 10 million hours are worked, then an average of 230
HPIs will be reported for that month (10 multiplied by 23).

The low HPI Frequency Rate corresponds to the period from 2000 to the 2003/04 financial year.
Therefore, leaving aside this period, the chart shows that for the past 15 years the industry has
had a constant HPI Frequency Rate of an average of 23 HPIs per million hours worked.

It is useful to examine this Frequency Rate from a practical perspective. Assume a worker
works, say 2,000 hours per year. For a HPI Frequency Rate of 23, each year 500 workers
(equal to 1 million hours) will report 23 HPIs®6. Put another way, taking a sample of 500
workers, only 23 of them in any given year are likely to find themselves in a situation that
causes or has the potential to cause a significant adverse effect on their safety or health®.

Alternatively, consider what this frequency rate suggests for a single person. If a person works,
say, 2,000 hours per year, then in a 30 year career they will report 1.4 HPIs®8. This suggests a
person is, on average, only likely to report between 1 and 2 HPIs in their career.

If it is assumed that no underreporting of HPIs is occurring, this means that only once or twice in
a career is a person likely to find themselves in a situation that causes or has the potential to
cause a significant adverse effect on their safety or health.

However, based on discussions with people involved in the mining industry, this statement
appears inconsistent with their experience — people find themselves in situations that could
have an adverse effect on their health many more times than once or twice in their careers. In
other words, 1.4 situations per 30 year career appears unrepresentative of the actual number of
hazardous situations in the industry. If this is the case, it suggests a significant level of under-
reporting of HPlIs.

A further point to consider is why there is a constant frequency rate of HPIs?

One hypothesis is the more people that enter the industry, the more people are exposed to
hazards®. Thus the number of HPIs reported increases, as does the hours worked, which gives
a reasonably constant HPI Frequency Rate. But this suggests a troubling explanation: the
hazards are present in the industry waiting for additional people to become exposed to them,
which in turn suggests that the hazards are not being removed or effectively controlled.

This hypothesis is also consistent with the low percentages of hard controls (elimination,
substitution, isolation and engineering controls) being applied in the industry. As discussed in
the previous section, in the order of only 25% to 30% of incidents of all types are responded to
with hard controls, with 49% to 62% being administrative in nature, some of the most ineffective
controls available.

Exploring the converse argument, if hazards are being effectively removed and controlled, why
would the HPI rate increase with hours worked? Are there new hazards emerging to replace the
old?

Put another way, while the number of HPIs reported may or may not be directly related to the
actual number of hazards or hazardous situations in the industry, it is certainly correlated with
the number of hours people spend exposed to those hazards.

66 1,000,000 hours divided by 2000 is 500 workers. Therefore 23 HPIs for 500 workers for one year.
67 Limiting the calculation to one HPI per person per year.

68 2,000 hours by 30 years is 60,000 hours. Based on a HPI rate of 23 HPI/million hours worked, this equates to
1.38 HPIs per career.
69 Another hypothesis is that for every HPI genuinely identified and removed, a new and different HPI occurs.
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5.4 Serious Accidents and Hours Worked Relationship

Figure 51 shows a plot of the number of Serious Accidents reported per month, along with
number of hours worked in the industry per month.

Serious Accidents and Total Hours Worked per Month
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Figure 51 Relationship between number of Serious Accidents and Hours Worked

While there appears to be some broad correlation between the number of Serious Accidents
and hours worked per month, the number of Serious Accidents is greater from 2016 onwards.

Figure 52 shows the relationship between the Serious Accident Frequency Rate - the number of
Serious Accidents per million hours worked — and the number of hours worked per month.

Serious Accidents Frequency Rates per Million Hours Worked per Month
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Figure 52 Serious Accident Frequency Rate and total hours per month

Similar to the HPI Frequency Rate, the Serious Accident Frequency Rate appears reasonably
constant at 0.75 Serious Accidents per million hours worked. For example, if 10 million hours
are worked in a month, this equates to an average Serious Accident Frequency Rate of
approximately 0.75, suggesting there will be an average of 7.5 Serious Accidents for that
month™0,

70 A Serious Accident Frequency Rate of 0.75 per 1 million hours worked, means a total of 7.5 serious accidents for 10 million
hours worked. While the estimated number of serious accidents is 7.5, there is a wide spread in the data.
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5.5 LTIs and Hours Worked Relationship

Figure 53 shows both the number of LTIs reported and hours worked per month.

Lost Time Injuries and Total Hours Worked per Month
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Figure 53 Relationship between number of LTIs and hours worked

From 2011 onwards the number of LTIs reported broadly follows the number of hours worked in
the industry. Prior to 2011, however, a different overall trend is evident. While the number of
LTls is remaining relatively constant, the number of hours worked are increasing significantly
over time.

Figure 54 shows the LTI Frequency Rate and the total number of hours worked per month.
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Figure 54 LTIs per million hours vs total hours per month
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The LTI Frequency Rate initially decreases, before becoming reasonably constant at an
average of approximately 5 LTIs per million hours worked. The points representing less than 5
million total hours worked per month correspond to the period 2000 to 2004. Therefore, a
constant average LTI Frequency Rate of approximately 5 has been reasonably consistent for
the past 15 years.

The LTI Frequency Rate can be separated for employees and contractors 7'. Figure 55 shows
the ratio of the LTI Frequency Rate for contractors to employees, by month, for the review
period.
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Figure 55 Ratio of LTI Frequency Rates for contractors and employees

While this rate varies, this chart shows that the LTI Frequency Rate for contractors is on
average approximately 0.7 times that of employees. For the same number of hours worked,
employees typically report 1 LTI for every 0.7 reported by contractors.

Why would contractors have a lower LTI rate than employees? There are a number of potential
hypotheses why this may be the case:

o Hypothesis 1: contractors undertake less hazardous work than employees,

e Hypothesis 2: contractors have a safer approach to their work than employees, which
may indeed be the case for contractors operating mines or specialist contractors,

e Hypothesis 3: contractors are not reporting all the LTls that occur.

Based on discussions with those in the mining industry the first 2 hypotheses seem less likely,
with many suggesting the most likely reason is contractors are reporting less LTIs than
employees. Discussions suggest that contractors are incentivised to do so — they are rewarded
for having a low LTI Frequency Rate’2.

Figure 56 illustrates the injured body location due to LTIs. While both employees and
contractors broadly follow the same distribution, employees have a considerably higher number,
relatively speaking, of back, knee, shoulder, neck, and other back complaints. These are hidden
injuries, which if go unreported are unlikely to be noticed by others, as opposed to, for example,
hand and face injuries, which are obvious injuries.

n It was not possible to separate the HPIs associated with contractors and employees because this data was not
reported.

72 For example, if mining companies award contracts to contracting companies, based on criteria that includes
consideration of the LTI Frequency Rate, then this has the potential to incentivise under-reporting among
contractors.
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Figure 56 Location of Injury for Lost Time Injuries for Employees and Contractors

5.6 Summary

The mining industry may have the view that incidents are random and unpredictable events.
However, the analysis of this data shows that this is not the case. The number of incidents is
broadly related to the number of hours worked in the industry. This means that every month the
industry will hurt or place in hazardous situations a predictable percentage of its workforce. In
an average month, this equates to 23 HPIs, 5 LTls and 0.75 Serious Accidents per million hours
worked.

This is consistent with the number of hazards in the industry remaining constant, waiting for
more workers to become exposed to them. In turn, this is also consistent with the industry
typically selecting some of the least effective controls available to manage these hazards. Thus,
the hazards are remaining in play, continuing to affect the same percentage of workers.

Any other interpretation of the data is a hard argument to mount. And this situation is getting
worse, as evidenced by the increasing Serious Accident Frequency Rate. Unless hazards are
effectively identified and effectively controlled, it is unlikely that the Serious Accident Frequency
Rate will decrease.

Further, the significant increase in the employee Fatality Frequency Rate, combined with the
employee Serious Accident Frequency Rate being reasonably comparable to that of
contractors, does not support the view that employees work in a considerably safer manner than
contractors.
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6. DRIFT INTO FAILURE - AHYPOTHESIS FOR
INDUSTRY BEHAVIOUR

6.1 Introduction

Based on this review’s analysis of incidents and fatalities, unless the mining industry makes
significant changes to how it operates, the Fatality and Serious Accident Frequency Rates are
likely to continue at, or exceed, current levels.

As discussed in Section 3, fatalities occur in what appears to be a cycle. This pattern has been
evident over the past 19%2 years, and is characterised by periods where fatalities occur, followed
by periods where there are few to none.

If the industry continues to take a similar approach to safety, using the same philosophies and
methodologies adopted over the past 19%2 years, then similar safety outcomes are to be
expected. There will be periods where a significant number of fatalities occur, followed by
periods where there are few to none. Past behaviour suggests that in the order of 12 fatalities
are likely to occur over any 5 year period.

The cycle further suggests that the periods with few to no fatalities should be viewed as simply
part of the fatality cycle - they are not evidence of the industry becoming safer over the long
term. Instead, further fatalities should be expected as the cycle continues. This may appear a
bleak prediction, but this cycle has proven surprisingly resilient over the past 19%% years.

In addition to the fatality cycle, the Serious Accident Frequency Rate is trending upwards. This
increasing rate suggests the industry is more likely to cause serious injury to a person than in
the past.

Of concern, also, has been the industry’s reported response to incidents. For the 2018/19 year,
the reported corrective actions put in place for HPIs and Serious Accidents show that the
application of hard controls never exceeded 30% of the total corrective actions. Further, for
HPIs and Serious Accidents in that same period, a significant percentage of corrective actions
put in place were administrative in nature (in the order of 60% and 70%, respectively) — one of
the least effective controls available. Put another way, in the case of Serious Accidents, a
hazard that had the capacity to hospitalise a person was responded to with a control that
essentially directed workers to ensure it didn’'t happen again.

Finally, a review of the incident numbers shows broad relationships between the number of
incidents per month and the number of hours worked per month. One hypothesis for this
behaviour is that hazards are remaining in the industry, being either unidentified or with
ineffective controls, with the result being that the more people that are exposed to these
hazards, the more HPIs and Serious Accidents will occur. These incidents are not particularly
random and unpredictable.

How should the industry respond to these challenges?

This section provides a hypothesis for why fatalities are occurring, both at a macro and micro
level. This section will focus on the concept of a drift into failure, but first the concept of blame
will be examined.

Some readers may feel these discussions a little too philosophical or impractical, but these
concepts underpin and drive the practical changes that are needed in the industry. These
concepts also form the basis for this review’s recommendations.
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6.2 Blame

Anecdotal discussions suggest that while many organisations strive to identify the broader
causes of an incident, a number still identify human error on the part of the injured worker as a
primary cause. A detailed examination, however, of the fatality causal diagrams discussed in
Section 3, shows that human error, in and of itself, is not a major causal factor. While it is often
involved, typically many other factors are required to cause fatalities.

While it is important to hold people accountable for their actions, it is also important to ensure
that the drive for accountability does not overshadow the importance of learning the lessons
from the incident’3. Hopkins points out that blame is often the enemy of understanding: ‘Most
but not all major accidents are triggered by operator errors, and the initial response of the
companies is to blame the operators. However, operator error is better seen as a starting point
for inquiry [into accident causes], rather than an explanation in its own right. As soon as we ask
why operators made the mistakes they did, a whole range of factors come into view that are far
more important from an accident prevention point of view’74.

Put another way, asking why operators made mistakes helps to expose the system errors that
led to, or allowed, the human error?®. A failure to identify these system errors means that
another operator or worker can make a similar error in the future, with the potential for the
incident to reoccur. The mining industry should ensure that internal incident investigations go
considerably deeper than simply identifying human error alone as being causative - these
investigations should capture the system factors that caused the incident. Conversely, if internal
mining company investigations are largely identifying human error as the cause, they are likely
missing valuable learning opportunities.

6.3 Complexity

Useful in the discussion that follows is the concept of complexity. Before examining complexity,
however, it is helpful to discuss its opposite, namely Newtonian thinking. Newtonian thinking
assumes that if the behaviour of the individual components of a system is understood, and the
system’s initial conditions are known, then the behaviour of the overall system can be both
understood and predicted.

This form of thinking underpins science, appears common sense, and for many systems —
namely, simple systems — adequately describes their behaviour’8. This thinking also underpins
the investigation of why systems fail: in order to understand why the system failed, all that is
required is to identify the component or components that individually failed.

A number of Newtonian thinking assumptions are worthy of discussion.

One assumption is that there is a direct link between cause and effect. Dekker says in ‘the
Newtonian vision of the world, everything that happens has a definitive, identifiable cause and a
definitive effect. There is symmetry between cause and effect (they are equal but opposite). The
determination of the “cause” or “causes” is of course seen as the most important function of
accident investigation, but assumes that physical effects can be traced back to physical causes
(or a chain of causes-effects) (Leveson, 2002).77 So not only can a link between cause and
effect be clearly drawn, but the seriousness of the effect is related to the seriousness of the
cause - big failures are due to big causes, small failures to small ones.

Another assumption is that Newtonian thinking is reductionist, an assumption already introduced
above — the system can be broken down into its component parts, including technological and

73 Dekker proposes the concept of a ‘Just Culture’ where demands for accountability (by society and government)

are satisfied; but this accountability must be balanced with the organisational learning necessary to prevent future
incidents. (Dekker, S 2012, Just Culture: Balancing Safety and Accountability, Ashgate, Farnham, UK.)
Hopkins, A, 2008, Failure to learn: the BP Texas City Refinery disaster, Sydney, CCH Australia Limited.

Hopkins considers that from ‘a prevention point of view it is better to focus on factors further back along causal
chains which put operators in a position where it is possible for them to make critical errors.” Hopkins, 1999,
Lessons from Longford: The Esso Gas Plant Explosion, Sydney, CCH Australia Limited.

Newtonian thinking also describes complicated (as opposed to complex) systems, which will be discussed in
more detail later in this report.

Dekker, S & Cilliers, P & Hofmeyr J-H 2011 “The complexity of failure: Implications of complexity theory for safety
investigations” Safety Science 49.

74
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human, and once the behaviour of each component is understood, the behaviour of the whole
system can also be understood. The system is the sum of its parts. Dekker succinctly articulates
the issue as the ‘functioning or non-functioning of the whole can be explained by the functioning
or non-functioning of constituent components.’78

The Queensland mining industry is characterised by Newtonian thinking. A clear link between
cause and effect, as well as a focus on the components as opposed to the interactions of the
system, is apparent in both the Regulator and the mining industry. This Newtonian thinking not
only drives how safety is approached by the industry, how it is regulated by the Regulator, but
also how the aftermath of incidents are managed from both an investigation and corrective
action perspective.

The industry approach to safety appears to be characterised by treating safety as a component
in the system. Once this component is in place, there seems to be a view that safety is assured,
with negative outcomes being treated as simply a function of someone failing to comply with the
component.

A similar Newtonian approach appears evident with respect to investigations by the Regulator—
they have a focus on identifying the broken components, and they do not, despite using ICAM,
attempt to understand the circumstances that led to the decisions to compromise safety.
Anecdotal discussions suggest that some mining companies terminate investigations when
human error is identified, which reduces the cause of the incident to the one component — the
human — and prevents an opportunity to identify the system errors that contributed to the failure,
as discussed earlier.

In contrast to Newtonian thinking, complex system thinking is very different. Dekker describes
how complex behaviour ‘arises because of the interaction between the components of a system.
It asks us to focus not on individual components but on their relationships. The properties of the
system emerge as a result of these interactions; they are not contained within individual
components.’7? Dekker goes on to say that complex systems ‘generate new structures
internally, they are not reliant on an external designer. In reaction to changing conditions in the
environment, the system has to adjust some of its internal structure. Complexity is a feature of
the system, not of components inside of it.’80.81

The system interactions, therefore, are not only critical in complex systems, they define them.
Further the ‘knowledge of each component is limited and local, and there is no component that
possesses enough capacity to represent the complexity of the entire system in that component
itself. The behaviour of the system cannot be reduced to the behaviour of the constituent
components. If we wish to study such systems, we have to investigate the system as such. Itis
at this point that reductionist methods fail.’82

78
79
80
81

Dekker et al., 2011, The complexity of failure: Implications of complexity theory for safety investigations.
Dekker et al., 2011, The complexity of failure: Implications of complexity theory for safety investigations.
Dekker et al., 2011, The complexity of failure: Implications of complexity theory for safety investigations.

At this point it is useful to highlight that a complex system is different to a complicated system. Dekker explains
that certain systems ‘may be quite intricate and consist of a huge number of parts, e.g. a jet airliner. Nevertheless,
it can be taken apart and put together again. Even if such a system cannot practically be understood completely
by a single person, it is understandable and describable in principle. This makes them complicated.’ In other
words, a complicated system is reductionist, it can be reduced to, and understood by, understanding its individual
components. And while this system may have a large number of components, the manner in which they interact is
well understood and predictable — and they do so because they were designed to do so.

A complicated system, however, can become a complex system. A jet liner is a complicated system that becomes
a complex system when it is placed in service. It is now subject to interaction with outside influences, such as air
traffic control, schedule pressures, maintenance issues, human interaction, etc. (Dekker et al., 2011, The
complexity of failure: Implications of complexity theory for safety investigations).

82 Dekker et al., 2011, The complexity of failure: Implications of complexity theory for safety investigations.

Prepared for Department of Natural Resources, Mines and Energy page 61



Brady Review, December 2019

Exploring this further, it must first be recognised that the interfaces and interactions between
components of the system are critical. When it comes to the investigation of failure in complex
systems, the reductionist assumption in Newtonian thinking has significant limitations. It typically
aims to identify only the individual components that failed, not the interactions that caused the
failure. Such investigations will not identify the interface and relational causes?®3.

Secondly, some properties of the system are classed as emergent. In other words, they are not
designed into the system, but they naturally occur (and emerge) as the system behaves.
Research has shown that one such emergent property is safety®4. For example, take workers on
a mine site. The level of actual safety - how safe the mine site is in practice - will emerge as a
result of the interaction between many components, such as the safety system used on the
mine site, production pressures, workplace culture, and outside influences, such as commodity
price. Safety procedures will certainly have been designed into the system (as components), but
the actual practical safety on site cannot be evaluated by examining this safety component in
isolation. It can only be ascertained by observing the interaction that emerges between the
safety component and the other components of the system.

Take for example how safety can be compromised by a singular focus on production, which is
another component of the system. (This production focus can come from both a company or
individual worker level.) The safety component itself has not necessarily changed — but its
interactions with the production component almost certainly has. Dekker says we ‘used to say
that the whole is more than the sum of its parts. Today we would say that the whole has
emergent properties.’8®

While there is no single definition for what makes a system complex, these systems typically
exhibit the following characteristics:

e Emergence: as discussed above, because of interactions the whole of the system can
be more than the sum of its parts. Unanticipated behaviour can emerge as part of these
interactions,

o Non-Linearity: complex systems exhibit non-linear behaviour. There is not always a
linear relationship between cause and effect — small causes can produce big effects and
combinations of causes can do the same, in some cases because of direct and indirect
feedback loops,

e Open Systems: they are open systems and they interact with their environment, which
means they do not tend towards equilibrium. For example, the mining industry is open: it
responds to outside influences, such as the commodity price or actions of the Regulator,

e Adaptation and Drift: They are adaptive. They can reorganise themselves naturally. One
aspect of adaptation is drift, which will be the subject of the following section.

The mining industry is therefore a complex system. The system is an open system that
responds to commodity prices, it has non-linearity and feedback loops, its interactions and
internal relationships between components are complex and critical to understanding the
system, it displays emergent behaviour, particularly with respect to safety, and it displays drift. It
is also driven by organisational complexity, with decentralised and fragmented corporate
structures devolving key responsibilities (in practice, but not necessarily from a legislative
perspective) to subsidiaries, contractors and subcontractors. Such decentralisation can result in
siloed independent businesses with different incentives, procedures and specialties appropriate
to their function within the complex system.

While the section that follows will examine how complex systems fail, it is useful to discuss
some aspects here. Firstly, a complex system can fail without any of its components failing —

83 ‘Yet simplicity and linearity remain the defining characteristics of the theories we use to explain bad events that
emerge from this complexity.” Dekker, S, 2011, Drift into Failure: From Hunting Broken Components to
Understanding Complex Systems, Ashgate, Farnham, UK.

84 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

85 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.
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instead the relationships and interfaces between the components can fail®¢. These interactions
mean that complexity ‘opens up a way for a particular kind of brittleness’®’. As a result of the
interactions, one error or mistake can shatter the system: big effects do not require big causes.
Small causes, given the right combinations and interfaces, have the potential to generate big
effects because of non-linear behaviour?s,

Secondly, there are a myriad of unintended behaviours that result from the interactions in the
system. For example, research has shown that safety Key Performance Indicators (KPIs) can
result in unintended behaviour if not carefully selected. A management focus on reducing LTIs
can have the effect of encouraging under-reporting of incidents. Or consider how commaodity
prices not only drive the hours worked in the industry, but also the contractor/employee mix of
hours, which in turn drives the number of HPIs and LTls reported to the Regulator. Further,
many of the fatalities showed significant (and often unintended) interactions between factors
across various levels in the mine site, e.g., individual, supervisory and organisational.

The theory of complex systems illustrates that safety cannot simply be designed into a system
as a standalone and discrete component. It needs to be viewed as a component that interacts
with the other components in the system, and not always in a rational or predictable manner.
Dekker reminds us that the ‘commitment that is called for here is to see safety-critical
organizations as complex adaptive systems.’® The section that follows examines how such
systems drift into failure.

6.4 Drift into Failure

The concept of drift into failure has many features according to Dekker, but for the purposes of
this review the following two will be focused on:

1. ‘Complex systems can exhibit tendencies to drift into failure because of uncertainty and
competition in their environment,’

2. ‘Drift occurs in small steps’.9°

Despite the best of intentions, complex systems can ‘gravitate back to a certain level of risk
acceptance, even after interventions make it safer.’®! If applied to the mining industry, this
suggests the industry will gravitate towards higher levels of risk acceptance over time, even
after intervention by, for example, the Regulator, shareholders or public opinion.

The second point is that drift does not occur in large, easily noticeable steps, but rather small
ones, none of which are necessarily undertaken to explicitly accept higher risk. Dekker says that
‘each next step is only a small deviation from the previously accepted norm, and continued
operational success is relied upon as a guarantee of future safety.’9? Central to a drift into failure
is that the system is not necessarily making a deliberate decision to accept more risk, rather the
acceptance of more risk is simply a natural tendency of systems that are complex?. Drift into
failure is not - using a physical example - analogous to someone deliberately loosening a single
large bolt that holds the system together, rather it is more akin to numerous individuals

86 ‘The [system] accident results from the relationships between components (or software and people running them),
not from the workings or dysfunction of any component part.” (Dekker, 2011, Drift into Failure: From Hunting
Broken Components to Understanding Complex Systems.)

87 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

88 This is often referred to as the butterfly effect, which was a term introduced by Edward Lorenz and his research
into weather modelling. Very small changes to initial conditions, can produce very large consequences — just like
a butterfly flapping its wings in Brazil and ruffling the air can cause a tornado in Texas.

89 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

90 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

o1 Dekker, 2011, Dirift into Failure: From Hunting Broken Components to Understanding Complex Systems.

92 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

93 Near-miss research shows that when human beings become familiar and comfortable with a risk (or deviation) it
becomes normalised, i.e., what was once a concern becomes acceptable. Further, rather than this risk or
deviation being treated as evidence that the potential for catastrophic failure existed, the near-misses were
viewed as supporting the position that catastrophic failure is unlikely. Once deviations are normalised, the
opportunity to learn from them is generally lost. This phenomenon is known as Normalisation of Deviance. Tinsley
C. H,, Dillon R. L. and Madsen P. M. (2011) ‘How to Avoid Catastrophe’, Harvard Business Review, 89 (4).
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loosening numerous smaller bolts over time, which eventually results in system failure.
Importantly, the loosening of a single bolt would not, in and of itself, cause the system failure,
it's the combination that is the issue. To use the language of complexity, this loosening results in
the system becoming more brittle.

Why take small steps that result in the acceptance of more risk?

One aspect that drives this drift is the inherent tension between safety and a focus on
production and efficiency?®. Dekker summarises the problem as although ‘safety is a (stated)
priority, operational systems do not exist to be safe. They exist to provide a service or product,
to achieve economic gain, to maximize capacity utilization. But still they have to be safe (in
some sense, safety, or at least an image of safety, is a precondition for achieving any of the
other goals).’

With respect to this tension, it often falls to the individuals to make a practical choice between
safety and efficiency®. But while it may appear like a simple choice to always prioritise safety,
the choice is never quite that explicit®. As Dekker says, these ‘conflicts are to be negotiated
and resolved in the form of thousands of little and larger daily decisions and tradeoffs. These
are no longer decisions and trade-offs made by the organization, but by individual operators or
crews.’?’

Take an example of a worker undertaking a routine task. Assume the worker is protected while
undertaking this task by a safety system, for example, controls or physical barriers. Imagine the
worker identifies a more efficient way to undertake the task at hand. Now imagine the worker, or
supervisor, decides to prioritise safety. They examine if the proposed change to the task will
compromise safety, but this examination will be usually only be conducted taking into account
local considerations®8.

In other words, rather than examining the global repercussions of the change, human nature is
to evaluate the appropriateness of the change based on the local information available to the
decision maker. Dekker states that ‘It is these normal day-to-day processes where we can find
the seeds for drifting into failure.’®®

While discussions with those in the mining industry suggest there are certainly occasions when
an individual deliberately acts in a manner that compromises safety, a key point about the
above process is that individuals do not necessarily have to wilfully make decisions that result in
less safe environments, rather they are making decisions based on improving efficiency, while
ensuring safety is maintained relative to local considerations. And the reason these decisions
are being made in the first place is because of production drives and/or the normal drive for
people to get on with their job1%°, Adapted procedures are either formally or informally
developed, and as Dekker reminds us ‘operational success with such adapted procedures is
one of the strongest motivators for doing it again, and again.’ 10’

Once, however, these decisions are made, an organisation begins to drift. And, in typical
organisations, this is not just one individual making one decision about one process. A similar

94 ‘One of the ingredients in almost all stories of drift is a focus on production and efficiency.” (Dekker, 2011, Drift

into Failure: From Hunting Broken Components to Understanding Complex Systems.)

Dekker states that if we want to understand drift into failure ‘we have to be particularly interested in how people
themselves view these conflicts from inside their operational reality, and how this contrasts with management
(and regulator) views of the same activities.” (Dekker, 2011, Drift into Failure: From Hunting Broken Components
to Understanding Complex Systems.)

‘Most important goal conflicts, however, are never made so explicit. Rather, they are left to emerge from multiple
irreconcilable directives from different levels and sources, from subtle and tacit pressures, from management or
customer reactions to particular trade-offs. Organizations often resort to “conceptual integration, or plainly put,
doublespeak.” [Footnote 33: Dérner, D. (1989). The logic of failure: Recognizing and avoiding error in complex
situations. Cambridge, MA: Perseus Books.]

Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.
“Behavior that is locally efficient, acquired through practice, anchored in the logic of the task, and legitimized
through unremarkable repetition.” [Footnote 45: Snook, S.A. (2000). Friendly fire: The accidental shootdown of
US Black Hawks over Northern Iraq. Princeton, NJ: Princeton University Press.]

Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

This ‘is sustained because of feedback asymmetry: there are immediate and acute productive gains, and little or
no feedback about any gathering danger, particularly if the procedure was successful’ (Dekker, 2011, Drift into
Failure: From Hunting Broken Components to Understanding Complex Systems.)

Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.
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decision-making process is occurring throughout the organisation'%2. This is analogous to all the
little bolts gradually being loosened in the system. It is these decisions that cause the drift of the
entire organisation.

And if a failure or a fatality occurs, it is these decisions, with the benefit of hindsight, that look
like poor decisions and are often blamed for the failure. But these decisions often only look poor
with the benefit of hindsight because they resulted in a poor outcome. Dekker says a ‘challenge
is to understand why assessments and actions that from the outside look like really bad ideas
appeared, from the inside, unremarkable, routine, normal, or systematically connected to
features of the work environment we have put people in.’103

Indeed, not only do these decisions seem unremarkable to the individuals making them, but
they are often rewarded for the outcomes because these individuals got the job done. And
because these decisions result in efficiencies, with no obvious downsides in the short term, this
is interpreted as supporting their appropriateness. This is known as the Outcome Bias, which is
a tendency for individuals and organisations to observe a successful outcome and assume that
the process that led to it was fundamentally sound, even when it wasn’t'%. Further, to the
individuals involved, these decisions are often viewed as proof of their expertise - resulting in
professional pride 1%,

Summing up the problem of drift, Dekker says that local decisions ‘that made sense at the time
given the goals, knowledge and mindset of decision-makers, can cumulatively become a set of
socially organized circumstances that make the system more likely to produce a harmful
outcome. Locally sensible decisions about balancing safety and productivity — once made and
successfully repeated — can eventually grow into unreflective, routine, taken-for-granted-scripts
that become part of the worldview that people all over the organization or system bring to their
decision problems. Thus, the harmful outcome is not reducible to the acts or decisions by

individuals in the system, but a routine by-product of the characteristics of the system itself.’106.
107

6.5 Queensland Mining Industry: Drifting into Failure

As discussed earlier, the Queensland mining industry is not a Newtonian System, it is a
complex system where interactions between components are important. And it's a system
where safety is an emergent property. The safety of a mine site cannot simply be reduced to the
attributes of its safety component. Understanding how the safety component interacts with other
components is key to understanding how effective safety will be in practice. Production
pressures, budget constraints, culture and unions will all interact to govern the safety on site.
Drift into failure theory shows that these competing goals, regardless of how often a company
stresses that they are committed to safety, will ultimately govern safety on site.
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Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.
Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.

Brady, S 2013 “Near-misses and failure (part 1)” The Structural Engineer. London, UK: The Institution of
Structural Engineers.

‘In fact, practitioners take their ability to reconcile the irreconcilable as a source of considerable professional
pride. In many worlds, it is seen as a strong sign of their expertise and competence.’ (Dekker, 2011, Drift into
Failure: From Hunting Broken Components to Understanding Complex Systems.)

‘This is the phase, if you will, where “drift” happens. It is characterized by the “accumulation of an unnoticed set of
events which are at odds with the accepted beliefs about hazards and the norms for their avoidance.’ [footnote 3:
Turner B.A, (1978). Man-made disasters. London: Wykeham.] (Dekker, 2011, Drift into Failure: From Hunting
Broken Components to Understanding Complex Systems.)

Where does this drift end? Just prior to failure it ends at what is known as the edge of chaos. In complexity
language the term critical state is often used. At this point the organisation is running at maximum efficiency — the
drive for efficiency has brought it to this point — but it is also running at maximum brittleness. All the bolts holding
the system together have been loosened sufficiently — all that is now required is something to go wrong. This
could be as simple as a lack of good luck, and when it happens all the vulnerabilities that have been built into the
system, as a consequence of the drift, become apparent. Once a system is at the edge of chaos a little nudge is
all that is required to shatter it. This is known as a phase shift — ‘a bit more (or less) of the same leads to
something very different.” The consequences are put succinctly by Dekker: ‘Drift into failure, in these terms, is
about optimizing the system until it is perched on the edge of chaos. There, in that critical state, big, devastating
responses to small perturbations become possible. Large events are within the space of possibilities. Drift doesn’t
necessarily lead to failure. At least not until it does.” (Dekker, 2011, Drift into Failure: From Hunting Broken
Components to Understanding Complex Systems.)
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Drift into Failure is evident in the Queensland mining industry, at both a macro and micro level.
At a macro level, the fatality cycle, as shown in Figure 57, is potentially consistent with a drift
into failure.

12 Month Rolling Sum of Fatal Accidents
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Figure 57 12 month rolling sum of fatalities

When 3 to 6 fatalities occur over a relatively short time period, approximately a year, this
prompts the industry to take action, to become more vigilant, to genuinely place safety ahead of
production. This increased vigilance is likely to result in more hazard identification, more
enforcement of effective controls, ensuring quality supervision, and ensuring workers are well-
trained. This period of increased vigilance has the effect of arresting the drift, of making the
system less brittle. These measures create a period where few or no fatalities occur, which lasts
approximately one year.

Over the course of this year, however, as time elapses since the last group of fatalities, the
vigilance gradually decreases because of the tension between safety and production, and the
industry, as a whole, begins to drift again. And as this drift reaches a certain point, there occurs
not just a single fatality at one mine site, but a number of fatalities across a number of mines
over time.

Drift into failure is also evident at a micro level. An analysis of the causal diagrams for individual
fatalities show that many of these fatalities are characterised by banal, every-day and
straightforward factors, such as a lack of supervision, a lack of training, or a loss of protection.
The causative circumstances surrounding many of these failures are consistent with drift, such
as the gradual erosion of controls, the adoption of modified procedures to deal with local
productivity pressures. Many of these issues would not individually cause a fatality in and of
itself, it was the combination of factors that was required.

This is drift, the gradual loosening of individual bolts. It took the combination of these events to
expose the brittleness that had drifted into the system. In the words of Dekker ‘big, devastating
responses to small perturbations become possible.’'% A number of the fatalities did not involve
any form of human error on the part of the deceased, rather were a consequence of a
combination of mundane factors that introduced enough brittleness into the system, that when
something went wrong, the protections and controls the system should have had in place were
eroded to the point that a fatality occurred.

108 Dekker, 2011, Drift into Failure: From Hunting Broken Components to Understanding Complex Systems.
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7. MOVING TOWARDS HIGH RELIABILITY
ORGANISATIONAL STATUS

7.1 Introduction

The 1999 legislation has made significant progress in making the industry safer. Since its
introduction there have been no multiple fatality disasters and the overall rate of fatalities per
year has reduced. Whether or not these improvements are due solely to the introduction of the
legislation, or involve other factors, such as advances in technology, is difficult to say, but
despite this progress, the current approach has not been sufficient to reduce the fatality rate to
zero.

One hypothesis consistent with a failure to reduce this rate is that the industry is experiencing
cycles of drifting into failure. In other words, while the 1999 legislation has the potential to
reduce the rate to zero, drift occurs and it rises again. Then a significant number of fatalities
occur and the drift appears to be arrested, potentially because the industry tightens up all the
small bolts that have loosened over time.

The challenge now facing the industry is to prevent this drift to failure over the long term. Further
steps will be required - the industry is ill equipped to meet the challenge using only the
philosophies and methodologies utilised over the past 19 ¥ years. These further steps should,
however, build upon the practices introduced by the 1999 legislation, which resulted in gains
that must not be lost.

These next steps should, therefore, focus on arresting the drift and maintaining vigilance. But
they will be challenging. They will come at a financial cost and will require both industry and the
Regulator to ensure it has teams with the appropriate competency to identify the signs of drift
before they occur.

But perhaps one of the biggest stumbling blocks is how the mining industry views itself. Mining
is a hazardous industry, but that doesn’t mean that workers and their families must continue to
suffer the consequences of these hazards. An illustrative comparison can be made with the
airline industry — the general public expect air travel to be safe, despite it having to cope with
significant hazards'%°. By contrast, both the mining industry and the general public appear to
expect mining to be dangerous 0. This fatalism may be the biggest stumbling block to
preventing the industry taking the next step.

And the next step is for the mining industry, as a whole, to adopt the practices of High Reliability
Organisations. This section introduces the principles of High Reliability Organisations, illustrates
how the Queensland mining industry falls short of achieving High Reliability Organisational
status, and discusses the practical steps that need to occur in order to move towards it.

109 There have been 2 fatalities in Australian regular public transport (commercial air transport) since the 2008/09

financial year, and in the same period these flights have carried over 600 million passengers
(https://www.bitre.gov.au/publications/ongoing/domestic_airline _activity-time series &
https://www.atsb.gov.au/media/5776642/ar-2018-030 _final.pdf).

Put another way, it could be argued that the risk tolerance for fatalities and Serious Accidents is too high.
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7.2 What is a High Reliability Organisation?

Professor Andrew Hopkins introduces the theory of High Reliability Organisations (HROs) in
Learning from High Reliability Organisations'''. The concept of HROs was first developed in the
1980s at the University of California. Three organisations were of interest to the researchers
because they experienced very few disasters or failures, despite conducting activities that were
considered complex and hazardous''2. Hopkins points out that, in terms of accident record, the
major Australian airlines can claim to be HROs.

One of the core aspects of HRO theory is that it considers a safety culture to be a reporting
culture. And this safety culture is based upon the organisation’s practices, not the attitudes or
mindsets of individuals working for the organisation. HRO theory does not isolate human error
as the sole cause, and it acknowledges that human error is both inevitable and is the /east
controllable aspect of managing safety hazards.

Hopkins discusses how difficult it is to provide a concise and singular definition for a HRO. For
example, what is the best way to statistically define ‘near accident-free performance’? Hopkins
also points out that attempting to use an organisation’s performance record is problematic —
operations can have high performance, but also be unsafe.

Hopkins considers that the most useful way to define a HRO is to assess whether or not it
exhibits five key characteristics ''3.These key characteristics were developed by Karl Weick and
Kathleen Sutcliffe and are defined as:

1. Preoccupation with failures rather than successes,
2. Reluctance to simplify interpretations,

3. Sensitivity to operations,

4. Commitment to resilience, and

5. Deference to expertise.

Weick argues that, taken together, these processes ‘produce a collective state of
mindfulness’.'"* The first two will be discussed in detail because the are key to the observations
of this review, but further details on the remaining characteristics can be found in Hopkin’s

text 15,

7.3 Preoccupation with Failures Rather than Successes

Hopkins points out that HROs understand that long periods of success breed complacency'8.
Consequently, they are wary of success because they understand that their system will drift
over time towards higher levels of risk acceptance in the absence of incidents. The same drift is
evident in the Queensland mining industry’s fatality cycle, periods where few to no fatalities
occur should not be viewed as evidence of the system getting safer in the long term.

Hopkins, and many other authors, describe a HRO’s preoccupation with failure as chronic
unease.
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Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.

Three separate organisations were examined as part of this research: the United States Federal Aviation
Administration’s air traffic control (ATC) system; a company operating a nuclear power plant and electricity
distribution system; and the US Navy’s nuclear aircraft carrier operations.

Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.
Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.

Sensitivity to Operations, Commitment to Resilience & Deference to Expertise are not discussed further in any
more detail in this review.

Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.
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It is this chronic unease that actively prevents drift by striving to identify the early warning signs
of disasters. HROs have an obsession with the reporting of minor incidents and near misses,
there is a focus on their analysis, and an active use of this information to remove the hazards
before they do harm. As Hopkins puts it, HROs believe ‘errors and other small failures amount
to warnings of danger, indicators of how things might be about to go disastrously wrong. HROs
are alert to the warnings of danger and operate on the basis that if warnings are identified and
acted upon, disaster can be averted.’"?

While there is a theoretical focus in the Queensland mining industry on the identification and
controlling of hazards, the findings of this review suggest that the industry, in general, falls short
in practice. Chronic unease is not evident.

Firstly, the HPI Frequency Rate of 1.4 HPIs per person per 30-year career appears inconsistent
with the experiences described by those in the industry. This is not to suggest that a higher
number of HPI type incidents occurring is a good thing, rather it is suggesting that the number of
incidents that have the characteristics of HPIs are probably occurring more frequently in practice
anyway - but they are simply going unreported. Every unreported HPI should be considered
both a learning opportunity wasted and a hazard left in play, waiting to cause an incident at
some point in the future. HPI reporting must be encouraged, it is one of the most useful and
practical early warning systems available to the industry. This is further supported by the finding
that a failure to identify the hazard was present in a very significant number of both HPIs and
Serious Accidents.

Secondly, the low percentage of hard controls, combined with a large percentage of
administrative controls, put in place after an incident is concerning. If it is representative of how
the industry responds to incidents in practice, it suggests the industry is not proactively engaged
in controlling hazards. Many may question the basis for making this statement, but it is difficult
to sustain the argument that the industry is actively engaged in effective hazard control when in
the order of only 25% of HPIs are responded to with elimination, substitution, isolation and
engineering controls — the most effective controls available. This leaves in the order of 50% of
the remaining HPIs being managed with administrative controls alone, which, while having their
place in the industry, are among some of the least effective controls '8,

Industry may attempt to mount an argument that these administrative controls, despite being
among the least effective controls available, are effective enough. An assessment on their
effectiveness, however, suggests this is not the case. The Serious Accident Frequency Rate
has risen over the last 5 years. This rising rate is confirmation that the industry is becoming
more harmful — a worker is more likely to require admission to hospital for treatment of an injury
than they were 5 years ago''°. Further, an analysis of the incident data looking at absent or
ineffective controls (see Section 4), shows that the role of ineffective controls in Serious
Accidents has risen. These factors are the basis for arguing that the industry must begin to
move towards the use of more effective controls.

This review suggests that the Queensland mining industry, as a whole, has an unenviable
position when it comes to identifying and responding to hazards and issues:

e HROs are proactive in seeking out the hazards before they occur, and controlling them,

e Some industries are reactive with respect to identifying hazards, and when these hazards
become apparent, they implement effective controls,

e Then there is the Queensland mining industry, which, as a whole, is reactive with respect
to identifying hazards. Even when hazards are identified, a significant percentage of them
are addressed with the least effective controls available.

In order to move towards becoming a HRO, the Queensland mining industry will need to
develop, as Hopkins says, a preoccupation with failure. A key step moving forward will be to
focus on the identification of hazards and their effective control.

17
118

Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.
One can argue that the apparent default use of administrative controls in and of itself is a form of drift. While their
use gives the impression that the risk is managed, they are the easiest controls for workers ignore.

19 The Serious Accident Rate as a safety indicator is discussed in a later section.
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7.4 Reluctance to Simplify Interpretations

In all industries there is a tendency to simplify — in part because of a Newtonian drive to break a
system into components.

As discussed earlier, a superficial examination of the fatalities would suggest that many were
freak accidents — accidents both difficult to anticipate and protect from. This is not only a
simplistic interpretation, but it also fails to highlight the system failures that took place to cause
these fatalities. It also drives fatalism: it suggests that fatalities are simply a normal part of the
mining industry, and nothing more can be done to prevent them.

An analysis of the causal diagrams, however, illustrated a much more nuanced picture. Many
fatalities were caused by a combination of banal, commonplace, everyday factors, that
combined in such a way to cause a fatality. The majority were not caused by human error alone
- a large number involved failures of controls, training and supervision. These were the system
causes. They were the natural loosening of many small bolts, none of which in and of
themselves would have been likely to cause a fatality. Counterintuitively, fatalities do not require
big causes.

This is the essence of drift, and it is these factors that the industry must strive to identify and
interpret before they cause harm. And this will be challenging. Many of these early warnings,
particularly in the cases of fatalities, do not necessarily result in injuries or indeed have any
apparent negative outcomes. For example, a failure to wear a seatbelt may not cause an injury,
unless an incident occurs, in which case that incident may be serious or fatal. If an organisation
focuses on LTI reporting to identify these precursors to fatalities, they may not identify them.

A key message is that the findings of incident investigations, particularly internal investigations,
should not be oversimplified and miss the real lessons from the incident. Internal investigations
by mining companies should ensure that they avoid the tendency to blame the incident solely on
human error, and not investigate the other (system) causes. If this is widespread practice, then
the key lessons from each incident are being lost. Humans are fallible, and if the system failure
is not identified and the hazard removed or effectively controlled, then there is the potential for
another person to trigger a similar incident in the future.

The key to identifying early warning signs and avoiding simplification is, as Hopkins states, to
‘employ more people whose job it is to explore complexity and to double-check on claims of
competency and success. 20 In other words, the industry and the Regulator needs to ensure
they have teams with the appropriate competency whose sole job it is to actively explore what is
leading to incidents. This will come at both a financial and intellectual cost.

For industry this means ensuring that internal incident investigations are not reduced to simple
causes, such as human error. There must also be a focus on the active identification of hazards,
combined with careful monitoring of early warning signs, particularly when the system appears
to be working well.

For the Regulator, it should play a key role in collating, analysing, identifying, and proactively
disseminating the lessons learned from the incident and fatality data it collects from industry.
The Regulator is ideally placed for such a role — they have access to industrywide information in
the form of incidents, as well as significant detail pertaining to each fatality. They should play a
key role in trend identification, analysis and the dissemination of best practice. This, however,
has been a role that the Regulator has not been entirely comfortable with to date. While it is
changing, there appears to have been a reluctance to publish detailed incident and fatality
information to the industry in the past. Typically information has been released in the form of
bulletins and statistics in the annual report.

In order to move towards HRO status, the industry will have to strive to understand the causes
of incidents and fatalities. The review of the causal diagrams indicates this is not necessarily a
simple task. The maijority of fatalities are due to the slow unbolting of the organisation as it drifts
towards failure.

120 Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.
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7.5 Reporting in HROs

Hopkins stresses that when an industry or an organisation is focused on identifying the early
warnings signs of future catastrophes, the encouragement of incident reporting is critical. He
stresses that the objective is not necessarily to drive up the reporting of injuries, but to drive up
the reporting of events that highlight when certain hazards are not adequately under control. In
other words, to identify ineffective controls. He also emphasises the importance of the quality of
reports, not the quantity, and the fact that it is a real challenge to ensure people report.

Central to this objective is a good reporting culture. Hopkins cites James Reason: ‘a safety
culture is a reporting culture in which people are prepared to report errors, near misses, unsafe
conditions, inappropriate procedures, and any other concerns they may have about safety.’ 12!

The remainder of this section explores how the Queensland mining industry can develop an
appropriate reporting culture. It will focus on the existing measures of LTls, Serious Accidents,
and HPIs.

7.6 The Problem with LTls

The LTI Frequency Rate (or LTIFR) is one of the key safety indicators used in the mining
industry. The industry is considered safer the lower the rate. This measure, however, has
significant limitations, despite its widespread use. Fundamentally, this rate ‘becomes a measure
of how well injuries are being managed, not how safely the organisation is performing’122. For
example, ‘claims and injury management can reduce the LTIFR substantially without any
corresponding improvement in safety.’'23 Hopkins goes on to say that LTI reporting may be
distorted by factors such as individuals being brought back to work before they fully recover or
individuals placed on lighter duties. 124

Unlike Serious Accidents, which will be discussed in the following sections, LTls can be prone to
manipulation. One of the reasons they are manipulated is because they are often incentivised.
As Hopkins argues ‘LTI's are so heavily relied on as they form part of the annual performance
targets for management and organisations as a whole, incentivising individuals and the
organisation to drive LTI rates down to secure bonuses and as an arbitrary metric to promote
company safety reputation. In converse, continuously monitoring systems and procedures for
early warning signs of future adverse consequences, which do not cause LTls, cannot be
measured on an annual basis.’12°

Based on the overarching view of the literature, as well as discussions with those in the mining
industry, the LTI Frequency Rate is considered a poor measure for monitoring safety. This view
is further supported by the analysis of the fatality causal diagrams, which illustrate that many of
the causal factors would not have caused injuries prior to the fatality. Therefore, they would not
be recorded as LTls, with them remaining unidentified as issues. At best the LTI Frequency
Rate is a distraction that focuses industry on the wrong safety measure, at worst it results in
early warning signs being missed.
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Hopkins, 2009, Learning from high reliability organisations, Sydney, CCH Australia Limited.

Hopkins, A 2000, Managing Major Hazards: the Lessons of the Moura Mine Disaster, Sydney, CCH Australia
Limited.

Hopkins, A 2000, Managing Major Hazards: the Lessons of the Moura Mine Disaster, Sydney, CCH Australia
Limited.

Hopkins, A 2000, Managing Major Hazards: the Lessons of the Moura Mine Disaster, Sydney, CCH Australia
Limited.

Hopkins, A & Maslen S 2015, Risky Rewards: How Company Bonuses Affect Safety, Ashgate, Farnham, UK.
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7.7 Selection of a Safety Indicator

As the LTI Frequency Rate is a poor measure of the level of safety in the industry, it is important
that a more representative safety indicator be selected. The selection of a safety indicator is
important because it provides an objective measure, both for the Regulator and industry, for
whether the industry is getting more or less harmful. Excluding LTls, a safety indicator could be
selected from HPIs, Serious Accidents and fatalities.

Selection of the appropriate indicator, however, is not as straightforward as it would appear. To
illustrate why this is the case, Hopkins relates the story of how Airservices Australia resolved the
issue in their industry. Initially, they selected the number of air traffic control-attributable
incidents per 100,000 aircraft movements as their safety indicator. They took the view that if this
number was increasing, then the industry was becoming less safe. They also set a 2.5% annual
reduction target for this indicator for each air traffic controller subgroup. In other words, they
wanted to drive this indicator downwards.

But this approach created a problem: their indicator numbers sometimes dramatically increased.
For example, their 2005/2006 annual report showed the incidents reported by tower controllers
increasing by 300% over the previous 5 years. Airservices then realised that this safety indicator
was not a true measure of the level of safety in the industry, instead it was a measure of the
level of reporting'26. And they recognised this as a good thing because it provided an
opportunity to remove hazards before they could cause harm. But it also presented a problem:
as Hopkins puts it, ‘an organisation that seeks to encourage reporting cannot at the same time
treat the number of such reports as a performance indicator to be driven downwards.’ 127

This is the core challenge that the Regulator faces'28. How does it encourage incident reporting,
while at the same time identifying a meaningful safety indicator?

While it is tempting to select the Fatality Frequency Rate as the safety indicator, this is
problematic for a number of reasons. Firstly, it is not a lead indicator — the negative outcome
has just occurred. Secondly the fatality cycle evident suggests that while the number of fatalities
can decrease in the short term, they are also likely to increase in the medium term.

Serious Accidents can be selected as the safety indicator. As discussed, Serious Accidents are
defined as incidents that result in a fatality or incidents where an individual requires admission
to hospital for treatment of their injury, and is a frontline indicator of the general level of safety in
the industry. An increase in the Serious Accident Frequency Rate indicates that the industry has
become less safe.

The selection of the Serious Accident Frequency Rate as a safety indicator has a critical
attribute. It is considerably less susceptible to the quality of the industry’s reporting culture, and
is therefore a better measure of level of safety in the industry. The Serious Accident Frequency
Rate is less susceptible to manipulation in reporting for the following reasons:

a) Unambiguous: it is an unambiguous measure and not open to multiple or conflicting
interpretations. A person is either admitted to hospital or they are not. It is not a matter of
opinion, nor is the context in which the incident happens relevant,

b) Transparent: the decision of whether or not an incident is a Serious Accident is typically
made by a medical practitioner based on their expertise and experience. Therefore, the
decision lies with an individual who is unconnected with either the injured party or the
company they work for,

c) Target for Reduction: the selection of Serious Accidents as the safety indicator also
provides the Regulator with an indicator that can be targeted for reduction without the risk of
compromising a culture of reporting in the industry. This is only possible because Serious
Accident reporting is largely unrelated to the prevailing reporting culture.

126 Hopkins says that Airservices viewed these increases ‘as a reflection of an organisational culture which

recognises that submission of information about the smallest deviations can assist in identifying strategies to
prevent high risk occurrences. We therefore see the positive cultural driver as a major factor in two traffic
segments failing to meet the target for the 2005/2006 financial year.” (Hopkins, 2009, Learning from high reliability
organisations, Sydney, CCH Australia Limited)

Hopkins, A 2009, Learning from High Reliability Organisations, Sydney, CCH Australia Limited.

128 |t is the Regulator that should select the appropriate safety indicator.
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The fact that a third-party, i.e., a medical practitioner, makes the decision on what constitutes a
Serious Accident also provides an opportunity to further improve the accuracy of the Serious
Accident reporting. Work by Hopkins and others recognises that, despite the high level of
awareness of the importance of incident reporting in some industries, the tendency to under-
report is still an issue. To address this Hopkins highlights the importance of dual, but
independent, reporting systems. As an example, he highlights the systems used by air traffic
controllers and pilots. If an incident occurs, both the air traffic controller and the pilot are
required to report the incident, and they are required to report it in two independent systems.
This means that if, for example, an air traffic controller is the cause of an incident and is
reluctant to report it, they know that the pilot will report it in a separate system. This will highlight
a lack of reporting on the part of the air traffic controller.

Based on this approach there is the potential opportunity for the Regulator to consider a
redundant reporting system. For example, can hospitals that admit mining industry incident
victims also report the admission in an entirely separate system to the mine? If such a system
were to exist, and it was automatically cross-referenced with the Regulator’s Serious Accident
reporting system, then this may provide further confidence in the integrity of the data
received'?®. Hopkins stresses the importance of multiple watchers to ensure effective reporting.

Therefore, the Serious Accident Frequency Rate provides what is perhaps the best measure of
the true level of safety in the industry. It captures the serious injuries sustained by individuals, its
definition is unambiguous, and it provides a measure to be driven downwards.

7.8 The Role of HPIs

If the Regulator selects the Serious Accident Frequent Rate, a rate that can be driven
downwards, then what is the role of HPIs?

The Regulator should adopt the view expressed by Hopkins that a safety culture is first and
foremost a reporting culture. Therefore, the honest and accurate reporting of HPIs by the wider
industry, and the encouragement to do so, should be of paramount importance. As has been
discussed many times in this report, hazards (incidents) that are identified, reported and
controlled/removed are no longer present to cause harm at a later date 30,

This benefit alone is why the Regulator should not consider HPIs to be a safety indicator. A
safety indicator exists to be driven downwards, and the Regulator should not do anything that
encourages driving down HPI reporting.

7.9 Summary

In order to reduce the fatalities in the Queensland mining industry it will be necessary to build on
the progress that resulted from the introduction of the 1999 legislation. The way forward is for
the industry to move towards becoming a HRO, particularly with respect to identifying and
controlling hazards, two areas identified in this review as causing incidents.

Moving towards HRO status is not a trivial exercise — it will come at both a financial and
intellectual cost, and it will likely require the addition of new competencies to both the industry
and the Regulator. Hopkins stresses this is a matter of organisational design. Industry needs to
ensure that it identifies all of the precursors to Serious Accidents and fatalities before they
occur, and then apply more effective controls to prevent these hazards causing harm. The
Regulator needs to encourage the reporting of HPIs, followed by the analysis of these incidents
and the dissemination of the findings to the industry at large.

129 This does not, of course, address the issue of potential under-reporting due to individuals actively trying to avoid

hospital admissions - anecdotally a number of these types of scenarios have been brought to the Regulator’s
attention.

With this in mind, the Regulator should identify HPIs that they consider of critical importance for safety in the
industry and consider defining them specifically. For example, Hopkins discussed how Airsevices Australia has a
reporting system that specifies 18 immediately reportable maters — these include, for example, breakdown of
separation incidents for aircraft or if a pilot experiences difficulties in controlling an aircraft.
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8. CONCLUSIONS & RECOMMENDATIONS

Recommendation 1: The industry should recognise that it has a fatality cycle. Unless it
makes significant changes to how it operates, the rate of fatalities is likely to continue at
current levels. This pattern has been evident over the past 19' years and is
characterised by periods where a significant number of fatalities occur, followed by
periods where there are few to none. This suggests that the industry goes through
periods of increasing and decreasing vigilance. Past behaviour suggests that in the
order of 12 fatalities are likely to occur over any 5 year period.

If the industry continues to take a similar approach to safety, using the same philosophies and
methodologies adopted over the past 19%: years, then similar safety outcomes are to be
expected.

The cycle further suggests that the periods with few to no fatalities should be viewed as simply
part of the fatality cycle — they are not evidence of the industry becoming safer over the long
term. Instead, further fatalities should be expected as the cycle continues. This may appear a
bleak prediction, but this cycle has proven surprisingly resilient over the past 19%: years.

The 6 fatalities that occurred between July 2018 and July 2019 have been described by some in
the industry, media and politics as evidence of an industry in crisis, but a bleaker assessment is
that this is an industry resetting itself to its normal fatality rate.

Perhaps one of the biggest stumbling blocks to reducing the number of fatalities is how the
mining industry views itself. Mining is a hazardous industry, but that doesn’t mean that workers
and their families must continue to suffer the consequences of these hazards. An illustrative
comparison can be made with the airline industry — the general public expect air travel to be
safe, despite it having to cope with significant hazards. By contrast, both the mining industry and
the general public appear to expect mining to be dangerous. This fatalism may be the biggest
stumbling block to preventing the industry taking the next step.

Recommendation 2: The industry should recognise that the causes of fatalities are
typically a combination of banal, everyday, straightforward factors, such as a failure of
controls, a lack of training, and/or absent or inadequate supervision. Internal incident
investigations in mining companies must strive to capture these combinations of causal
factors, and avoid simplifying them to a single cause, such as human error, bad luck or
freak accidents, which has the potential to mask the underlying system failures.
Recommendations 3 to 5 cover the key causal factors identified in this review.

A superficial examination of the causes of the 47 fatalities analysed as part of this review gives
the impression that many were freak accidents, that events transpired in such a way that could
never have been anticipated. This impression can inspire fatalism: how can we possibly protect
workers against such freak accidents? It can reinforce the notion that mining is a hazardous
industry and fatalities simply cannot be avoided.

However, the majority of fatalities were not freak accidents. Many were preventable, and there
was rarely a single significant cause. This is likely to be an uncomfortable finding for many:
there is a tendency to assume that bad outcomes must have equally bad causes — when a
fatality occurs, it must have a particularly sinister cause. This is not the case — there were

few smoking guns.

At a practical level, a large number of the fatalities involved a mine worker in a situation that
they were inadequately trained for, with the controls meant to prevent harm being ineffective,
unenforced or absent, with no or inadequate supervision to identify and remedy these shortfalls.
It then took an initiating event, e.g., in the form of a freak incident or bad luck, to result in a
fatality.

Almost all of the fatalities were the result of systemic, organisational, supervision or training
failures, either with or without the presence of human error. Human error alone would not have
caused these fatalities. 17 involved no human error at all on the part of the deceased.

131 The Conclusions and Recommendations are identical to that presented in the Executive Summary.
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There were 10 incidents involving known faults, where individuals were aware of them, but no
action was taken. 9 fatalities had known near misses occur prior to the fatality. In some cases,
prior fatalities had occurred in a similar manner.

Recommendation 3: The industry needs to focus on ensuring workers are appropriately
trained for the specific tasks they are undertaking.

A total of 17 of the 47 fatalities involved a lack of task specific training and/or competencies for
the tasks being undertaken. A further 9 had inadequate training. These tasks were often
undertaken at the direction of supervisors or others who were aware of these deficiencies.

In many cases this lack of training resulted in the worker being unaware of the hazards involved
in completing the task or the worker operating equipment in a manner that exposed them to
hazards.

Recommendation 4: The industry needs to focus on ensuring workers are appropriately
supervised for the tasks they are undertaking.

In 32 of the 47 fatalities, the worker was required to be supervised when undertaking the task,
i.e., the 32 did not include routine tasks, such as driving. 25 of these 32 fatalities involved
inadequate or absent supervision.

17 of the fatalities involved a lack of training or inadequate training for the specific task being
undertaken and inadequate or absent supervision.

Not only does absent or inadequate supervision allow tasks to be approached in an unsafe
manner, but it also greatly amplifies the consequences of a lack of training or ineffective or
unenforced controls.

Recommendation 5: The industry needs to focus on ensuring the effectiveness and
enforcement of controls to manage hazards. Given the increasing Serious Accident
Frequency Rate, industry should implement more effective controls (such as elimination,
substitution, isolation, or engineering controls). A significant number of the controls
reported put in place in the aftermath of an incident were administrative in nature.

The maijority of the 47 fatalities involved at least one failed or absent control that could have
prevented the fatality. The underlying factors for these absent controls often stemmed from
decisions made at a supervisory and/or organisational level in organisations.

In recent years, the role played by ineffective controls in incidents, including Serious Accidents,
is increasing.

In addition, the reported corrective actions put in place in the aftermath of Serious Accidents —
incidents with a demonstrated capability to require hospital admission for treatment — were in
62% of the cases administrative controls only. Administrative controls, despite having their place
in the industry, are some of the least effective controls available.

Recommendation 6: The industry should adopt the principles of High Reliability
Organisational theory in order to reduce the rate of Serious Accidents and fatalities.

At its most fundamental level, High Reliability Organisational theory focuses on
identifying the incidents that are the precursors to larger failures and uses this
information to prevent these failures occurring. Adopting a High Reliability Organisation
approach will require the refinement or addition of specific competencies to both the
mining industry and the Regulator.

Drift into failure, where the industry exhibits a greater acceptance of risk over time, is potentially
evident in the Queensland mining industry at both a macro and micro level.

While the 1999 legislation has made significant progress in making the industry safer, despite
this progress, the current approach has not been sufficient to reduce the fatality rate to zero in
the long term.

No single change to the mining industry will reduce this rate, what is instead required is a
change in approach to how the industry identifies and controls hazards, as well as how it
recognises and addresses them when these controls are eroding or ineffective.

A High Reliability Organisation, or HRO, understands that periods of success breed
complacency, which can lead to failures and fatalities. Periods where there are few to no
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fatalities are typically periods where a drift into failure occurs. Safety is compromised for a
variety of reasons, often benign, over time. These compromises typically result in a series of
minor near-miss incidents.

HROs actively seek out these near-miss signals, which are typically the precursors to failure.
HROs believe that these signals provide an opportunity to identify and act on existing hazards in
order to remove them from the workplace. This is the key step that helps prevent the drift into
failure.

Many of the recommendations that follow flow directly from HRO theory.

This will require the industry to develop a dedicated group with the appropriate competencies
whose role it is to collate, categorise, actively search and identify concerning trends in incident
data.

Recommendation 7: In order to proactively assist the mining industry to operate more
like High Reliability Organisations, the Regulator should play a key role in collating,
analysing, identifying, and proactively disseminating the lessons learned from the
incident and fatality data it collects from the industry.

Central to the concept of a HRO is that incident information can be actively used as a
preventative tool to educate the wider industry. The Regulator is in a critical position to fulfil this
role due to its centralised access to industry wide incident data.

The identification of developing incident trends and the timely dissemination of this information
to industry, coupled with inspections and audits aimed at ensuring the wider industry is
engaging and responding to this information will be critical in fatality prevention.

This will require the Regulator to develop a dedicated group with the appropriate competencies
whose role it is to collate, categorise, actively search and identify concerning trends in incident
data for the industry.

Recommendation 8: The Regulator should develop a new and greatly simplified incident
reporting system that is easy to use by those in the field, that is unambiguous, and that
aims to encourage open reporting, rather than be an administrative burden to reporting.

The current reporting system is a product of evolution over the past 19%% years, rather than a
system designed to take advantage of current technology. Due to its evolutionary nature, it is
cumbersome, ambiguous, and difficult for the industry to use.

In order for the Regulator to play a central role in collating and analysing data, they must
develop a system that maximises the probability of incident reporting. In HROs there is no such
thing as a safety culture, rather there is a reporting culture. Currently, the data suggests under-
reporting of incidents is occurring, and steps to address this issue are required.

The Regulator should develop a new system to address these shortcomings. While this review
does not intend to set out the specific details of such a system, it should be in line with modern
mobile technology, preferably app based, and the Regulator should ensure that the
administrative burden of reporting is minimised, e.g., consider allowing the industry to report the
incident in text based form, which reduces the need to fill in fields and categories pertaining to
the incident.

The Regulator should also consider the development of a dual reporting system to discourage
potential under-reporting of incidents. The role of this dual system is to ensure that two reports,
by separate individuals/companies/institutions, are submitted to the Regulator. For example, if a
person is admitted to a hospital for treatment, i.e., a Serious Accident, then the hospital can
make an independent report, which should be cross-checked to ensure the mine site also
provided a report of the incident.

It should also be accepted that there will be an inevitable tension between the need to capture
comprehensive information on an incident, while at the same time avoiding the discouragement
of reporting due to the volume of information required.
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Recommendation 9: The industry should shift its focus from Lost Time Injuries (LTIs)
and the Lost Time Injury Frequency Rate (LTIFR) as a safety indicator.

LTls as a safety indicator are problematic. LTIs are prone to manipulation, are a measure of
how the industry manages injuries after they have occurred, as opposed to a measure of
industry safety. It is possible, therefore, to reduce the LTIFR without making the industry safer.

Further, an analysis of the fatalities shows that many of the causal factors would not have

caused injuries prior to the fatality. Therefore, they would not be recorded as LTls, with them
remaining unidentified as issues. At best the LTI Frequency Rate is a distraction that focuses
industry on the wrong safety measure, at worst it results in early warning signs being missed.

Recommendation 10: The Regulator should adopt the Serious Accident Frequency Rate
as a measure of safety in the industry.

Selecting a metric for determining if the mining industry is getting more or less safe is
challenging. This metric must be both a true reflection of safety in the industry, as well as a
metric that is not easily manipulated.

Therefore, it is recommended that the Serious Accident Frequency Rate be selected as the
appropriate metric. There are a number of reasons for this selection:

e Apart from the fatality rate, the Serious Accident Frequency Rate is a genuine reflection
of how many people are getting seriously injured to require admission to hospital for
treatment,

e The Serious Accident Frequency Rate is least likely to be susceptible to both conscious
and subconscious manipulation. To qualify as a Serious Accident, determination of a 3
party from the medical profession is required.

Recommendation 11: The Regulator should adopt the High Potential Incident Frequency
Rate as a measure of reporting culture in the industry.

Rather than viewing the High Potential Incident Frequency Rate as a measure of the level of
safety in the industry, it should be viewed as a measure of the reporting culture.

High Potential Incident reporting should be encouraged in order to better ensure early warning
signals of impending incidents and fatalities are captured and disseminated to the wider
industry. This provides the best opportunity to identify hazards before they cause harm and
ensure they are effectively controlled.
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APPENDIX A
Explanation of Industry Roles

Introduction

This appendix sets out the various roles and obligations of those roles for the Queensland
Mining Industry.

The Role of the Mine Operator

An operator for a mine has legislated obligations, which are broadly similar for coal mines? and
mineral mines and quarries?. These include obligations to:

e Ensure risk to mine workers is at an acceptable level,

e Ensure their method of operating does not affect their own and others’ safety and
health,

e Appoint a site senior executive (SSE) for the mine and ensure the SSE,
i. Develops and implements a safety and health management system for the mine,

ii. Develops, implements and maintains a management structure for the mine that
helps ensure the safety and health of persons at the mine,

e Audit and review the effectiveness and implementation of the safety and health
management system to ensure the risks to persons from coal mining operations are at
an acceptable level,

e Provide adequate resources to ensure the implementation and effectiveness of the
safety and health management system.

The mine operator has an obligation not to operate the mine without a safety and health
management system for that mine (unless it is an opal or gem mine with 4 or fewer workers).

The Role of the Site Senior Executive

The site senior executive (SSE) for a mine is the most senior officer employed by the mine
operator, who is located at or near the mine, and has responsibility for the mine.

An SSE for a mine has obligations in relation to the safety and health of persons who may be
affected by mining operations. Obligations for SSEs are broadly the same across coal mines*
and mineral mines and quarries>. They include obligations to:

e Ensure the risk to persons from mining operations is at an acceptable level,

e Ensure the risk to persons from any plant or substance provided by the site senior
executive for the performance of work is at an acceptable level,

e Develop and implement a safety and health management system (SHMS) for all persons
at the mine, including contractors and service providers,

e Give a contractor or service provider at the mine information in the SSE’s possession
about all relevant components of the mine’s SHMS, so that the contractor or service
provider may comply with their obligations to:

i. ldentify risks arising in relation to any work to be undertaken by the contractor at
the mine, and

Details provided by the DNRME.

Section 41 of the Coal Mining Safety and Health Act 1999 (Qld).

Section 38 of the Mining and Quarrying Safety and Health Act 1999 (QId).
Section 42 of the Coal Mining Safety and Health Act 1999 (Qld).

Section 39 of the Mining and Quarrying Safety and Health Act 1999 (QId).

[V N VO R S Y
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ii.  Ensure no work is undertaken by the contractor until the contractor has given the
SSE a safety and health management plan and has made all changes required
by the SSE to enable the plan to be integrated into the SHMS for the mine,

e Review safety and health management plans of contractors and service providers and, if
necessary, require changes to be made to those plans to enable them to be integrated
with the mine’s SHMS,

e Develop, implement and maintain a management structure for the mine that helps
ensure the safety and health of persons at the mine,

e Ensure no work is undertaken by a mine worker at the mine until the worker:

i. Has been inducted in the mine’s SHMS to the extent it relates to the work to be
undertaken by the worker,

ii. Has received training about hazards and risks at the mine to the extent they
relate to the work to be undertaken by the worker, and

iii. Has received training so the worker is competent to perform the worker’s duties.
e Provide for:
i. Adequate planning, organisation, leadership and control of mining operations,

ii.  The carrying out of critical work at the mine that requires particular technical
competencies,

iii. Adequate supervision and control of mining operations on each shift at the mine,

iv.  Regular monitoring and assessment of the working environment, work
procedures, equipment, and installations at the mine,

v. Appropriate inspection of each workplace at the mine including, where necessary,
pre-shift inspections,

vi. Adequate supervision and monitoring of contractors and service providers at the
mine.

The SSE also has additional obligations particular to the management of surface and
underground mines in relation to appointing persons who possess required qualifications. This
includes appointing an underground mine manager to control and manage the mine who
possesses a first class certificate of competency for an underground coal mine or mine (except
for MMQ where fewer than 20 people work in the mine).

The Role of the Underground Mine Manager
(in Coal Mining)®

The Underground Mine Manager is responsible for controlling and managing the mine, and
must hold a first-class certificate of competency for an underground coal mine.

The Underground Mine Manager must appoint a person holding a first or second class
certificate of competency or a deputy’s certificate of competency to:

e Be responsible for the control and management of underground activities when the
manager is not in attendance at the mine,

e Have control of activities in one or more explosion risk zones.

The Underground Mine Manager must also appoint a person(s) with appropriate competencies
to control and manage the mechanical and electrical engineering activities of the mine.

A coal mine operator or site senior executive may appoint a person as underground mine
manager for more than one mine at the same time only with the written approval of the chief
inspector.

6 Section 60 of the Coal Mining Safety and Health Act 1999 (Qld).
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The Role of Site Safety and Health Representatives

The workers at a mine may elect up to 2 of their number to be the site safety and health
representatives (SSHRs) for the mine for the term decided by the workers. The role and
functions of SSHRs are broadly similar across coal mines and mineral mines and quarries.

An SSHR for a coal mine has the following functions”:

e Toinspect the coal mine and review procedures in place at the mine to assess whether
the level of risk to coal mine workers is at an acceptable level

e To detect unsafe practices and conditions at the coal mine and to take action to ensure
the risk to coal mine workers is at an acceptable level

e Toinvestigate complaints from coal mine workers at the mine regarding safety or health.

An SSHR for a mineral mine or quarry has the following functions?:

e Toinspect parts of the operations and participate in inspections and investigations
conducted by the SSE or a supervisor, inspector, inspection officer or authorised officer,

e To review the circumstances of injuries, illnesses and high potential incidents,

e To consult with supervisors about corrective and preventive action, and about other
safety and health matters,

e To consult with district workers’ representatives, inspectors, advisers and independent
experts,

e To help in the resolution of safety and health issues,
e Toinvestigate complaints from coal mine workers at the mine regarding safety or health,

e To refer safety and health matters to the site safety and health committee as
appropriate.

If an inspection report indicates the existence or possible existence of danger, the SSHR must
immediately notify the SSE or responsible supervisor, and provide a copy of same to an
inspector®.

If an SSHR believes an SHMS is inadequate or ineffective '°:
e The representative must inform the SSE, and,

e |f the SSHR is not satisfied the SSE is remedying these deficiencies, the SSHR must
advise an inspector.

The inspector must investigate the matter and report the results of the investigation in the mine
record.

An SSHR has powers to enter any area of the mine within their area of representation to
execute their functions (upon reasonable notice to the SSE or SSE representative), and to
examine any documents held by the SSE under the Act required by the SSHR to assess
whether mine procedures achieve an acceptable level of risk to mine workers'!.

7 Section 99 of the Coal Mining Safety and Health Act 1999 (Qld).

8 Section 92 of the Mining and Quarrying Safety and Health Act 1999 (Qld).

0 Section 99(4) of the Coal Mining Safety and Health Act 1999 (Qld) and section 92(4) of the Mining and Quarrying
Safety and Health Act 1999 (Qld).

10 Section 99(5) of the Coal Mining Safety and Health Act 1999 (Qld) and section 92(5) of the Mining and Quarrying
Safety and Health Act 1999 (Qld).

1 Section 100 of the Coal Mining Safety and Health Act 1999 (Qld) and section 93 of the Mining and Quarrying
Safety and Health Act 1999 (Qld).
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If an SSHR reasonably believes a danger to the safety or health of workers exists because of
mining operations, the SSHR may, subject to certain legislative conditions'?, order the
suspension of mining operations.

If the SSHR reasonably believes there is immediate danger to the safety and health of mine
workers from mining operations, the representative may stop the operations immediately'*. The
SSHR must give a written report to the SSE about the action taken to stop the mine and the
reasons for taking that action.

The SSE must ensure that mining operations stopped on this basis are not restarted until the
risk to mine workers from the operations is at an acceptable level.

An SSHR must not unnecessarily impede production at a mine when exercising the
representative’s powers or performing the representative’s functions.

An SSE for a coal mine must tell an SSHR at the mine about the following things:

e Aninjury or iliness to a person from coal mining operations that causes an absence from
work of the person,

e A high potential incident happening at the coal mine,

e Any proposed changes to the coal mine, or plant or substances used at the coal mine,
that affect, or may affect, the safety and health of persons at the mine,

e The presence of an inspector or inspection officer at the coal mine if the representative is
at the mine,

e Adirective given by an inspector, inspection officer or industry safety and health
representative about a matter.

The role of Industry Safety and Health Representatives'

The union may, after a ballot of its members, appoint up to 3 persons to be industry safety and
health representatives (ISHR) for a period of up to 4 years. To be eligible for appointment as an
ISHR, a person must hold a first or second class certificate of competency or a deputy’s
certificate of competency!”.

ISHRs’ functions are set out at section 118 of the Coal Mining Safety and Health Act 1999:

e Toinspect the coal mine and review procedures in place at the mine to assess whether
the level of risk to the safety and health of coal mine workers is at an acceptable level,

e To review procedures in place at coal mines to control the risk to safety and health of
coal mine workers so that it is at an acceptable level,

e To detect unsafe practices and conditions at coal mines and to take action to ensure the
risk to the safety and health of coal mine workers is at an acceptable level,

e To participate in investigations into serious accidents and high potential incidents and
other matters related to safety or health at coal mines,

e To investigate complaints from coal mine workers regarding safety or health at coal
mines and

e To help in relation to initiatives to improve safety or health at coal mines.

See section 101 of the Coal Mining Safety and Health Act 1999 (Qld) and section 94 of the Mining and Quarrying
Safety and Health Act 1999 (Qld).

13 Section 101(3) of the Coal Mining Safety and Health Act 1999 (Qld) and section 94(3) of the Mining and
Quarrying Safety and Health Act 1999 (Qld).

Coal mines only.

15 Section 109 of the Coal Mining Safety and Health Act 1999 (Qld).
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ISHRs have powers!® to:

e Make inquiries about the operations of coal mines relevant to the safety or health of coal
mine workers;

e Enter any part of a coal mine at any time to carry out the representative’s functions, if
reasonable notice of the proposed entry is given to the site senior executive or the site
senior executive’s representative;

e Examine any documents relevant to safety and health held by persons with obligations
under this Act, if the representative has reason to believe the documents contain
information required to assess whether procedures are in place at a coal mine to achieve
an acceptable level of risk to coal mine workers;

e Copy safety and health management system documents, including principal hazard
management plans, standard operating procedures and training records;

e Require the person in control or temporarily in control of a coal mine to give the
representative reasonable help in the exercise of their powers;

e |ssue a directive to suspend operations for unacceptable level of risk.

An ISHR has obligations'” to:

e Advise the SSE if they believe an SHMS is inadequate or ineffective with supporting
reasons, and

e Advise an inspector if the SSHR is not satisfied the SSE is taking necessary action to
remedy these deficiencies (which must then be investigated and reported by the
inspector).

An ISHR also must not exercise their powers or perform their functions in a manner which
unnecessarily impedes production at a coal mine!'8.

16 Section 119 of the Coal Mining Safety and Health Act 1999 (Qld).
17 Section 121 of the Coal Mining Safety and Health Act 1999 (Qld).
18 section 120 of the Coal Mining Safety and Health Act 1999 (QId).
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The Role of District Workers’ Representatives!®

The Minister may appoint up to 4 persons with appropriate competencies and experience to be
district workers’ representatives (DWRs) for a period of up to 4 years?.

A DWR has the following functions?':
e To help, represent and advise workers on matters relating to safety and health,

e Toinspect mines to assess whether the level of risk to the safety and health of workers
is at an acceptable level,

e To participate in inspections by inspectors and inspection officers,

e To participate in investigations into serious accidents and high potential incidents and
other matters related to safety or health at mines,

e Toinvestigate complaints from workers regarding safety or health at mines,
e To help in relation to initiatives to improve safety or health at mines.

A DWR’s powers are set out at section 116 of the Mining and Quarrying Safety and Health Act
1999 and are equivalent to the powers of an ISHR (see above).

19 Mineral mines and quarries only.

20 section 108 of the Mining and Quarrying Safety and Health Act 1999 (Qld).
21 Section 115 of the Mining and Quarrying Safety and Health Act 1999 (Qld).
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APPENDIX B
Fatalities (2000-2019)

Breakdown of the 47 Fatalities.

Vehicle accidents resulted in 15 fatalities, and consisted of:
o 3 fatalities where the vehicle drove over an edge with an insufficient safety berm/bund,
e 5 fatalities where the deceased was a pedestrian,
e 2 fatalities caused by an uncontrolled runaway vehicle with faulty brakes,

e 5 other vehicle collisions, of which:
o 2 involved the deceased not wearing a seatbelt,
o 1 involved faulty brakes,
o 1 involved both faulty brakes and the driver not wearing a seatbelt,
0o 1 caused by possible worker fatigue.
12 of the fatalities involved the worker being caught in, or struck by, machinery:
e Two quarry workers were pulled into conveyor belts that did not have guards attached,
e Two workers were crushed after being caught in moving parts of their vehicle,

e Two workers were struck by metal plates they were removing from machinery while
conducting maintenance activities,

e Two workers were struck by objects that fell from cranes during maintenance activities,
e One worker was struck by a hopper door while conducting maintenance activities??,

e One worker was crushed between the arm and control panel of a crane while loading
a vehicle,

e One worker was struck by a pressurised air line,

e One worker was crushed by the tray of a haul truck, which fell while undergoing
maintenance.

Rib falls, roof falls and rock falls resulted in 10 fatalities:

e Two rock falls involved opal miners, each working alone, who died from asphyxiation
after a rock roof collapsed on them,

¢ Two fatalities involved the deceased worker being struck by slabs of coal falling off the
wall in underground coal mines,

e Aroof fall occurred due to weak roof strata, causing a section of roof to fall, striking a
worker,

o Five fatalities occurred after the deceased was struck by falling rocks.

4 workers, none of whom were wearing fall arrest equipment, died after falling from a height:
e 2 workers fell from a highwall or bench at an open cut mine,
o 1 worker fell through an open ore pass in an underground mine,

e 1 worker fell as result of a man basket detaching from a forklift23. The worker was in the
man basket.

22
23

A hopper forms part of a crushing plant at a quarry and feeds rocks into the crushing mechanism.
A man basket is a small platform that can be attached to a crane or similar vehicle, allowing the worker to work
at heights.

Prepared for Department of Natural Resources, Mines and Energy page 86



Brady Review, December 2019

Tyre failures resulted in 4 fatalities, all occurring during wheel/tyre handling activities:

e Two fatalities involved tyres exploding after having been driven while underinflated?*:

o A worker replaced a tyre with a repaired tyre, which had been damaged while
driven underinflated. The tyre had a zipper failure and burst when the vehicle
was lowered to the ground, releasing a shockwave of air and fatally injuring the
worker,

o Another involved a worker changing a flat truck tyre. The truck had carried a
full load with a flat tyre, which had caused the lock ring to dislocate and violently
strike the adjacent tyre’s lock ring. This resulted in a sudden expulsion of air,
propelling the flat tyre 13 metres, killing one worker and seriously injuring
another.

e One fatality involved a tyre locking ring, which was from a different manufacturer to the
rest of the assembly, that was also fitted incorrectly?®. In this case, the deceased
worker’s colleague was not assessed as competent in tyre fitting and the tyre may have
been inflating at the time of the accident?6. Consequently, the tyre and rim components
were propelled off the wheel, striking and killing the worker.

e One fatality occurred when the worker was struck by components of a wheel rim
assembly while disassembling the wheel. The rim had exceeded its design life and was
cracked, and the tyre had not been deflated prior to removal, allowing an uncontrolled
release of energy.

Fire resulted in 1 fatality, with the deceased being the child of a mine caretaker?’. A fire started
in a front room of a caretaker’s residence — the cause was unknown.

Irrespirable atmospheres resulted in 1 fatality?®. A worker opened a hatch to a longwall goaf (a
section of mine that had already been mined), which contained an atmosphere that had been
purged of oxygen. The atmosphere flowed out of the goaf and asphyxiated the worker.

For further information on these fatalities, see the following tables and causal diagrams.

Fatality Summary and Causal Diagrams

The information in tables 1 and 2 was provided by the Regulator and lists the 47 fatalities that
were examined in this review?. Causal diagrams are also provided for the fatalities, except for
those that occurred after 30 June 2018, namely:

e Baralaba Coal Mine, 7/07/2019,

e Middlemount Coal Mine, 26/6/2019,
e Moranbah North Mine, 20/02//2019,
e Saraji, 31/12/2018,

e Fairfield Quarry, 15/11/2018,

e Jack’s Quarry, 29/07/2018.

These fatalities weren’t included in the causal diagrams out of sensitivity to the families and
friends of the deceased and/or because of the potential for enforcement action.

The causal diagrams are displayed in the order shown in tables 1 and 2.

24 The (2010) Foxleigh and the (2004) Century Mine fatalities.

25 The (2015) Dawson Mine fatality.

26 The Nature and Cause report was inconclusive on this issue as there was some conflicting evidence.

27" The 2005 Bracalba Quarry fatality.

28 The 2014 Grasstree Mine fatality.

29 https://www.business.qgld.gov.au/industries/mining-energy-water/resources/safety-health/mining/accidents-
incidents-reports/investigations-inquiries
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APPENDIX C
Overview and History of Regulators Data
Collection (2000-2019)

Introduction

The purpose of this section is to review the history of the Regulator’s incident reporting system
from 2000 to July 2019.

Overview of Incident Reporting System from 2000-2019

The key elements of the system are:

Initial notification: An initial notification containing basic information is provided to an inspector
by the mine soon after an incident occurs. This notification is only required for Serious Accidents
(which includes fatalities) and High Potential Incidents, but can also be submitted for Lost Time
Injuries and Non-Reportable Incidents if the mine is unsure whether they need to report or
believe they are otherwise significant.

Form 5A: A more detailed description of the incident is provided by the mine to an inspector at
a later date. Required for Serious Accidents, High Potential Incidents (including Fatalities) and
Lost Time Injuries.

LTAD entry: A verified version of the Form 5A is entered into the Lost Time and Accidents
Database (LTAD) by a departmental administration officer after the Form 5A is reviewed. This is
a requirement for Serious Accidents, High Potential Incidents and Lost Time Injuries.

Currently, the general process for reporting an incident is as follows:
Incident occurs,
Initial notification:

i. A mine-worker, usually the Site Senior Executive (SSE), notifies an inspector via
phone (optional),

ii. If the SSE makes the initial notification orally (via phone), the SSE must provide
an inspector with written confirmation of the incident within 48 hours, or 24
hours in the case of a fatality. Further, the legislation prescribes specific detail
(primary information)3° that must be included in the notification if the incident is
one of the following:

(i) Serious Accidents resulting in a person receiving bodily injuries
endangering or likely to endanger the person’s life,

(i) Injuries causing or likely to cause a permanent injury to the person’s
health,

(iii) High Potential Incidents of a type prescribed under regulation,

(iv) A fatality at a mine, whether or not the fatality was caused by an
accident at the mine.

(v) Written confirmation and basic information usually provided using Form
1A31.32,

30 S198(3) of the Coal Mining Safety and Health Act 1999 and s195(3) of the Mining and Quarrying Safety and
Health Act 1999.

The Form 1A is a template created by the department which contains areas to enter all information needed to
satisfy legislative requirements.

Across Coal, there is no one form, many operators have amended it to suit their needs.

31

32
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(vi) Inspector records all details from Form 1A into an Incidents Database in
Lotus Notes, including selection of appropriate classification options as
required33.

Form 5A:
i Mine completes and submits Form 5A via online Portal within 1 month of incident,

ii. Details from Form 5A automatically entered into MIR Website Submissions
database in Lotus Notes (Form 5A Database). This database also collects
monthly statistics such as hours worked,

iii. Form 5A emailed to regional inspector, administration officers and departmental
statisticians.

LTAD entry:
i. Administration officers and mines inspectors review Form 5A for accuracy,

ii. Administration officers or mines inspectors raise potential issues with mines and
resolve them,

iii. If incident is a Lost Time Injury, mines inspector selects appropriate classification
options for 4 additional fields34,

iv. Administration officers enter corrected information from Form 5A and additional
fields completed by mines inspector into the Lost Time and Accidents Database
(LTAD) within 1 month of receiving Form 5A. Information entered into HPI
section, LTI section or both, as appropriate. If entered into both, administration
officer links the two records,

V. Administration officers link Form 5A record in Website Submissions database in
Lotus Notes to matching Form 1A record in Incidents database in Lotus Notes.

Since 2000, this system has undergone a number of changes:
1 In 2000:
a) Mine provides initial notification of incident via phone call to inspector,

b) Form 1A exists in paper form. It is a general notification form, not limited to the
reporting of incidents. It is held in inspectorate offices and completed by
departmental staff based on information provided by mines,

c) Form 5A exists in paper form. It is broadly similar to the current Form 5A. It is
issued to mines, which submit them to the inspectorate after an incident, via post or
fax. Form 5As are not linked to Form 1As. Reporting of Lost Time Injuries had been
in place for over a decade by 2000, but reporting of High Potential Incidents had
been implemented only a few years earlier,

d) LTAD exists electronically. It is essentially the same as it is in 2019.
2 In 2004:

a) Details of initial notification begin to be recorded electronically by inspectors in the
Incidents Database. A review of the data suggests that there may have been a
transition period to electronic recording - the number of records gradually increased
over a period after 2004 before stabilising. For a short period of time, some
members of the Coal Inspectorate recorded initial notification details electronically
in the File Notes database in Lotus Notes, instead of the Incidents database.

3. In2011:

a) An electronic version of Form 5A is introduced. Form is to be completed by the
mine, and is accessed via website, requiring valid Mine ID and email to enter. Once

33 These classification options include the hazards involved in the incident, and the type of incident that occurred.

34 The additional fields completed by mines inspectors are ‘Breakdown Agency’, ‘Agency of Injury’, ‘Mechanism of
Injury’, and ‘Occurrence Class’

35 The total number of notifications recorded in the File Notes database was less than 300.
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the electronic form was submitted, it is automatically entered into the Form 5A
Database, and sent as an email to administration officers, and departmental
statisticians. The paper version of Form 5A was discontinued at this time3¢. The
data suggests that industry may have taken some time to adjust to the electronic
Form 5A system?7.

4. In2012:

a) Serious Accidents are introduced as a classification option in the Incidents
Database for inspectors to select when recording an incident (if appropriate). Prior
to this, whether an incident was considered a Serious Accident or not wasn't
recorded in the Incidents database, in the Form 5A, or in LTAD, and could only be
inferred from descriptions.

5. In2014:

a) Additional fields and classification options were added to the Form 5A in
anticipation of the implementation of the National Mine Safety Framework (NMSF).
This framework was not implemented, but would have aligned incident reporting
fields and classification options across states. As the framework was not
implemented, these changes were not carried across to LTAD.

These changes are summarised in Figure 1.

Manual examination of incidents database for
annual report, i.e. incidents upgraded to HPI
Annual Report
HPIs-
Late
1990s LTAD (Electronic, entered by human in Dept based on Form 5a paper/electronic)
d
-
Form 5a (Electronic, into Lotus Notes)
2011
Form 5a (Paper) Form ba (Paper)
-------------- &
1
1
2000 2010 2019

Figure 1 Timeline of changes to incident reporting system

Based on the above, the status of the data held by the Regulator, prior to this review, can be
summarised as follows:

LTAD is based on data from both the paper and electronic versions of the Form 5A and covers
the review period. While this may appear to be the most complete dataset, it does not
definitively identify an incident as a Serious Accident in the way that the Incidents Database
does from 2012 onwards. Additionally, LTAD does not contain all the HPIs — there are HPIs
recorded in the Incidents Database, which never had a corresponding Form 5A submitted,
which meant they were not recorded in LTAD. Also, as LTAD stores records of HPIs and LTlIs
separately, they must be recombined to generate a complete dataset before use. LTAD does
not include the fields completed by inspectors when entering a record in the Incidents Database,

36 However, paper version was still accepted if mine submitted an old one. In this case, no electronic record would
be entered to Website Submissions database in Lotus Notes, but LTAD entry would still be completed.

37 During the period of 2011 to 2014, we see a substantial number for HPIs entered in the Incidents database in
Lotus Note without a corresponding Form 5A in the Website Submissions database in Lotus Notes or a
corresponding entry in LTAD.
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nor does it include the fields added to the Form 5A in anticipation of the implementation of the
NMSF,

Lotus Notes contains the data identified as absent from LTAD above. However, neither the
Incidents or Form 5A Databases span the entire period back to 2000. The Incidents Database
covers the period from 2004 onwards, but only specifically records Serious Accidents from
2012. The Form 5A Database covers the period from 2011 onwards. This database does not
collect all of the information that a mine enters online. The data has been limited for the NMSF
and what was considered relevant to collect to prove the database concept before ultimately
moving away from LTAD. Both databases also omit the 4 additional fields completed by a mines
inspector when creating a LTI entry in LTAD.

The regulator has attempted to manage these issues when creating the Annual Mining Safety
and Health Performance Report. It is understood that the annual report was prepared as
follows:

LTAD forms the primary data source for the report. Prior to the 2009-10 annual report, it was
the only data source used for incident statistics,

From the 2009—-10 annual report onwards, the Regulator has manually examined the Incidents
Database to check whether incidents that were not classified as HPIs should have been
classified as such, and also to identify incidents that should have an entry in LTAD, but don’t
have one as no Form 5A was submitted. Incidents that should have been classified as HPIs
were counted towards statistics. Incidents in the Incidents Database that should have had a
corresponding entry in LTAD were also counted towards statistics as appropriate38.

Based on the above, this approach taken by the Regulator is considered reasonable — the
Annual Report remains the best record of the actual number of incidents, specifically HPIs, that
are occurring in the industry.

38 While this process was undertaken, these corrections were not carried across to LTAD or the Form 5A Database.
Instead, these amendments are recorded in a separate series of Excel Spreadsheets.
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APPENDIX D
Incident Statistics (2000-2019)

Current Manner of Data Collection

Fundamentally, the Regulator requires that a mine reports a fatality as soon as practicable, and
a Serious Accident, LTI, or HPI within 48 hours2?. Then within 30 days the mine provides follow-
up details on the event or incident*?. This information is collated and stored by the Regulator in
various systems, namely Lotus Notes and the Lost Time Accident Data (LTAD) database*'.

The Regulator’s current reporting system is cumbersome, ambiguous, time consuming, prone to
data entry errors and difficult for the industry to use“2. This is largely because it is a product of
its evolution over the past 19 years: Additional requirements have been added onto the system,
elements of the system have changed, and some elements have moved from being paper
based to electronic.

A key aspect of this reporting process is coding various types of information for the incidents.
For example, the reporting involves completing many free-text fields# (e.g., a description of how
the accident occurred), and selection fields#4(e.g. hazard, equipment involved, location of
incident).

Each of these fields have several classification options#, e.g., under the equipment involved
field, the classification options included Dozer, Grader, etc. A review of the coding of incidents
showed a considerable number of classification options were available, but the industry only
used very few on a regular basis.

Data Integrity Issues

Following a detailed examination of the Regulator’s incident data, significant data integrity
issues were encountered, including:

¢ No single system, neither Lotus Notes nor LTAD, captured all of the events, incidents
or data reported to the Regulator. For example, Lotus Notes included many events that
were not included in LTAD*6,

e There were mismatches between information stored in Lotus Notes
and LTAD,

e The datasets contained duplicates, some of which were obvious, while others remained
less obvious.

Based on these findings a process to improve the integrity of the dataset was undertaken.
These steps included:

e Combining all of the data from the various data sources, removing duplicates and
resolving conflicting data,

39
40
41
42
43

The report is captured on what is known as a Form 1a, which is stored in Lotus Notes.

This report is completed using a Form 5a, and stored in LTAD and Lotus Notes.

LTAD means Lost Time Accident Database.

A history of data collection is provided in Appendix C.

A field is a specific piece of information entered when filling out a form. A free-text field is a field that allows the
user to type their own response.

A selection field is a field that requires the user to select from a set of classification options provided by the form.
A selection field may allow for the selection of only one classification option, or multiple classification options.
A classification option is one of a set of predetermined responses that can be selected when completing a
selection field.

This appears to have been because of an absence of a Form 5a for the incident. The incident was reported on
a Form 1a, and was recorded in Lotus Notes, but the absence of a Form 5a meant the same incident was not
included in LTAD. Note that the incident statistics provided in the annual reports do appear to include these
‘missing’ events, which is appropriate.

44

45

46
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e Introducing a greatly simplified set of fields and classifications for events and incidents.
This simplification focused on significantly reducing the number of available reporting
classifications and removing ambiguity,

e Each of the circa 40,000 events and incidents were then manually checked to ensure
that the classification coding matched the incident descriptions.

These steps are considered to have significantly improved both the dataset’s accuracy and
simplicity. Any errors remaining in the dataset are considered minor and highly unlikely to alter
the conclusions and recommendations of this report.

Prepared for Department of Natural Resources, Mines and Energy page 138



Brady Review, December 2019

Additional Charts

Figure 2 reproduces the distribution of fatalities per sector.

Fatal Accidents by Sector
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Figure 2 Distribution of Fatalities per Sector

Figure 3 shows the boxplot for the number of Serious Accidents per million hours worked per
sector4’. The box plots are based on yearly totals for both Serious Accidents and hours worked.

Boxplot of Serious Accidents Frequency Rates by Sector
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Figure 3 Boxplot of Serious Accidents per million hours worked per sector

47 A boxplot provides a picture of the distribution of data. The horizontal line in the centre of each blue rectangle

marks the median observation — 50% of observations have a value higher, and 50% have a value lower.
The rectangle contains 50% of the overall observations, while the top and bottom 25% are distributed along
the lines extending from the top and bottom of the rectangle. Outliers — values significantly different from the
other observations — are excluded and are marked by crosses.
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Excluding coal and materials exploration, mineral quarries had the highest rate of Serious
Accidents. These box plots also indicate that the typical rate of Serious Accidents is between 0
and 2.5 per million hours worked, with some variation among the sectors.

Figure 4 shows the hazards for Serious Accidents.

Serious Accidents:
Hazard:
Level 1

150

125

100

75

50

Fire and Heat
Electricity

25

Machinery

Fall of Person

Falling or Moving Objects
Vehicle Movements
Fall of Ground

Other

Fall of Structure
Exceedance
Explosions
Contaminant Exposure
Inundation

Production/Process incidents

Figure 4 Hazard for Serious Accidents

Machinery was the most common hazard for Serious Accidents, followed by falls of people, and
then falling or moving objects. Figure 5 shows a breakdown of machinery related Serious
Accidents. Getting caught in a nip point is a major cause, as is entanglement. Laceration by a
sharp object and being struck by moving machinery also remains high.

Serious Accidents:

Hazard:
Machinery

50+

40+

30+

20+

-
o o

Unplanned movement of equipment (eg CM)

Caught in nip point
Laceration with sharp object
Struck by moving machinery

Other machinery
Equipment failure
Fluid injection

Tyre failure

Whole body vibration
Machinery noise
Guardinge

Entangled in moving machinery or equipment

Figure 5 Machinery related incidents

Figure 6 show a further breakdown of vehicle movement related Serious Accidents.
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Serious Accidents:

Hazard:
Vehicle Movements
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Figure 6 Breakdown of vehicle movements

Figure 7 shows the occupation of those involved in a Serious Accident. Miners were involved
in the largest number of Serious Accidents, with fitters and truck operators also recording

significant numbers.
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Figure 7 Occupation of person involved in a Serious Accident

Figure 8 show the body location where the injury was sustained.
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Serious Accidents:
Location of Injury:
Level 1
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Psychological system
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Figure 8 Body location where injury occurred 48

Hearing

Figure 9 provides a further breakdown on the body location. Injuries to fingers are the most

common, followed by the hands, thumbs and lower leg.

Serious Accidents:
Location of Injury:
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Figure 9 Further breakdown of body location
Figure 10 shows the Serious Accident body location for employees and contractors.
48 In some cases, it is possible for numerous body parts to be affected. These charts present the overall total of
body locations, and therefore will total more than the number of discrete accidents.
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Serious Accidents:
Location of Injury:
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Figure 10 Location of Injury for Serious Accidents for Employees and Contractors

Figure 11 provides an overview of the number of HPIs reported per million hours worked
per industry sector®. The box plots are based on yearly totals for both HPIs and
hours worked.

Boxplot of High Potential Incidents Frequency Rates by Sector
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Figure 11 Boxplot of HPIs per million hours worked per sector %

On average the HPI rate for underground coal is higher than the other industries. Quarries also
have a high HPI rate, with the lowest rates being for minerals open cut and mining other.

49 The boxplots are based on the yearly number of HPIs reported per sector, divided by the number of hours worked
in that year per sector.

50 A boxplot provides a picture of the distribution of data. The horizontal line in the centre of each blue rectangle
marks the median observation — 50% of observations have a value higher, and 50% have a value lower. The
rectangle contains 50% of the overall observations, while the top and bottom 25% are distributed along the lines
extending from the top and bottom of the rectangle. Outliers — values significantly different from the other
observations — are excluded and are marked by crosses.
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Figure 12 shows the hazards for HPIs. The largest number of HPIs occur because of vehicle
movements, fire and heat, and electricity.
High Potential Incidents:

Hazard:
Level 1
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Fire and Heat
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Fall of Ground
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Fall of Person
Other
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Exceedance
Contaminant Exposure
Inundation

Production/Process incidents

Figure 12 Hazards for HPIs

Figure 13 shows the hazards for Serious Accidents, included here for comparison purposes.

Serious Accidents:
Hazard:
Level 1
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Fire and Heat
Electricity
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Fall of Person

Falling or Moving Objects
Health

Vehicle Movements
Fall of Ground

Other
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Explosions
Contaminant Exposure
Inundation

Production/Process incidents

Figure 13 Hazards for Serious Accidents

The figures are quite different — while the largest source of HPIs were vehicle movements, fire
and heat, and electricity, the largest sources of Serious Accidents were machinery, fall of
person, falling or moving objects, health, followed by vehicle movements and fall of ground.

Also of interest is the ratio of HPIs that were also Serious Accidents. For vehicle movements
there were circa 10,000 HPIs and 50 Serious Accidents. This is not surprising, many near
misses are to be expected with vehicles, without them necessarily resulting in an injury.
Contrast this ratio with Machinery, where there were circa 2,000 HPIs and 160 Serious
Accidents.

Figure 14 shows the breakdown of vehicle related HPIs.
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High Potential Incidents:
Hazard:
Vehicle Movements

2000+
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500
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Unplanned movement of vehicle
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Failure of vehicle
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Thrown from vehicle

Unspecified vehicle movements
Collision with an animal

Figure 14 Breakdown of vehicle movements

Figure 15 shows the breakdown of fire and heat — with vehicle fires generating the most HPlIs.
However, while vehicle fire generates a significant number of HPIs, it is not, as yet, resulting in
Serious Accidents.

High Potential Incidents:

Hazard:
Fire and Heat

4000+

3000+

20001

1000+

o

Spontaneous Combustion 4

Vehicle Fire
Other fire
Contact with Hot Object/Surface/Liquid
Conveyor Fire 1
Underground Frictional Ignition 4
Heat stress/stroke 4
Dehydration 1
Exposure to cold objects

Figure 15 Breakdown of fire and heat

Figure 16 shows the equipment involved in HPIs.
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Figure 17 shows a further breakdown for equipment. Rear dump trucks generate the most HPIs,

followed by dozers and vehicles under 5 tonnes.

Figure 16 Equipment
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Figure 18 shows the distribution of LTls across various industry sectors.
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Lost Time Injuries by Sector
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Figure 18 Distribution LTIs by Sector

Figure 19 shows the number of LTIs per million hours worked per sector. The boxplot is based
on yearly totals.

Boxplot of Lost Time Injuries Frequency Rates by Sector
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Figure 19 Number of LTIs per million hours worked

Excluding coal and mineral exploration, underground coal and quarries have the next highest
rates. This is consistent with both the HPIs and the Serious Accidents.
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Figure 20 shows the hazards for LTls. Health generates the greatest number of LTIs, followed
by fall of person, machinery, and falling or moving objects.
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Figure 20 Hazards for LTIs
Figure 21 shows a breakdown of health related LTls.
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Figure 21 Breakdown for Health category for LTIs

Figure 22 shows the breakdown for Machinery, with entanglement and other machinery
generating the highest number of LTls.
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Lost Time Injuries:
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Machinery
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Figure 22 Breakdown for Machinery category for LTIs

Figure 23 shows the breakdown of the various occupations for LTIs. Miner, truck operator and

fitter generate the greatest number of LTIs. This is a similar finding to the Serious Accidents.
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Figure 23 Distribution by Occupation of LTIs

Figure 24 shows the fatality frequency rate by sector. Quarries have the highest rate, with open

cut coal having the lowest.
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Fatal Accidents Frequency Rate by Sector
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Figure 24 Fatality Frequency Rate for each sector

Figure 25 and Figure 26 show the employee Serious Accident Frequency Rate versus

employee hours and the contractor Serious Accident Frequency Rate versus contractor hours.

Employee Serious Accident Frequency Rate vs Million Hours Worked by Employees per Month
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Figure 25 Serious Accidents per million hours versus total hours per month—Employees Only
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Contractor Serious Accident Frequency Rate vs Million Hours Worked by Contractors per Month
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Figure 26 Serious Accidents per million hours versus total hours per month—Contractors Only

These charts show that the Serious Accident Frequency Rate for contractors is on average
higher than for employees.

In order to examine the relationship between employees and contractors further, it is useful
to define a ratio of contractor hours to employee hours — the contractor/employee ratio.

A contractor/employee ratio of 1 means that there are equal number of contractor hours and
employee hours worked in the industry. A ratio of 2 means that there are twice as many
contractor hours worked as employee hours. A ratio of less than 1 means there are more
employee hours worked than contractor hours. This contractor/employee ratio provides an
estimate of the mix of contractors and employees in the industry.

Figure 27 shows the Serious Accident Frequency Rate versus this contractor/employee ratio.

Serious Accidents Frequency Rate vs Ratio of Contractor Hours to Employee Hours
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Figure 27 Number of Serious Accident Frequency Rate versus contractor/employee ratio

The Serious Accident Frequency Rate appears to remain reasonably constant or only slightly
rises as the contractor/employee ratio rises. The greater the percentage of contractors, as
compared to employees, the greater number of Serious Accidents are likely to occur.
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Figure 30 shows the monthly coal price for the review period. Prices are shown for both thermal
and metallurgical coal, as well as the average price®'. The coal price varies with time, and there
is a noticeable dramatic increase in both thermal and metallurgical coal price circa October
2008.

Coal Prices by Month
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Figure 28 Coal price over time

Figure 31 shows a plot of millions of hours worked per month, against the average coal price
per month%2,

Million Hours Worked per Month vs Average Coal Price

s 2000-2004 s 2005-2009 2010-2014 s 2015-2019
12
10 .
. :l.o‘
. « v %
- H . *e
£ Sy Se
é s T * S, fele . .
. .

& 0". £ ":. '.o ...' ‘e 9 ® ° .
-S' [ #l'-t * ° .
£ T .
S 6 . % .
i . L] 0'.
3 . 4
c * ’-ﬁ“’l
é 4 . -{'
= .‘.3 o

2

[¢]

0 50 100 150 200 250 300

Average Coal Price (Australian Dollars per Tonne)
Figure 29 Millions of Hours worked per month versus coal price

As the average coal price increases, the number of hours worked in the industry also increases,
and then levels off. However, the 8 points on the right of the figure represent the sudden coal
price spike that occurred circa October 2008. If this spike is considered an outlier, the 8 points
can be removed from the figure, as in Figure 32.

51 From https://publications.industry.gov.au/publications/resourcesandenergyquarterlyseptember2019/index.html -

Historical Data, Tab 21.
For the purposes of comparing commodity prices, only the coal price was used. Future analysis may include
exploration of the hours worked versus other commodity prices.

52
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Million Hours Worked per Month vs Average Coal Price

s 2000-2004 s 2005-2009 2010-2014 s 2015-2019
12
10 .
. .
[} .. . L]
. . « * P
- i * . ¢

£ o, o SRR R
[+] ® 'Y L
% °® $ . e * . ' . . .‘
g g LI T LY . ® . -
= Le P .
g e .
S 6 s ”
2 . +3
I o . J
c e ¥, %, .
é 4 d: 3 * o.ﬁf
= . e® _!‘ o*

2

[¢]

0 25 50 75 100 125 150 175 200

Average Coal Price (Australian Dollars per Tonne)
Figure 30 Millions of Hours worked per month versus coal price (spike in coal price removed)

This figure illustrates that there is a relationship between the average coal price and the total
hours worked in the industry. As the coal price moves from 100 to 175 dollars per tonne, the
number of hours worked per month rises from circa 6 million to 8 million.

This relationship, which is necessarily broad because it relates all commodities to the coal price,
suggests there is some form of relationship between worked hours and the coal price.
Therefore, because of this commodity price and worked hours relationship, there is also a
relationship between the coal price and HPIs, Serious Accidents and LTIs.

This section provides a statistical summary relating to all incidents in the QLD mining industry
from January 2000 to July 2019. The following charts show the changes in incident rate, over
time and for each mine type.

High Potential Incidents Frequency Rate by Financial Year for Coal Open Cut
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High Potential Incidents Frequency Rate by Financial Year for Quarry
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Lost Time Injuries Frequency Rate by Financial Year for Metalliferous Underground
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Serious Accidents Frequency Rate by Financial Year for Coal Underground

2.0

1.5

1.0

0.5

o

o

6102/8102

8L0g/LL0Z

£102/910¢

9l0eg/510e

G010

¥10Z/ELOT

£L0e/eI0e

cLogiLLoe

L102/0L02

0lL0g/e002

600¢/800¢

8002/2002

£002/900¢

9002/5002

S00¢/700¢

#002/€002

£00¢/200e

€002/1002

L00¢/0002

000z/6661

Serious Accidents Frequency Rate by Financial Year for Metalliferous Open Cut

6102/8L02

[ 8h0e/L10C

r2i0e/910e

raLoz/sLoz

[ Sk0g/vioe

r¥L0g/eLoe

reLoe/eLoe

cloz/Lioz

L10Z/0L0e

r 0L0g/6002

[ 6002/8002

r 8002/2002

r £002/900Z

r 9002/5002

r §00¢/r002

r00z/e002

€002/2002

€0o0g/1o0e

[ L00g/000Z

0.30

0.25

0.20

0.15

0.10

0.05

0002/6661

=
=4
=

Serious Accidents Frequency Rate by Financial Year for Metalliferous Underground

610Z/8102

reloziLioe

L102/910¢

roLoe/sioe

rgLogivioe

r¥Lozielog

reLoeizioe

cLog/L10e

LLoz/oLoe

r 01.02/6002

[ 600¢/800¢

r 8002/,002

1002/9002

r 9002/5002

§002/¥00C

r #002/€002

[ €00¢/e00e

[ €00Z/1002

r +002/0002

0.7

0.6

0.5

04

0.3

0.2

0.1

0002/6661

o
(=]

Serious Accidents Frequency Rate by Financial Year for Metalliferous Other

6102/8102

reloz/Lioe

L102/910¢

roLoe/sioe

rsLogivioe

r¥Lozieloe

relLoeicioe

cLog/LL0e

LLogioloe

r0102/6002

[ 600¢/800¢

r 8002/,002

1002/9002

I 9002/5002

§00¢/700C

r ¥002/c002

[ €00¢/e00e

[ €00g/1002

r +00z/0002

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0002/6661

o
(=]

page 157

Prepared for Department of Natural Resources, Mines and Energy



Serious Accidents Frequency Rate by Financial Year for Quarry

6102/8102

8L0g/LL0Z

£102/910¢

9l0eg/510e

G010

¥10Z/ELOT

£L0e/eI0e

cLogiLLoe

L102/0L02

0lL0g/e002

600¢/800¢

8002/2002

£002/900¢

9002/5002

S00¢/700¢

#002/€002

£00¢/200e

€002/1002

L00¢/0002

3.0
25
2.0
1.5
1.0
0.5

Brady Review, December 2019

000z/6661
bt

o

page 158

Prepared for Department of Natural Resources, Mines and Energy



Fatal Accidents by Financial Year

Brady Review, December 2019

Fatalities
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Fatal Accidents by Sector by Worker Type
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Fatal Accidents:
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Fatal Accidents:

Location:
Level 3
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Fatal Accidents:
Location:
Underground

=

Fatal Accidents
Location:
Surface

Haulage

Stock and spaoll piles

Buildings

Underground Roads

Workshops

Excavation and ground preparation

Face

Other surface locations

Preparation and processing plants.

Other underground locations

Surface Roads
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Fatal Accidents:
Location:
Surface

Other preparation or processing plant
Storage building

Pit entry ramp

Other excavation and ground preparation
Other road on site

Waste/excavation area

Dam

Electrical substation

Light vehicle access road

Dump road

Unprocessed product pile

Reject pile

Processed product pile

Other stock or spoil pile
Preparation/treatment/wash plant
Other building

Vehicle parking area

Other surface location

Overburden removal

Pit ramp - other

Unspecified surface location

Exploration site

Smelter

Qpen cut pit

Workshop

Breaker station/crushing/screening plant
Haul road-portal area

=3

Fatal Accidents:
Location:
Underground

Longwall

Other face location

Haulage

Canveyor roadway

Travel roadway

Development face
Second workings
Other roadway
First workings [ ]
Stope I
Other underground location [ ]

Unspecified underground location ! [ |
0

N}
w
&
@
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Fatal Accidents:
Location:
Buildings

Other excavation and ground preparation

Storage building

Other building

0.0 02 04 0.6 0.8 1.0
Fatal Accidents:
Location:
Other surface locations
Dam

Electrical substation
Other surface location
Vehicle parking area
Exploration site

Unspecified surface location

.
I
I
I
5 1

0.0 0 0 1.5 20
Fatal Accidents:
Location:
Stock and spoil piles
Other stock or spoil pile
Processed product pile
Reject pile
Unprocessed product pile
0.00 0.1‘]1 0 62 0 E]E 0. b4 0.05

Fatal Accidents:
Location:
‘Workshops

Workshop

1 2 3 4
Fatal Accidents:
Location:
Haulage
Haulage
0.00 0.01 0.02 0.03 0.04 0.05

Fatal Accidents:
Location:
Underground Roads

Conveyor roadway

Travel roadway

0.2

Other roadway

0.0 04 0.6 0.8

Breaker station/crushing/sereening plant

Fatal Accidents:
Location:
Excavation and ground preparation

Wastefexcavation area
Overburden removal

Open cut pit

2

3 4
Fatal Accidents:
Location:
Preparation and processing plants

|
N N O
0 1 2 3 4 5

Fatal Accidents:
Location:
Surface Roads

I
]
0 1 2 3 4 5

Fatal Accidents:
Location:
Face

Other preparation or processing plant

Preparation/treatment/wash plant

Smelter

Dump road

Light vehicle access road
Other road on site

Pit entry ramp

Pit ramp - other

Haul road-portal area

Longwall

Other face location
Development face
Secand workings

First workings

15 20 2.5 3.0

Stope

0.0 0.5 1.0
Fatal Accidents:
Location:
Other underground locations

Other underground location

Unspecified underground location
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Fatal Accidents:
Location Frequency Rate:

Fatal Accidents:
Location Frequency Rate:

Surface Underground
0.10 0.04
0.05 0.02
0.00 0.00
(=] w < w (=3 w =3 w
3 2 = = a8 ] < e
(=] i=3 [=1 (=3 (=3 < [=3 [=1
~N o~ o~ o~ o~ ~ ~N o~
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:;
Buildings Excavation and ground preparation
0.10
0.01
0.05
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Other surface locations Preparation and processing plants
0.04 0.02
0.02 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Surface Roads Workshops
0.02
0.01 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Face Other underground locations
0.04
0.02 0.0z
0.00 0.00
(=3 w (=] w
. S g e v
Fatal Accidents: & < & 54
Location Frequency Rate:
Underground Roads
0.005
0.000
o w o v
S =1 =1 =
o~ o~ N o~
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Fatal Accidents:
Location Frequency Rate;

Fatal Accidents:
Location Frequency Rate:

Other building Open cut pit
0.01 0.02
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Overburden removal Exploration site
0.10 0.010
0.05 0.006
0.00 0.000
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Other surface location Unspecified surface location
0.010
0.01
0.006
0.000 T T 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate; Location Frequency Rate:
Vehicle parking area Breaker station/crushing/screening plant
0.04 0.010
0.02 0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Location Frequency Rate; Location Frequency Rate:
Smelter Haul road-portal area
0.02 0.02
0.01 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Pit ramp - other ‘Workshop
0.010
0.005 0.01
0.000 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Development face First workings
0.02 0.04
om 0.02
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Second workings Stope
0.02
0.01
0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location Frequency Rate: Location Frequency Rate:
Other underground location Unspecified underground location
0.010
0.02
0.005
0.000 0.00
o w S ©
. =] =] g 2
Fatal Accidents: < =] S ]
Location Frequency Rate:
Other roadway
0.005
0.000
f= w =] w
S =1 = =
< [= j=] <
™~ o~ N o™
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Fatal Accidents
Equipment:
Level 1
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Fatal Accidents:
Equipment
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Fatal Accidents:

Fatal Accidents:

Equipment: Equipment:
Explosives Fixed equipment
Distribution line
Gas monitoring system
Lighting equipment
Other electrical equipment
Shaft equipment
Explosives. Thermal plant
Trailing cable to machine
Ventilation system
Other Fixed Plant
Processing plant
Belt conveyor ]
0.00 0.01 0.02 0.03 0.04 0.05 0.0 0.5 1.0 15 2.0
Fatal Accidents: Fatal Accidents:
Equipment: Equipment:
Mobile equipment No equipment involved
Mobile Bolter
Mabile Process Unit
Other dump truck
Shovel
Dozer
Grader
Other earth moving equipment
Other vehicle over 5 tonnes
Personnel transporter
Shuttle car
Excavator
Load-haul-dump
Rear dump truck [ ]
Water truck [ ]
Front end loader N I
Other vehicle under 5 tonnes ]
Q 1 2 3 4 5 [ 2 4 6 8 10 12
Fatal Accidents: Fatal Accidents:
Equipment: Equipment:
Other equipment Powered tools and appliances
Chemicals Drills
QOther equipment Other power tool or appliance
Unspecified equipment Welding Equipment
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
Fatal Accidents: Fatal Accidents:
Equipment: Equipment:
Semi-mobile equipment Unpowered tools and appliances
Dragline -
Non-powered lifting equipment
Longwall chock
Other longwall Other non-powered tool or appliance
Other semi-mobile equipment
Continuous miner I Non-powered hand tocls [ R NREHNIDR D S
Driling rig L
Pipes and hoses [
crane —— i —
0.0 05 10 1.5 2.0 0.0 0.2 0.4 06 08 1.0
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Fatal Accidents:
Equipment Frequency Rate:
Fixed equipment

Fatal Accidents:
Equipment Frequency Rate:
Mobile equipment

0.02

0.01

0.00

Fatal Accidents:
Equipment Frequency Rate:
No equipment involved

010

- \_/_\/\A/\/\/\_/
000 ] . 1 [

Fatal Accidents:
Equipment Frequency Rate:
Semi-mobile equipment

Fatal Accidents:
Equipment Frequency Rate:
Unpowered tools and appliances

0.015
0.010
0.005

0.000

2000

2005

2010

2015

0.02

0.0

0.0

S

2000

2005 -

2010
2015
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Fatal Accidents
Equipment Frequency Rate:
Belt conveyor

Fatal Accidents:

Equipment Frequency Rate:

Other Fixed Plant

0.02
0.006
0.000 0.00
Fatal Accidents: Fatal Accidents:
Egquipment Frequency Rate: Equipment Frequency Rate:
Processing plant Dozer
0.01
0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Excavator Front end loader
01 0.02
0.0 0.00
Fatal Accidents: Fatal Accidents:
Equipment Frequency Rate; Equipment Frequency Rate;
Grader Load-haul-dump
0.005 0.01
0.000 0.00
Fatal Accidents: Fatal Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Other earth moving equipment Other vehicle over 5 tonnes
0.01
0.005
0.000 0.00
Fatal Accidents: Fatal Accidents:
Eguipment Frequency Rate: Equipment Frequency Rate:
Other vehicle under 5 tennes Personnel transporter
0.02 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Rear dump truck Shuttle car
0.01
0.026
0.000 0.00
Fatal Accidents: Fatal Accidents:
Equipment Frequency Rate; Equipment Frequency Rate:
Water truck No equipment involved
0.01
0.025
0.00 T T 0.000
Fatal Accidents: Fatal Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Continuous miner Crane
0.02 0.02
0.00 0.00
Fatal Accidents: Fatal Accidents:
Eguipment Frequency Rate: Equipment Frequency Rate:
Drilling rig Non-powered hand tools
0.01
0.01
0.00 0.00
=) w < w < ) < w
e g b ) 8 2 S )
~ ~N o~ ~ N ~ N ~N
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Fatal Accidents:
Hazard:
Level 1
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Fatal Accidents
Hazard:
Level 2

Brady Review, December 2019
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Fatal Accidents:
Hazard:
Contaminant Exposure

Irrespirable atmosphere

Long term contact with chemical

Single contact with chemical

0.00

001 002 003 004

Fatal Accidents:
Hazard:
Exceedance

0.05

Diesel particulate matter exceedance

Exceedance of other chemical or
substance

Respirable crystalline silica (quartz)
exceedance

Respirable dust exceedance

Methane exceedance —_

0.0 02 04 0.6 08 1.0
Fatal Accidents:
Hazard:
Fall of Ground
End wall failure
High wall failure
In-pit bridge failure
Low wall failure
Other fall of ground
Ramp failure
Stope failure
Unspecified fall of ground
Rib/Wall failure
Roof fall
Rock fall
0 1 2 3 4
Fatal Accidents:
azard:

Fall of Structure

Fall of structure
0.00 0.01 0.02 0.03 0.04 0.05

Fatal Accidents:
Hazard:
Fire and Heat

Contact with Hot Object/Surface/Liquid
Conveyor Fire

Dehydration

Exposure to cold objects

Heat stress/stroke

Spontaneous Combustion
Underground Frictional Ignition

Vehicle Fire

Other fire I N

0.0

0.2 04 0.6 08

1.0

Fatal Accidents:
Hazard:
Electricity

Arc Flash

Cable Damage

Electric shock

Failure of electrical equipment or
installation

Other electricity

Power failure

000 001 002 003 004 005

Fatal Accidents:
Hazard
Explosions

Explosion caused by explosives product

Explosion caused by gas

Explosion caused by other means

E i - Unauthorised
exclusion zone

Explosives misfire

Exposure to blasting fume

Other explosives

000 001 002 003 004 005

Fatal Accidents:
Hazard:
Fall of Person

Fall on the same level

Fall from height | I

Fatal Accidents

azard:
Falling or Moving Objects

Crushed between a load and a structure

Being hit by projectile _

Being hit by falling ubiem—

4] 2 4 6

Fatal Accidents
Hazard:
Health

Disease

Drugs & Alcohol
Fatigue

Heart attack
Manual handling
Muscular stress
Physical impairment

Otner heaith N N N —
0.0 02 04 06 08 10
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Fatal Accidents:
Hazard:
Inundation

Fall into liquid

Inundation with liquid

000 001 002 003 004 005

Fatal Accidents:
Hazard:
Other

Animals

Biological

Other potential source of harm
Pressure

Radiation

Theft or loss of explosives
Unspecified potential source of harm

Weather

0.00 0.01 002 003 004 0.05

Fatal Accidents:
Hazard:
Vehicle Movements

Collision with a built or natural
structure
Collision with an animal

Failure of vehicle

Light vehicle collision with light

X vehicle
Micro-sleeps/fatigue

Other vehicle movements
Thrown from vehicle

Unplanned movement of vehicle
Unspecified vehicle movements

Fall of vehicle
Heavy vehicle collision with heavy

Heavy vehidle coliision wiRTTIgH

wvehicle
Collision with a person | [ |
Rollover | N
0 1 2 3 4 5 8

Fatal Accidents:

Hazard:
Machinery
Caught in nip point
Equipment failure
Fluid injection
Guardinge
Laceration with sharp object
Machinery noise
Other machinery
Unplanned movement of equipment (eg CM)
Whole body vibration
Struck by moving machinery [ ]

Entangled in moving magwpe;ﬂya?‘[ I S

Tyre failure I .

0 1 2 3 4

Fatal Accidents:
Hazard:
Production/Process incidents

Failure in normal operaling processes
(not endangering a person)
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Fatal Accidents:

Hazard Frequency Rate:

Fatal Accidents:
Hazard Frequency Rate:

Exceedance Fall of Ground
0.005 0.025
0.000 0.000
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fall of Person Falling or Moving Objects
o 0.025
0.00 0.000
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fire and Heat Health
om 0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Machinery Vehicle Movements
0.1
0.02
0.0 0.00
=) w o © =) o = w
g g & g g g g &
Prepared for Department of Natural Resources, Mines and Energy page 173



Brady Review, December 2019

Fatal Accidents
Hazard Frequency Rate:
Methane exceedance

Fatal Accidents:
Hazard Frequency Rate:
Rib/Wall failure

0.02
0.005
0.000 0.00
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Rock fall Roof fall
0.02
0.025
0.00 0.000
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fall from height Being hit by falling object
0.01 0.025
0.00 0.000
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Being hit by projectile Other fire
0.01
0.01
0.00 0.00
Fatal Accidents:
Fatal Accidents: Hazard Frequency Rate:
Hazard Frequency Rate: Entangled in moving machinery or
Other health equipment
0.1
0.006
0.000 0.0
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
0.02 Struck by moving machinery Tyre failure
0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Collision with a person Fall of vehicle
0.02 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Heavy vehicle collision with heavy Heavy vehicle collision with light
vehicle vehicle
0.01
0.005
0.000 0.00+
=) w S w
2 =] = pei
5 & & &
Fatal Accidents:
Hazard Frequency Rate:
Rollover
0.01
0.00
=) w < w
S =1 2 2
& & & &
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Fatal Accidents:
Location of Injury:
Level 1
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Fatal Accidents:
Location of Injury:
Level 2
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Fatal Accidents:
Location of Injury:
Head

Eye
Face
Other head -
0.0 25 5.0 75 10.0 12.6
Fatal Accidents:
Location of Injury:
Lower limbs
Ankle
Foot and toes
Hip
Knee
Lower leg
Cther lower limbs
Upper leg I
0.0 05 10 1.5 2.0

Other body location

Fatal Accidents:
Location of Injury:
Other locations

Unspecified body location L]
Erve sy I ———
4] 2 4 6 8 10 12

Fatal Accidents:
Location of Injury:
Systemic locations

Systemic location

0.00

0.01 0.02 0.03 0.04 0.05

Fatal Accidents:
Location of Injury:
Upper limbs

Elbow

Fingers.

Forearm

Hand

Other upper limbs
Shoulder

Thurnb

Upper arm

Wrist

0.00

0.01 0.02 0.03 0.04 0.05

Hearing damage

0.

Neck

Fatal Accidents:
Location of Injury;
Hearing

00 0.01 0.02 0.03 0.04 0.05

Fatal Accidents:
Location of Injury:
Neck

0.0 05 1.0 15 2.0

Psychological system

0

Other back

Other trunk

Lower back

Abdomen and pelvic

Chest

Vision damage

0.

Fatal Accidents:
Location of Injury:
Psychological system

00 0.01 0.02 0.03 0.04 Q.05

Fatal Accidents:
Location of Injury:

Trunk
[ |
' [ | |

0 2 4 6 8 10

Fatal Accidents:
Location of Injury:
Vision

00 0.01 0.02 0.03 0.04 0.05
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Fatal Accidents:

Location of Injury Frequency Rate:

Fatal Accidents:
Location of Injury Frequency Rate:

Head Lower limbs
0.03
0.03
0.02 0.02
0.01 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location of Injury Freguency Rate: Location of Injury Frequency Rate:
Neck Other locations
T
0.010 0.075
0.050
0.005
0.025
0.000 0.000
2 2 2 2
Fatal Accidents: g g I S
Location of Injury Frequency Rate:
Trunk
0.02
0.01
0.00
=) w =) v
S =1 =) b=
< & & =
Fatal Accidents Fatal Accidents:
Location of Injury Frequency Rate: Location of Injury Frequency Rate:
Face Other head
Q.10 0.10
0.05 0.05
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location of Injury Frequency Rate: Location of Injury Frequency Rate:
Upper leg Neck
0.010
0.02
0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Location of Injury Frequency Rate: Location of Injury Frequency Rate:
Entire Body Unspecified body location
0.02
0.05 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Location of Injury Frequency Rate: Location of Injury Frequency Rate:
Abdomen and pelvic Chest
0.02 0.02
0.01 0.01
0.00 0.00
(=4 w =3 w
. =] =1 = -
Fatal Accidents: < <1 11 <
Location of Injury Frequency Rate:
Lower back
0.010
0.005
0.000
=) w < w
e g b )
~ N o~ o~
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Fatal Accidents:
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Injury Type:
Level 2

Fatal Accidents:
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Fatal Accidents:
Injury Type:
Burns

0.0 0.2 0.4 0.6 08 10

Fatal Accidents:
Injury Type;
Fractures

Fatal Accidents:

Injuries to internal organs

womat orgen g [

0.0 0.5 1.0 15 20 25 30

Fatal Accidents:
Injury Type:
Injuries to nerves and spinal cord

Spinal cord injury resulting in
quadriplegia or paraplegia

0.0 0.2 0.4 0.6 08 1.0

Fatal Accidents:
Injury Type:
Other injuries

Electric shock
Fluid injection
Foreign bodies in eye, sar, nose,
respiratory, digestive or reproductive
Iracts.
Harnia ar hemiated disk
Drowning [l
Other injuries [l
Unspecified nature: [ NRBIN

Crushing I . —

0 5 10 15 20 25

Fatal Accidents
Injury Type:
Diseases

Asbestosis

Chronic pulmonary obstructive disease
Circulatory system diseases

Coal warkers' pneumacaniosis
Digestive system diseases

Infectious and parasitic diseases
Legionellosis

Mental diseases

Mervous system and sense organ diseases
Occupational asthma

Occupational cancer

Other cancers

Other diseases

Other respiratory system diseases
Silicosis

Skin and subcutaneous tissue diseases

0.00 0.01 0.02 0.03 0.04 0.05

Fatal Accidents.
Injury Type:
Hearing loss

Permanent hearing loss

Temparary hearing loss

Fatal Accidents

Injury Type:
Injuries to musculoskeletal system

Dislocation

Non-traumatic damage to joints or
ligaments

Norrtraumatic damage to muscles or
tendons

Trauma to joints

Trauma to ligaments

Trauma to muscles

Trauma to tendons

000 001 002 003 004 005

Fatal Accidents:
Injury Type:
Intracranial Injuries

Concussion

Fatal Accidents:
Injury Type:
Vision loss

Permanent vision loss

Temparary vision lass
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Fatal Accidents:
Injury Type:
Wounds

Degloving

Traumatic amputation

Gther wounds I

Superficial bruising |GGG

Lacerallon o onen wound i | O
trau

wmatic amuptation

0.0 0.5 1.0 15 20 25 30
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Fatal Accidents:
Injury Type Frequency Rate:

Fatal Accidents:
Injury Type Frequency Rate:

Burns Fractures
0.02
0.01
0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Injuries to internal organs Injuries to nerves and spinal cord
0.01 0.010
0.0056
0.00 0.000
Fatal Accidents: Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Intracranial Injuries Other injuries
0.10 0.10
0.08 0.05
0.00 0.00 : ' .
=) P ) w
. S 8 2 ©
Fatal Accidents: E = < 8
Injury Type Frequency Rate:
Wounds
0.02
0.00
[= ) f=3 w
=3 < -~ ~
] & g g
Fatal Accidents Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Burns Fracture
0.02
0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Internal organ damage Other spinal cord injuries
0.01 0.01
0.00 0.00
Fatal Accidents: Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Other internal head injury Crushing
0.1 0.1
0.0 . — e - ] 0.0 w
Fatal Accidents: Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Drowning Other injuries
0.01
0.006
0.000 0.00
Fatal Accidents:
Fatal Accidents: Injury Type Frequency Rate:
Injury Type Frequency Rate: Laceration or open wound without
Unspecified nature traumatic amuptation
0.02
0.02
0.00 0.00
Fatal Accidents: Fatal Accidents:
Injury Type Frequency Rate: Injury Type Frequency Rate:
Other wounds Superficial bruising
0.01 0.005
0.00 0.000
o uw o w (=3 w o )
S =1 = = 8 =] = =
(=1 =3 < f=1 (=3 (=1 =1 (=1
o~ o~ o~ o~ o~ o~ o~ o~
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Fatal Accidents:
Occupation:

17.5
15.0
12,5
10.0
7.5
50
2.5
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Fatal Accidents:
Qccupation:
Level 2
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Fatal Accidents:
Occupation:
Administration

Administration staff

0.00 0.01 0.02 0.03 0.04 0.05

Fatal Accidents:
Occupation:
Maintenance/construction staff

Engine mechanic
Unspecified maintenance/construction
staff
Electrician _
Other maintenance/construction staff _
Welder L |
Fiter I

0.0 05 10 1.5 20

Fatal Accidents:
Occupation:
Mobile plant operator

Unspecified mobile plant operator
Dozer operator

Other mobile plant operator
Excavator/shovel operator
Grader operator

Water cart operator

Loader operator

Truck operator

=3
N
w
S
2}

Fatal Accidents:
QOccupation:
Explosives

Explosives worker

0.00 0.01 0.02 0.03 0.04 0.05

Fatal Accidents:
Occupation:
Managerial

Front-line supervisor

Other managers

000 001 002 003 004 005

Fatal Accidents:
Qccupation:
ther

Lifting equipment operator
Metallurgical or materials technician
Processing plant operator

Other occupation

Unspecified occupation

Drill operator

Miner I
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Fatal Accidents:
Qccupation Frequency Rate:
Maintenance/construction staff

Fatal Accidents:
Occupation Frequency Rate:
Mobile plant operator

0.02 0.10
0.01 0.05
0.00 0.00
2 g g e
Fatal Accidents: 5] < s s
Occupation Frequency Rate:
Other
0.02
0.01
0.00
o Y = )
2 2 ) S
& & & &
Fatal Accidents Fatal Accidents:
QOccupation Frequency Rate: Qccupation Frequency Rate:
Electrician Fitter
0.006 0.01
0.000 0.00
Fatal Accidents: Fatal Accidents:
QOccupation Frequency Rate: Occupation Frequency Rate:
Other maintenance/construction staff 0010 Welder
0.02
0.01 0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Occupation Frequency Rate Occupation Frequency Rate:
Dozer operator Excavator/shovel operator
0.10
0.005 0.05
0.000 0.00
Fatal Accidents: Fatal Accidents:
Qccupation Frequency Rate Occupation Frequency Rate:
Grader operator Loader operator
0.010
0.01
0.005
0.000 0.00
Fatal Accidents: Fatal Accidents:
Occupation Frequency Rate: Occupation Frequency Rate:
Other mobile plant operator Truck operator
0.010 0.010
0.005 0.005
0.000 0.000
Fatal Accidents: Fatal Accidents:
Occupation Frequency Rate Occupation Frequency Rate:
Water cart operator Drill operator
0.010
0.01
0.005
0.000 0.00
Fatal Accidents: Fatal Accidents:
Occupation Frequency Rate: Occupation Frequency Rate:
Miner Other occupation
0.02
0.010
0.01
0.008
0.00 0.000 . i i
o w =) T
. 3 S =4 2
Fatal Accidents: =] =] =] S
Occupation Frequency Rate:
Unspecified occupation
0.005
0.000
=] w o w
S =] 2 =
& ] 8 8]
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Fatal Accidents:
Work Activity:
Level 1

o » 3 ®
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s © c
2 K] z
] & ]
> =]
©
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=
c
8
=
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£
£
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Fatal Accidents: Fatal Accidents:
Work Activity Frequency Rate: Work Activity Frequency Rate:
001 Administation, Managerial and Technical Mining
: 0.1
0.00 0.0
Fatal Accidents: Fatal Accidents:
Work Activity Frequency Rate: Work Activity Frequency Rate:
Other Other Maintenance
002 0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Work Activity Frequency Rate: Work Activity Frequency Rate
Processing Travel
0.01
0.01
0.00 0.00
=3 L = w b= L < w
8 3 2 2 3 3 2 2
8 2 > > 3 s > >
& & & & & < & &
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Fatal Accidents:

Worker Type:
Level 1
25
201
164
10
51
0- . ® . )
o] [} I
3 2 £ £
g L o =
z s 2
3
3 i ®
—
Fatal Accidents: Fatal Accidents:
Worker Type Frequency Rate: Worker Type Frequency Rate:
Contractor Employee
0.04 0.10
0.02 0.05
0.00 0.00
) Py o w
- IS] =] 2 2
Fatal Accidents R 54 [ 8
Worker Type Frequency Rate:
ther
0.03
0.02
0.01
0.00
o w o w
8 2 5 5
& ] | |
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Fatal Accidents:
Nature of Employment:
Level 1

w B

@« 5 o [H)
E £ H E
e & @ =
= o] =
s &
Fatal Accidents: Fatal Accidents:
Nature of Employment Frequency Rate: Nature of Employment Frequency Rate:
Casual Full-Time
0.0075- 0.015
0.0050 - 0.010
0.0025 - 0.005
0.0000 0.000
S g 2 e
Fatal Accidents: b4 & & &

Nature of Employment Frequency Rate:

Other

0.010-

0.005-

0.000
2 o o w
k=3 =3 - -
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Fatal Accidents:
Absent or Failed Controls:

Level 1

175 [ ]
ol
10.0
7.5
50
25 [ ]
0.0° ) o o 5
=] o
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5 £ 8 = =
z = = 5 3
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T 8 g P
T & T
Fatal Accidents: Fatal Accidents:
Absent or Failed Controls Frequency Rate: Absent or Failed Controls Frequency Rate:
Hazard Not Identified - No Control Hazard Identified - No Control
010 0.010
0.05 0.005
0.00 0.000
Fatal Accidents: Fatal Accidents:
Absent or Failed Controls Frequency Rate: Absent or Failed Controls Frequency Rate:
Hazard Identified - Control Ineffective Hazard Identified - Control Bypassed
0.02 0.03
0.02
0.01
0.01
0.00 0.00
2 =4 2 2
Fatal Accidents: g =] =] 8
Absent or Failed Controls Frequency Rate:
Hazard Identified - Control Unenforced
0.03
0.02
0.01
0.00
o I =) w0
[=3 p=1 - -
& & g g
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Fatal Accidents:
Controls Implemented After Incident:

Level 1
40+ I
304
201
104 ]
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Fatal Accidents: Fatal Accidents:
Controls Implemented After Incident Frequency Rate: Controls Implemented After Incident Frequency Rate:
Elimination Engineering contral
0.01 0.1
0.00 0.0
Fatal Accidents: Fatal Accidents:
Controls Implemented After Incident Frequency Rate: Controls Implemented After Incident Frequency Rate:
Administrative control Under investigation

Fatal Accidents: Fatal Accidents:
Controls Implemented After Incident Frequency Rate: Controls Implemented After Incident Frequency Rate:
No action specified No action taken
0.01
0.02
0.00 0.00
=3 w o w Q w =1 w
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Serious Accidents (SAs)

Serious Accidents by Financial Year
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Serious Accidents by Sector by Worker Type
Hl Employee I Contractor
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Serious Accidents:
Location:
Level 1
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Serious Accidents:
Location
Level 2

Serious Accidents:
Location
Level 3
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Serious Accidents:
Location:
Surface

Stock and spaoll piles
Buildings
Surface Roads -
Preparation and processing plants _
Other surface locations _

Waorkshops.

Excavation and ground preparation

Serious Accidents:
Location:
Surface

Unspecified surface location
Processed product pile
Electrical substation
Light vehicle access road
Pit entry ramp
Other on and ground i
Unprocessed product pile
Haul road-portal area
Reject pile
Dam
Other stock or spoil pile
Dump road
Smelter
Waste/excavation area
Storage building
Other preparation or processing plant

Other road on site

Vehicle parking area

Exploration site

Other building
Preparation/treatment/wash plant
Pit ramp - other

Overburden removal

Breaker station/crushing/screening plant
Other surface location [ ]

Open cut pit

Workshop

Haulage

Underground Roads

Other underground locations

Face

Unspecified underground location

Haulage

Travel roadway

Stope

Other face location

Conveyor roadway

Second waorkings

Development face

Other roadway

First workings

Other underground location

Longwall

Serious Accidents:
Location:
Underground

20 40 60 80 100 120

Serious Accidents:
Location:
Underground

0
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Serious Accidents:
Location:
Buildings

Storage building -

Other building

0o 2 4 6 B 10 12
Serious Accidents:
Location:

Other surface locations

Electrical substation
Unspecified surface location
Dam

Vehicle parking area
Exploration site

Other surface location

N
20 30 40

Serious Accidents:
Location:
Stock and spoil piles

Processed product pile

I

Unprocessed product pile

Other stock or spoil pile

Serious Accidents:
Location:
Workshops

Workshop -_

4] 20 40 60 80

Serious Accidents:
Location:
Haulage

Haulage --_

Serious Accidents:
Location:
Underground Roads

Travel roadway

Conveyor roadway

Other roadway

Serious Accidents:
Location:
Excavation and ground preparation

Other excavation and ground preparation

Wastefexcavation area

Overburden removal I
0 20 40 60

Serious Accidents:
Location:
Preparation and processing plants

Smelter
Other preparation or processing plant
Preparation/treatment/wash plant -

Breaker station/crushing/screening plant

0 5 10 15 20 25
Serious Accidents:
Location:
Surface Roads

Light vehicle access road
Pit entry ramp
Haul road-portal area
Dump road

Other road on site

Pit ramp - other

0 5 10 15 20
Serious Accidents:
Location:
Face
Stope
Other face location
Second workings
Development face
First workings
Longwall
0 10 20 30 40

Serious Accidents:
Location:
Other underground locations

Unspecified underground location

Other underground lacation
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Serious Accidents:

Location Frequency Rate:

Serious Accidents:
Location Frequency Rate:

Surface Underground
0.5 /\—/ 0.2 /‘\/\,
0.0 0.0
= ') o w0 =) w < o
2 8 ) ) 2 g ) &
™~ ~N o~ ™~ ™~ ~N ~N ™
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Buildings Excavation and ground preparation
0.10 0o
0.06 /\/_‘ 041
0.00 0.0
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Other surface locations _Preparation and processing plants
0.10
0.1
0.05
0.0 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Stock and spoil piles Surface Roads
0.02
0.05
0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Workshops Face
04 02
02 /\/\/\ 04
0.0 0.0
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Haulage Other underground locations
0.02
0.056
0.01
0.00 0.00
S 2 2 2
Serious Accidents: = 1 4 1
Location Frequency Rate:
Underground Roads
0.10
0.05
0.00
i=} o o ['e}
3 =1 = =
< = f= =]
~N ™~ o™ o~
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Serious Accidents:
Location Frequency Rate;
Other building

Serious Accidents:
Location Frequency Rate:
Storage building

0.1
0.01
0.0 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Open cut pit Other excavation and ground preparation
0.01
Q.1
0.0 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Overburden removal Waste/excavation area
0.2 0.02
_————\—/\_—
0.0 0.00
Serious Accidents Serious Accidents:
Location Frequency Rate Location Frequency Rate:
Dam Electrical substation
0.01 0.008
0.00 0.000
Serious Accidents Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Exploration site Other surface location
0.1
0.02
0.00 0.0
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Unspecified surface location Vehicle parking area
0.02
0.005
0.000 0.00
Serious Accidents Serious Accidents:
Location Frequency Rate Location Frequency Rate:
Breaker station/crushing/screening plant 002 Other preparation or processing plant
0.05
0.00 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate Location Frequency Rate:
Preparation/treatment/wash plant 0.2 Smelter
0.1 :
0.0 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate Location Frequency Rate:
Other stock or spoil pile Processed preduct pile
0.01 0.005
0.00 . — \— . 0.000 — — .
Serious Accidents: Serious Accidents:
Location Frequency Rate Location Frequency Rate:
Reject pile Unprocessed product pile
0.01 001
0.00 0.00
2 s =) w (=) s =) w
=} =3 = = =1 =} = =
< = 2 = }=3 = = <
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Serious Accidents:

Location Frequency Rate;

Dump road

Serious Accidents:
Location Frequency Rate:
Haul road-portal area

0.02
0.02
0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate; Location Frequency Rate:
Light vehicle access road Other road on site
0.02
0.01
0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate Location Frequency Rate:
Pit entry ramp Pit ramp - other
0.04
0.005
0.02
0.000 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Workshop Development face
0.4 0.04
0.2 ’/\/\/\ 0.02
0.0 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
First workings Longwall
0.2 0.10
0.1 0.05
0.0 /\“/\—\ 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Other face location Second workings
0.02 0.04
0.01 0.2 /\/\
0.00 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Stope Haulage
0.02 0.02 /\
0.01 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Other underground location Unspedified underground location
0.010
0.05
0.005 \
0.00 0.000
Serious Accidents: Serious Accidents:
Location Frequency Rate: Location Frequency Rate:
Conveyor roadway Other roadway
0.04 0.04
0.02 0.02
0.00 0.00
(=) v = w
- . [= f=3 - -
Serious Accidents =1 2] ] :
Location Frequency Rate
Travel roadway
0.10
0.05
0.00
=) P =) w
b= [=3 - -
=] = =] j=]
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Serious Accidents: Serious Accidents:
Equipment: Equipment:
Explosives Fixed equipment

Distribution line

Gas monitoring system
Shaft equipment
Thermal plant

Trailing cable to machine
Explosives Ventilation system
Lighting equipment

Processing plant

Other electrical equipment [ ]
Belt conveyor ]
Other Fixed Plant [ ]
000  0.01 002 003 004 005 0 5 10 15 20 25
Serious Accidents: Serious Accidents:
Equipment; Equipment:
Mobile equipment No equipment involved
Mobile Process Unit
Mobile Bolter
Shuttle car

Other dump truck
Personnel transporter
Load-haul-dump
Grader

o Mo easment o |
IO equipment INVoIve:
Water truck aup

Front end loader

Other earth moving equipment
Other vehicle over 5 tonnes
Other vehicle under 5 tonnes

Excavator
Dozer
Rear dump truck [ [ ]
4] 10 20 30 40 50 10 20 30 40 50 60
Serious Accidents: Serious Accidents:
Equipment: Equipment:
Other equipment Powered tools and appliances
Unspecified equipment Welding Equipmen(L
Other equipment | N Oris |

Chemicals —_ Other power tool or appliance F__

00 05 10 15 20 25 30 0 10 20 30 40
Serious Accidents: Serious Accidents:
Equipment; Equipment:
Semi-mobile equipment Unpowered tools and appliances
Crane

Non-powered lifting equipment

Dragline

Other longwall Nan-powered hand tools |
Other semi-mobile equipment

Longwall chock Pipes and hoses [ NNRNRNRIN

Continuous miner

Other non-powered tool or appliance [ [
Drilling rig

o 10 20 30 40 0 10 20 30 40
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Serious Accidents:
Equipment Frequency Rate:
Fixed equipment

Serious Accidents:
Equipment Frequency Rate:
Mobile equipment

01 0.50
025 /\/
0.0 0.00 . . . .
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
No equipment involved Other equipment
010 \/~
/\—/ 0.01
0.05
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Powered toals and appliances 02 Semi-mobile equipment
) /ﬂ\ 01 /\/\
0.0 0.0
=4 w o w
N . =1 =1 = =
Serious Accidents: 2 < 5 g
Equipment Freguency Rate:
Unpowered tools and appliances
0.2
0.1 /\/,\/
0.0
=3 wn =] 2]
=3 o - -
R & & ]
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Serious Accidents:
Equipment Frequency Rate:
Belt conveyor

Serious Accidents:
Equipment Frequency Rate;
Lighting equipment

0.1 0.01
0.0 \-/_/_—\ 0.00
Serious Accidents Serious Accidents
Equipment Frequency Rate: Equipment Frequency Rate:
Other electrical equipment Other Fixed Plant
0.02
0.025
0.00 0.000
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Processing plant Shaft equipment
0.1 0.01
0.0 0.00
Serious Accidents Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Thermal plant Trailing cable to machine
0.005 0.005
0.000 0.000
Serious Accidents Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Ventilation system Dozer
0.01
0.05
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Excavator Front end loader
0.1
0.2
0.0 _\—/—// 0.0 | — \.—/\—/
Serious Accidents Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Grader Load-haul-dump
01
0.02
0.00 0.0
Serious Accidents: Serious Accidents:
Equipment Frequenocy Rate: Equipment Frequency Rate:
Maobile Bolter Other dump truck
0.01 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Other earth moving equipment Other vehicle over 5 tonnes
0.02 0.02
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Other vehicle under 5 tonnes Personnel transporter
0.025 0.02
0.000 0.00
p=] el < w =4 w < w
p= < e - =3 (=3 - o
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Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Rear dump truck ) Shovel
0.1 0.02
0.0 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Shuttle car Water truck
0.01
0.02
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
No equipment involved Chemicals
0.0 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Other equipment 01 Drills
0.01 —A/\
0.00 . — . . . . 0.0 ' : k
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Other power tool or appliance 0.01 Welding Equipment
o //\/\ l
0.0 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Continuous miner Crane
0.05
0.025
0.00 . . — - 0.000 — ! ——
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Dragline Drilling rig
0.02 \—/J\ 0.05 /ﬂz
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Longwall chock Other longwall
0.05
- /\ /
0.00 0.00
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Other semi-mobile equipment Non-powered hand teols
0.02 /\ 0.025
0.00 0.000
Serious Accidents: Serious Accidents:
Equipment Frequency Rate: Equipment Frequency Rate:
Non-powered lifting equipment Other non-powered tool or appliance
0.02 \/\ 02
0.00 0.0 //—\/
b= w p=] w < w < w
b= < = = b= (=3 - ~
& & g & & & & &

Serious Accidents:
Equipment Frequency Rate:
Pipes and hoses

0.05

0.04

0.03

0.02

0.01

Q.00+
o 0 o w
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Hazard
Level 1
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Serious Accidents:
Hazard
Contaminant Exposure

Irrespirable atmosphere

Long term contact with chemical

Single contact with cherica! | N N I

0.0 05 10 15 20 25 3.0

Serious Accidents:
Hazard
Exceedance

Diesel particulate matter exceedance

Methane exceedance

Respirable crystalline silica (quartz)
exceedance

Respirable dust exceedance [ INGTGTGNN

Escssdance of trerchenie! o | O N

substance

o) 2 4 6

Serious Accidents:
Hazard:
Fall of Ground

End wall failure
In-pit bridge failure
Other fall of ground
Stope failure
Unspecified fall of ground
High wall failure Il
Ramp failure Il
Low wall failure [N
Rib/wall failure [N

Roof fail |INNEENEN
Rock 1211 | I I N N
0 2 4 6 8 10

Serious Accidents:
Hazard:
Fall of Structure

Serious Accidents:
Hazard
Fire and Heat

Conveyor Fire
Exposure to cold objects
Spontaneous Combustion
Underground Frictional Ignition
Other fire [
Dehydration [N
vehicle Fire | NN
Heat stress/stroke [INEGNGEGNG
Gontact with Hot Object/SurfacerLiquid [IREGGu:GGEGG_G

o] 2 4 6 8

Hazard:
Electricity

Other electricity
Power failure
Arc Flash
Cable Damage
Electric shock
Failure of electrical equipment or

installation —

0 1 2 3 4 5 6

Serious Accidents:
Hazard:
Explosions

Explosion caused by explosives product
Expl -u h
exclusion zone
Exposure to blasting fume

Explosion caused by gas I I

Explosion caused by other means | I N

Explosives misfire I N

Other explosives I N R

0.0 02 0.4 06 0.8 1.0

Fall on the same level

Fall from height

Being hit by projectile

Crushed between a load and a structure

Being hit by falling object

Disease

Drugs & Alcohal
Fatigue

Heart attack
Physical impairment
Manual handling
Muscular stress

Other health

Serious Accidents:

Serious Accidents:
Hazard:
Fall of Person

Serious Accidents:
Hazard:
Falling or Moving Objects

Serious Accidents:

Hazard:
Health
L]
| |
0 10 20 30
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Serious Accidents:

Hazard

Inundation

Fall into liquid

Inundation with liquid

0o 02 04 06 08 10
Serious Accidents:
Hazard:
Other
Other potential source of harm
Radiation
Theft or loss of explosives
Weather
Animals
Unspecified potential source of harm
Biological
Pressure | ]
0 2 4 6 10

Serious Accidents:

Hazard:

Vehicle Movements

Collision with an animal
Failure of vehicle
Micro-sleeps/fatigue
Thrown from vehicle

Unspecified vehicle movements
Heavy vehicle collision with light
Light vehicle collision witfTIGIR
ehicle

Other vehicle movements

Heavy vehicle collision with heavy
vehicle

Fall of vehicle

Collision with a built or natural

structure .
Unplanned movement of vehicle ]
Collision with a person I
Rallover ]
0 2 4 6 10

Serious Accidents:

Hazard:

Machinery

Guardinge

Machinery noise

Unplanned movement of equipment (eg CM)
Whole body vibration

Tyre failure

Fluid injection

Eguipment failure

Other machinery

Struck by moving machinery

Laceration with sharp object
Entangled in maving machinery or
equipment

Caught in nip point

20

Serious Accidents:

Hazard:

Production/Process incidents

Failure in normal operating processes
(not endangering a person)

0.00

0.01

0.02

0.03

0.04 0.05
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Serious Accidents:
Hazard Frequency Rate:

Serious Accidents:
Hazard Frequency Rate:

Contaminant Exposure Electricity
0.01
0.025
0.00 0.000
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Exceedance Explosions
0.02 0.02
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fall of Ground Fall of Person
0.05
0.25
0.00 - - — — 0.00 - — e .
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fall of Structure Falling or Moving Objects
0.1
0.1
0.0 0.0
Serious Accidents: Serlous Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fire and Heat Health
0.1
0.025
0.000 0.0
Serious Accidents: Serious Accidents:
Hazard Frequency Rate Hazard Frequency Rate:
Inundation Machinery
0.5
0.005 /\/
0.000 - 0.0 ' . . . . ' . .
Serious Accidents: Serious Accidents:
Hazard Frequency Rate; Hazard Frequency Rate:
Other Vehicle Movements
0.05
\,\/\ o
0.00 0.0
i=3 el =] o =3 wy (= o
e 2 =) =) 8 2 = =
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Serious Accidents:
Hazard Frequency Rate:

Serious Accidents:
Hazard Frequency Rate:

Single contact with chemical Arc Flash
0.01 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Cable Damage Electric shock
0.01 o0
Q.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Failure of electrical equipment or Exceedance of other chemical or
installation substance
0.02
0.02
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Respirable dust exceedance Explosion caused by gas
0.01 0.005
0.00+ 0.000
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Explosion caused by other means Explosives misfire
0.01 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate
Other explosives 001 High wall failure
0.005
0.000 0.00
Serious Accidents Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Low wall failure Ramp failure
0.02
0.005
0.00 ' T 0.000 v ' '
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Rib/Wall failure Rock fall
0.01
0.02
0.00 0.00 v ' - . '
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Roof fall Fall from height
0.01 / 02
]
0.00 0.0
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Fall on the same level Fall of structure
o1 /\/\/ ot
0.0 0.0
< w < w (=4 w < w
(=3 (=3 - - =3 (=3 - ~
i=1 (=3 i=3 f=1 (=3 (=3 (=3 f=1
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Serious Accidents:
Hazard Frequency Rate:
Being hit by falling object

Serious Accidents:
Hazard Frequency Rate:
Being hit by projectile

0.1 /—\/\ 0.05 \_/
0.0 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Crushed between a load and a structure Contact with Hot Object/Surface/Liguid
0.025 \'/\/\/ 0.02
0.000 - . 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Dehydration Heat stress/stroke
0.01 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Other fire Vehicle Fire
0.005 0.005
0.000+ 0.000
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Drugs & Alcohol Fatigue
0.01 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Heart attack Manual handling
0.005 0.02
0.000 0.00
Serious Accidents Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Muscular stress Other health
0.02 0.05
0.00 ' T 0.00 v i
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
001 Physical impairment Inundation with liquid
0.005
0.00 0.000 v ' - . '
Serious Accidents:
Serious Accidents: Hazard Frequency Rate:
Hazard Frequency Rate: Entangled in moving machinery or
Caught in nip point equipment
) /\/\ v
0.0 0.0 T
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Equipment failure Fluid injection
0.02 0.1
0.00 0.0
p=3 w < w (=4 w < w
p= < - - =3 (=3 - ~
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Serious Accidents:
Hazard Frequency Rate:
Laceration with sharp object

Serious Accidents:
Hazard Frequency Rate:
Other machinery

0.1 0.05

0.0 0.00

Serious Accidents:
Hazard Frequency Rate:
Struck by moving machinery

Serious Accidents:
Hazard Frequency Rate:
Tyre failure

0.01
0.025

0.000 0.00

Serious Accidents:
Hazard Frequency Rate;
Animals

Serious Accidents:
Hazard Frequency Rate:
Biological

0.005 0.0

0.000 0.00

Serious Accidents:
Hazard Frequency Rate:
Pressure

Serious Accidents:
Hazard Frequency Rate:
Unspecified potential source of harm

0.02
0.02 //X

Serious Accidents:
Hazard Frequency Rate:
Collision with a built or natural

Serious Accidents:
Hazard Frequency Rate:

structure Collision with a person
0.1
0.02
0.0 0.00
Serious Accidents:
Serious Accidents: Hazard Frequency Rate:
Hazard Frequency Rate: Heavy vehicle collision with heavy
Fall of vehicle vehicle
0.02 0.01
0.00 0.00
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Heavy vehicle collision with light Light vehicle collision with light
vehicle vehicle
0.01
0.008
0.00 0.000
Serious Accidents: Serious Accidents:
Hazard Frequency Rate: Hazard Frequency Rate:
Other vehicle movements Rollover
0.01 0.05
0.00 0.00+
(=) ) ) v
=] =1 - =
(=3 < [=1 <
. . N o~ o~ o~
Serious Accidents:
Hazard Frequency Rate:
Unplanned movement of vehicle
Q.02
0.00
=) r =) w
b= [=3 - -
f=1 =3 f=1 f=1
< & < &
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Location of Injury:
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Brady Review, December 2019
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Serious Accidents:
Location of Injury:

Head
Eye ]
Face ——
Other hoad I
o 5 10 15 20 25 30
Serious Accidents:
Location of Injury:
Lower limbs
Other lower limbs
Hip
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Serious Accidents:
Location of Injury Frequency Rate:
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Serious Accidents:
Location of Injury Frequency Rate:
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Serious Accidents:
Location of Injury Frequency Rate:
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Serious Accidents:
Injury Type:
Burns
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Serious Accidents:
Injury Type:
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Other wounds
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Serious Accidents:
Injury Type Frequency Rate:
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Serious Accidents:
Injury Type Frequency Rate:
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Serious Accidents:
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Serious Accidents:
Occupation
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Administration staff

Serious Accidents:
Occupation:
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Maintenance/construction staff
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Serious Accidents:
Cceupation Frequency Rate:
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Serious Accidents:
Qcgupation Frequency Rate:
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Serious Accidents:
Work Activity:
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Serious Accidents:

Worker Type:
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Serious Accidents:
Nature of Employment:
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Serious Accidents:
Absent or Failed Controls:
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Serious Accidents:

Controls Implemented After Incident:
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