
High Reliability Organizations in Mining: Safety-II
Evolution and Generative AI Applications

Introduction

The mining industry  operates  in  high-risk,  complex environments  where failures  can have catastrophic
consequences.  To consistently  avoid serious accidents,  leading companies are striving to become  High
Reliability Organizations (HROs) – organizations that “consistently avoid serious failures despite operating
in environments characterized by high levels of inherent risk and/or operational complexity” . Achieving
HRO status is not formalized by a single certification, but rather involves embedding a set of principles and
cultural practices proven to yield ultra-safe, reliable performance. In recent years, Australian mining has put
a spotlight on HRO principles as a strategy to improve safety (spurred by inquiries into mining fatalities) .
Globally, industries such as nuclear power, aviation, and healthcare have pioneered HRO thinking, and now
mining is adopting these concepts to reach zero harm operations. This report provides an overview of HRO
requirements and frameworks in mining (with emphasis on Australia), examines the paradigm shift from
traditional  Safety-I  approaches  to  modern  Safety-II approaches  in  mining,  analyzes  how  Safety-II
complements the HRO framework, and explores the emerging role of  generative AI in supporting safety
and reliability in mining. Key academic studies, government reports, and industry examples are cited to
illustrate these points.

HRO Principles and Frameworks in the Mining Industry

Becoming an HRO in mining requires more than compliance with regulations – it demands a proactive,
collective mindset focused on anticipating and preventing accidents at all levels of the organization

.  Research  has  identified  five  hallmark  characteristics that  HROs  exhibit,  which  serve  as  de  facto
requirements or guiding principles for high reliability :

Preoccupation with Failure: HROs never assume things are safe; they are constantly alert to “bad
news” – even small anomalies or near-misses – as early warning signs of larger problems . In
practice,  this  means mining HROs implement robust incident and hazard reporting systems and
encourage  reporting  of  near  misses  without  blame .  The  Queensland  mining  industry,  for
example, has begun using high-potential incident (HPI) reports as a measure of reporting culture
to ensure lessons are learned before accidents occur .  An HRO-minded mine treats every
small incident as valuable information to prevent the next disaster.

Reluctance to Simplify: HROs resist oversimplified explanations for problems. They dig deep into
incident analyses to uncover root causes and systemic factors, rather than settling for easy answers

. In mining, this might involve engaging diverse perspectives – from frontline operators to
engineers – when investigating events,  recognizing that mine systems are complex and multiple
factors (technical, human, organizational) contribute to outcomes. By not simplifying, HROs avoid
“blind spots” in risk understanding.

1

2

3

4

4 5

• 
6 7

8

9 10

• 

11 12

1

MINE GUARD AI - RESEARCH

05/25
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https://www.publications.qld.gov.au/dataset/52b27e34-3603-456a-bfb0-e4c0be78be50/resource/2ff4e6cd-d822-41c8-b875-7ef9c23fe8a2/download/2019-20-queensland-mines-and-quarries-safety-performance-and-health-report.pdf#:~:text=systems,is%20an%20indicator%20of%20an
https://www.publications.qld.gov.au/dataset/52b27e34-3603-456a-bfb0-e4c0be78be50/resource/2ff4e6cd-d822-41c8-b875-7ef9c23fe8a2/download/2019-20-queensland-mines-and-quarries-safety-performance-and-health-report.pdf#:~:text=match%20at%20L976%20Dr%20Brady,be%20supervised%20when%20undertaking%20the
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https://www.linkedin.com/pulse/icmm-principles-high-reliability-organization-hro-lund-s%C3%B8rensen-zjosf#:~:text=,causes%2C%20not%20just%20immediate%20failures


Sensitivity  to  Operations: HROs  maintain  a  high  awareness  of  the  “front  line”  –  the  real-time
conditions of  mining operations.  There is  continuous monitoring of  operational  parameters  and
open communication across ranks about emerging risks . Leaders and workers alike stay attuned
to even minor signs of changing ground conditions, equipment anomalies, or worker fatigue, and
respond before these escalate . This operational mindfulness was reflected in a Queensland
industry benchmarking report, which found that many mines already use systems like critical control
monitoring  as  HRO-aligned  practices .  Sensitivity  to  operations  is  often  enabled  by
technology (real-time sensors, dispatch systems) and frequent safety interactions on the mine site.

Commitment to Resilience: Even with the best prevention, HROs prepare for the unexpected. They
build capacity to  adapt and bounce back when incidents occur or conditions change . In
mining, a commitment to resilience includes having well-practiced emergency response plans and
drills , as well as fostering a culture of continuous learning and improvement so that teams
can handle  surprises.  A  recent  analysis  of  mine disasters  emphasized that  focusing not  just  on
technical controls but also on organizational and human factors is essential to increase resilience
and  reliability in  mining  operations .  In  short,  HRO-style  mines  invest  in  training  and
scenario planning to be ready for the “unknown unknowns.”

Deference  to  Expertise: In  an  HRO,  decisions  migrate  to  the  people  with  the  most  relevant
knowledge,  regardless  of  rank .  Rigid  hierarchies  are  downplayed  in  favor  of  empowering
frontline  experts  (e.g.  a  longwall  operator,  a  maintenance technician)  to  halt  operations  or  take
corrective  action  when  they  detect  a  safety  issue .  For  mining  companies,  this  principle
translates to strong safety leadership and trust: workers are encouraged to speak up and use their
expertise,  and management  defers  to  those closest  to  the  work  when a  quick,  informed safety
decision is needed. Continual investment in competency and training supports this – for example,
ensuring crews are highly skilled so that their judgment can be trusted in critical moments .

These  five  principles  form  a  framework  for  evaluating  or  guiding  HRO  implementation in  mining
operations.  Indeed,  they  were  explicitly  recommended  to  the  Queensland  mining  sector  after  an
independent fatality review. The Brady Review (2020) concluded that many mine fatalities stem from “banal,
everyday, straightforward factors” like failed controls, lack of training or supervision – not freak accidents

.  To  break  the  cycle  of  recurrent  tragedies,  Dr.  Sean  Brady  urged  the  industry  to  adopt  HRO
principles and learn from precursors (near misses, hazards) before they manifest as fatalities . This
has  spurred  tangible  action  in  Australia:  the  Queensland  Resources  Council commissioned  an  HRO
benchmarking study in 2021, which found that while mines had elements of HRO practice in place, there
were further opportunities to enhance these and “move towards becoming more like HROs” . The
study  outlined  practical  steps  such  as  expanding  near-miss  reporting,  strengthening  critical  control
management, and improving cross-site learning to cultivate a high-reliability culture . In parallel, the
University of Queensland’s Sustainable Minerals Institute launched a Leading for High Reliability initiative
to provide diagnostics, training and research to help mining companies on “the journey towards becoming
an  HRO” .  These  efforts  underscore  that  achieving  HRO  status  is  a  transformational  journey  –
involving leadership commitment, workforce engagement, and often a shift in safety strategy – rather than
a one-time checklist.

It  is  also  worth  noting  that  existing  safety  management  frameworks  and  standards  can  support  HRO
objectives. For instance, ISO 45001 (Occupational Health and Safety Management Systems) provides a risk-
based, continuous improvement framework that aligns with several HRO practices (like worker participation
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and incident investigation). Industry guidelines, such as the  ICMM 10 Principles for sustainable mining,
also stress  leadership,  risk  management,  and stakeholder  engagement,  which can be mapped to HRO
fundamentals . A commentary aligning ICMM principles with HRO noted, for example, that effective
monitoring and continual improvement are needed to achieve both ICMM commitments and HRO-level
reliability . In practice, mining companies striving for HRO status integrate these standards with the
five  HRO  principles  –  using  them  as  complementary  tools.  They  establish  strong  safety  management
systems (for hazard identification, controls, training, etc.), but also infuse them with HRO characteristics like
chronic  unease  (never  being  satisfied  that  “we  have  zero  harm”  because  risk  is  always  lurking)  and
organizational learning. 

In summary,  to achieve HRO status in mining, an organization must build a culture of collective
mindfulness around risk and reliability – continually identifying weak signals, refusing to simplify
problems,  staying  connected  to  front-line  operations,  investing  in  adaptive  capacity,  and
empowering  expertise. These  requirements  are  increasingly  being  recognized  and  operationalized  in
Australian mining and beyond, as companies seek to emulate the stellar safety performance that true HROs
can attain .

From Safety-I to Safety-II: Evolving the Safety Paradigm in Mining

Traditional mining safety management has long been rooted in what safety theorists term  Safety-I – a
perspective that  defines safety  as  the absence of  accidents  or  injuries .  Under Safety-I,  the primary
strategy is to prevent “things going wrong,” and when incidents do occur, the focus is on identifying failures
or rule-breaks that caused the event and eliminating those causes . This approach treats humans
largely as a potential hazard or liability in the system (since human error is viewed as a major source of
failure)  and  often  emphasizes  compliance,  procedures,  and  hindsight  analysis  of  accidents .  For
example, a Safety-I  mindset in mining might respond to a machinery-related injury by pinpointing who
violated which procedure and tightening that procedure, or by adding yet another layer of control to ensure
the same mistake cannot happen again. Success is measured by lagging indicators like injury frequency
rates – a decreasing number of recorded incidents is taken as evidence of safety. Most industrial safety
programs  historically,  including  in  mining,  have  been  Safety-I  oriented:  they  aim  for  “zero  harm”  by
relentlessly  driving  down incident  counts,  sometimes  to  the  point  of  obsessing  over  minor  injuries  or
paperwork completeness.

Safety-II, a newer paradigm emerging from safety science (notably championed by Erik Hollnagel, Sidney
Dekker, and others), flips some of these assumptions. Safety-II defines safety not simply as the absence of
negatives, but as the  presence of positive capacities that enable things to go right . Rather than asking
“what went wrong and who is to blame?”, Safety-II asks “what goes right in our operations and how can we
do that  consistently  under varying conditions?” .  In  a  Safety-II  view,  the everyday variability  and
adjustments that workers make – which are ignored or even discouraged in Safety-I – are actually crucial to
success. Humans are seen as a resource for system resilience and flexibility, providing the creativity and
adaptability to handle the complexities of real work . Table 1 highlights some key differences between
the two perspectives as applied to mining:
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Aspect Safety-I (Traditional) Safety-II (Resilience-based)

Definition of
“Safe”

“As few things as possible go
wrong.” Safety is a state of no
accidents or failures .

“As many things as possible go right.” Safety
is the system’s ability to succeed under
varying conditions .

Approach to
Humans

Humans are a liability or hazard –
the imperfect component that
causes errors and must be
constrained . Emphasis on
enforcing procedures to minimize
human deviation.

Humans are a critical asset – a source of
insight and adaptability that helps the
system cope with variability . Frontline
workers are empowered to innovate and
adjust to keep operations safe.

Focus of
Analysis

Reactive: Investigate accidents and
failures to find “root causes” (often
human error or broken rules) and fix
those specific issues . Little
attention to why processes usually
succeed.

Proactive: Study normal operations and
near-misses to understand how and why
things go right, in order to reinforce
successful practices and anticipate potential
issues . Failure is seen as an
occasional outcome of the same system
that produces success, so learn from both.

Safety
Management
Style

Emphasizes compliance, detailed
procedures, and eliminating
variability. Changes are typically
made after something goes wrong
(e.g. new rules after an incident) .
Tends to be top-down.

Emphasizes adaptability, continuous
learning, and managing variability.
Encourages “forethought” changes – e.g.
adjusting processes when weak signals
appear – before a major incident occurs .
Often bottom-up input is valued (workers
co-create safety solutions).

Indicators of
Safety

Primarily lagging metrics (injury
rates, lost time, etc.), which show
absence of negatives. Near-misses
may be under-reported (viewed as
potential failures). A period with
zero incidents is considered an
achievement.

Mix of lagging and leading indicators (e.g.
reporting of HPIs, frequency of adaptations
or interventions, resilience assessments).
Near-misses are prized as learning
opportunities . Periods of zero events
are treated with caution as they could
indicate drift or hidden problems .

Table 1: Comparison of Safety-I and Safety-II approaches in mining safety management.

Mining  organizations  worldwide  are  increasingly  recognizing  that  exclusive  reliance  on  Safety-I  has
limitations in complex systems. In fact, the traditional approach can yield a false sense of security – for
example, if incident rates drop to zero, a mine might become complacent, not realizing that success may
breed hidden “drift” into unsafe practices . As one expert aptly noted,  “An incident-free system becomes
mute, and its safety can no longer be tuned… [It] finds itself in a situation of disastrous accident because its over-
stretched  performance  has  given  rise  to  new risks” .  Safety-II  addresses  this  by  maintaining  a  chronic
concern for what  could happen even when nothing seems to be wrong, and by harnessing the adaptive
capacities of people to create safety. Notably,  Safety-II does not dismiss traditional safety measures –
rather,  it  builds  on them.  For  instance,  having a  solid  risk  management  system (a  Safety-I  element)  is
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important, but Safety-II would further ask: is the system flexible enough to handle novel situations that
were not predicted by our risk assessment? If not, how can we make it more resilient?

Implementing Safety-II in Mining Operations

Transitioning from Safety-I to Safety-II in a mining context involves practical shifts in how safety is managed
daily.  Many  mining  companies  are  now  experimenting  with  “new  view”  safety  programs  (often  under
banners  like  Safety  Differently,  HOP –  Human  and  Organizational  Performance,  or  Resilience
Engineering).  Below  are  key  principles  and  steps  for  operationalizing  Safety-II  in  mining,  along  with
examples of their application:

Promote a Learning Culture (Learn from Success, not only Failure): Under Safety-II, every shift is
an opportunity to learn, because even when no incident occurred, workers undoubtedly faced and
overcame challenges. Mining organizations have begun to explicitly ask, “What went right today, and
why?” For example, Mitchell Services, an Australian drilling contractor, adopted a Safety-II approach
through an initiative called “Home Stretch.” At year’s end, instead of focusing only on the few injuries
that occurred, they examined the thousands of injury-free shifts to understand what practices or
decisions led to success . Pre-shift meetings were reoriented to discuss how workers dealt
with variability and change: “What changed yesterday, and how did you handle it?” . This storytelling
of positive outcomes encouraged sharing of adaptive strategies between crews. The result was not
only  a  drop  in  injury  rates  (e.g.  a  60%  reduction  in  Total  Recordable  Injury  Frequency)  but,
importantly, a more engaged workforce that feels part of the safety solution . Such practices
echo Safety-II’s core idea that safety is an  active presence (of capacities, skills, awareness) rather
than a passive absence of incidents.

Empower Frontline Workers and Decentralize Safety Decision-Making: Mining work is dynamic –
conditions  can  change  by  the  hour.  Safety-II  implementation  empowers  those  at  the  coalface
(literally  and figuratively)  to  make decisions to  keep operations safe,  without  always waiting for
management  approval.  This  might  involve training crews in  “adaptive capacity”  –  the ability  to
recognize an emerging risk and adjust on the fly. For instance, if a hauling route in a pit becomes
unsafe  due  to  sudden  water  ingress,  truck  drivers  or  supervisors  are  encouraged  to  pause
operations and communicate adjustments immediately, rather than attempting to push through to
meet production targets. Creating this empowerment often requires a shift in leadership mindset
(less command-and-control, more trust in workers’ expertise), aligning closely with HRO’s deference
to expertise. It also means ensuring workers are competent and informed: Safety-II goes hand-in-
hand with strong  safety leadership and training.  A recent doctoral study in Indonesia’s mining
sector found that implementing Safety-II concepts (measured in terms of the abilities to  respond,
monitor,  learn,  and  anticipate)  significantly  improved  companies’  resilience,  especially  when
supported by factors like good safety culture, leadership, and employee involvement . The
researcher recommended that regulators integrate Safety-II principles into mining safety rules – for
example, requiring evidence of workforce involvement in safety decisions – to institutionalize this
empowerment .

Embrace  “Work-as-Done”  (Reality)  vs  “Work-as-Imagined”: A  key  tenet  of  Safety-II  is
acknowledging  that  the  way  work  is  actually  carried  out  in  the  field  often  differs  from  what
procedures  imagine happens.  Rather  than  enforcing  strict  compliance  at  all  costs,  Safety-II
encourages mines to understand and even formalize the  successful adaptations workers make.
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Tools like  Learning Teams (post-job or post-incident group reflections) are used to capture insights
from workers about how they navigate constraints or surprises. For example, an underground crew
might routinely use an improvised method to handle a roof bolt in tricky conditions – if it’s keeping
them safe and productive, Safety-II would prompt management to learn from it and possibly adjust
the official procedure or share the practice across the company. In this way,  practical drift (the gap
between procedure and practice) is not viewed only as a deviation to correct, but also as a source of
innovation – provided it is done safely. Of course, this must be balanced with risk management, but
the point is to  value frontline creativity rather than stifle it.  By conducting regular operational
reviews  and  open  dialogues  (often  blurring  the  hierarchy  during  these  discussions),  mining
companies can ensure that safety management is grounded in the realities of mining work. This
principle  was  exemplified  in  Mitchell  Services’  crew  chats  which  “humanized  our  workforce”  –
management and workers shared stories and solutions, acknowledging different personalities and
approaches, but united by common safety goals .

Refocus  Metrics  and  Incentives: The  Safety-I  to  Safety-II  transition  also  means  changing  how
performance is measured and rewarded. If a mine only rewards low incident rates, workers might
hide issues (the classic “under-reporting” problem). Safety-II organizations instead track indicators of
capacity and learning: for instance, number of near-misses reported and acted upon, number of
safety improvements implemented from worker suggestions, frequency of emergency drills, etc. In
Queensland, following Brady’s recommendations, the regulator now monitors HPI reporting rates as
an indicator of a healthy reporting culture rather than simply judging companies by lost-time injury
rates . In other words, an increase in reported near-misses is seen as positive (more learning
happening) up to a point. HRO theory similarly notes that if minor errors or near misses get too low,
it may actually signal a lack of reporting and learning, which can be dangerous . Mining firms
adopting  Safety-II  often  publicize  and  celebrate  near-miss  reports  and  proactive  interventions,
sending a message that transparency is valued over paper “perfection.” Some even set targets for
leading indicators. This shift in metrics aligns everyone’s incentives with building resilience, not just
avoiding reports of injuries.

Integrate Resilience Engineering methods: On a more technical level, mines are starting to use
tools  from the Resilience Engineering discipline to  support  Safety-II.  One example is  Hollnagel’s
Functional Resonance Analysis Method (FRAM) to analyze complex processes and identify how
variability in one part of the system can affect another – useful for understanding, say, how a delay
in drilling maintenance might ripple into a safety  risk  elsewhere.  Another tool  is  the  Resilience
Assessment Grid, which measures the four resilience potentials (anticipate, monitor, respond, learn)
mentioned earlier .  By assessing these, a company can pinpoint where it  needs improvement
(e.g. maybe they are good at response – handling emergencies – but weak at anticipation – detecting
risks in advance).  Some large mining companies have started internal  programs to gauge these
capacities. For instance, a global mining firm might conduct an annual “resilience audit” in which
they  test  a  mine’s  emergency  preparedness  (response),  or  examine  if  workers  in  the  field  feel
comfortable raising safety concerns (monitoring ability). Such approaches complement traditional
audits by looking at positive capabilities, not just absence of negatives. Academic interest in Safety-II
for mining is growing: a 2024 study out of Indonesia demonstrated a model for measuring mining
company resilience and found that owner-operated mines scored higher on Safety-II potentials
than contractor firms,  likely due to more control over culture and systems . Insights like
these help companies and regulators tailor their improvement strategies.
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In summary, the move to Safety-II in mining involves  broadening the safety lens – from one narrowly
focused on preventing specific failures (Safety-I) to one that also magnifies how success is achieved on a
daily basis and how the organization can cultivate the conditions for success (Safety-II). It is a transition
from a mindset of “zero harm means nothing bad happened” to “zero harm means we have the capabilities to
handle  whatever  comes  our  way.” Importantly,  Safety-I  and Safety-II  are  not  mutually  exclusive.  Leading
mining  operations  integrate  both:  they  maintain  strong  controls  and  hazard  management  (to  prevent
known problems)  and invest  in human-centered approaches to handle unknown problems.  As the next
section explores, this integration of Safety-II principles actually reinforces the journey to high reliability,
marrying the two paradigms.

Safety-II and HRO: Complementary Frameworks for Reliability

It is no coincidence that many  Safety-II themes echo the principles of HROs – both approaches arose
from studying how complex systems can manage hazards successfully. In fact, implementing Safety-II can
be viewed as a pathway to achieving HRO status,  since the adaptive and mindful  practices of  Safety-II
directly support HRO’s hallmark characteristics.

Consider the alignment: HROs have a  preoccupation with failure, and Safety-II provides a practical way to
realize that by relentlessly examining “weak signals” and learning from everyday deviations. For example, an
HRO-minded mine knows that  periods of  no accidents may actually  be the  most dangerous times,  as
complacency and “drift” can set in . Safety-II practices address this by ensuring teams remain vigilant
during quiet periods,  conducting frequent check-ins and encouraging workers to report near-misses or
discomforts even when nothing has “gone wrong.” In other words, Safety-II operationalizes the HRO mantra
that  “success breeds complacency” by instituting processes to combat that complacency (such as random
audits, discussion of what could have gone wrong today but didn’t, etc.) .

The HRO principle of sensitivity to operations is likewise strengthened by Safety-II. HROs strive for real-time
awareness; Safety-II provides tools (like field observations, worker feedback loops) to achieve exactly that. A
great example is the use of  “Work-as-Done” narratives in Safety-II: capturing how work is actually done
and what people do to get the job done safely.  By having crews regularly describe their work and any
workarounds, a mining organization becomes more sensitive to operations – picking up on early indicators
of  trouble  or  opportunities  for  improvement  that  upper  management  might  otherwise  miss.  This  was
demonstrated in a case analysis of environmental incidents at mines: companies that lacked a collective
mindfulness of front-line operations failed to catch issues until too late, whereas an HRO approach focusing
on operational details could have flagged anomalies earlier .

Commitment  to  resilience in  HROs  is  essentially  the  Safety-II  philosophy  by  another  name.  HRO
researchers emphasize that organizations must be prepared to handle surprises and adapt on the fly

. Safety-II provides the rationale and methods for doing so, by viewing human performance variability
as  a  source  of  resilience  rather  than  just  error.  One  mining  safety  conference  paper  put  it  succinctly:
traditional safety management assumed we could predict and prevent every scenario, but “HROs have seen
beyond that… HROs sit between order and disorder, matching how the real system works – having a limit on
predictability – and have timely overlapping of basic formal structure with flexible structure” . In practice,
this means while a mine will have structured rules and emergency plans (order), it also cultivates flexibility
(disorder) through empowered teams and generalized skills – thereby combining thorough preparation with
the ability to improvise.  Safety-II’s  focus on maintaining  adaptive capacity (e.g.  cross-training workers,
scenario drills that inject unexpected events) feeds directly into that resilience commitment, ensuring that if
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one  defense  fails,  the  organization  can  recover  before  a  catastrophe.  Studies  of  HRO-like  mines  have
suggested  that  those  which  consciously  apply  such  Safety-II  concepts  (like  allowing  small  errors  for
learning, per Hollnagel and Amalberti’s insights) can indeed achieve a better safety record in the long run

.

Furthermore, deference to expertise (HRO) pairs with Safety-II’s view of humans as assets. Both approaches
insist that the person with the insight into a problem should be heard, regardless of rank. Safety-II,  by
promoting a just culture and open communication, helps break down hierarchical barriers – which in turn
creates the environment needed for deference to expertise to flourish. When a geological technician can
confidently voice concerns about strata instability and trigger an immediate response, that is  HRO and
Safety-II  in  action  simultaneously.  A  Safety-II-driven  safety  culture  (often  called  “Safety  Differently”)
implemented at a mine site typically involves flattening communication and encouraging humble inquiry by
managers. This matches what HRO scholars describe as a shift from bureaucracy to a “collective mindset”
where everyone’s  goal  is  the same (reliable,  safe  production)  and anyone can be the source of  crucial
information .

Finally, HRO’s reluctance to simplify is reinforced by Safety-II’s systemic, holistic outlook. Safety-II encourages
looking at the broad picture – how various factors interact – and warns against attributing incidents to a
single cause. This dovetails with HRO thinking that accidents are rarely isolated or freak events; they result
from a combination of minor factors aligning (the “Swiss cheese model” or “normal accident” theory). When
mines  apply  Safety-II,  they  are  more  likely  to  investigate  incidents  (and  even  non-incidents)  in  depth,
considering organizational  factors,  latent conditions,  and adaptive actions that succeeded or failed.  For
example, if a hauling truck narrowly avoids a collision, a Safety-II analysis might reveal that an operator’s
quick thinking prevented an accident  this time, but also uncover latent issues (like a design flaw in road
layout or a communication gap) that need fixing to prevent a future mishap. This comprehensive analysis
prevents oversimplification (“operator error, case closed”) and leads to more robust fixes – exactly what an
HRO would aim for.

In summary,  Safety-II and HRO frameworks are mutually reinforcing.  Safety-II provides the practices
and mindsets that help cultivate the five HRO characteristics on the ground, making high reliability  an
achievable  outcome  rather  than  an  abstract  ideal.  Conversely,  the  pursuit  of  HRO  status  gives
organizational impetus to sustain Safety-II  initiatives, as leadership recognizes that cultivating resilience
and mindfulness is key to being highly reliable. Both frameworks center on proactive management of risk
and continuous learning. As one mining safety expert observed, the industry must  “change language and
advice, examine beliefs and flow-on practices – living between order and disorder, expectation of surprise, being a
learning organization… Be as organized and disciplined as you can, and then expect surprise!” . Safety-II
is  essentially  the  embodiment  of  that  philosophy,  and together  with  HRO principles,  it  pushes  mining
organizations toward the dual goal of productivity and ultrahigh safety performance.

Role of Generative AI in Enhancing HRO and Safety-II Practices

The advent of advanced analytics and  generative AI technologies is proving to be a game-changer for
safety and reliability in high-risk industries like mining. By leveraging AI for predictive analytics, scenario
modeling,  and decision  support,  mining organizations  can significantly  bolster  their  HRO and Safety-II
efforts. Generative AI (which includes techniques like large language models, machine learning algorithms
for pattern recognition, and simulation tools) can help create the foresight, insights, and learning that HROs
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and Safety-II demand. Below are several ways generative AI is being applied or explored to improve safety
and resilience in mining:

Predictive Safety Analytics: AI systems can analyze vast amounts of historical safety data (incident
reports, near-miss logs, sensor readings) to identify patterns and leading indicators that humans
might miss. By using machine learning, mines can forecast the likelihood of certain types of incidents
and take preventive action before an accident occurs . For example, an AI might discover that
a combination of subtle factors – rising maintenance backlog on haul trucks, increased overtime
hours, and high dust levels – correlates with a heightened risk of haulage accidents. An HRO-minded
organization would treat such AI predictions as a valuable “early warning system,” consistent with
preoccupation  with  failure.  In  the  United  States,  researchers  demonstrated  a  model  that  uses
MSHA’s database of mining accidents and injuries to infer risk levels; the model could flag potential
incident scenarios by learning from hundreds of past reports . This kind of predictive insight
enables  a  shift  from  reactive  to  proactive  safety  management,  fulfilling  the  Safety-II  ideal  of
anticipating trouble before it strikes.

Real-time Monitoring and Anomaly Detection: Generative AI  can be deployed to continuously
monitor live data from equipment and the environment to catch hazards in the making. Modern
mines are equipped with IoT sensors, high-resolution cameras, and fleet management systems –
producing a flood of data. AI algorithms (including computer vision and anomaly detection models)
can analyze this data stream to detect signs of danger, such as a slight shift in ground movement
indicating a  slope failure,  a  hotspot  on a  conveyor  roller  signaling a  potential  fire,  or  a  worker
entering an unauthorized zone. Unlike traditional threshold-based alarms, AI can recognize complex
patterns or combinations of  sensor signals that suggest something is  “off.”  For instance,  one AI
system might learn that a certain vibration pattern combined with increased motor temperature on
a dragline predicts a mechanical failure within hours.  Generative models improve as they ingest
more data, becoming more accurate at forecasting equipment breakdowns or unsafe conditions

. HROs value such technology because it enhances sensitivity to operations: the AI is essentially an
ever-vigilant  observer  that  never  gets  tired.  When an  anomaly  is  detected,  AI  can  alert  human
operators or even automatically trigger slow-downs and shutdowns. A recent industry report noted
that AI-driven predictive maintenance and inspection can significantly reduce the risk of unexpected
failures in mining, thereby preventing accidents before they happen . In effect, AI augments
human monitoring, aligning with the HRO approach of never being complacent that “all is well.”

Scenario  Modeling  and  Simulation  (“Digital  Twins”): Generative  AI  can  create  sophisticated
simulations of mining processes and potential accident scenarios – often referred to as digital twins
when tied to real  operations.  By inputting various parameters (equipment states,  environmental
conditions,  human actions),  AI-generated simulations allow companies to virtually  test  how their
system would respond to different events. This is extremely useful for Safety-II learning and HRO
resilience. For example, AI can simulate an emergency like an underground fire or a tailings dam
breach and model the cascade of events, identifying where existing controls might be overwhelmed.
Engineers  and  safety  professionals  can  use  these  simulated  outcomes  to  improve  emergency
response  plans  (essentially  conducting  “pre-mortems”).  Generative  AI  can  also  optimize  these
scenarios:  What  is  the  best  way  to  evacuate  a  mine  if  scenario  X  occurs?  Where  are  the  decision
bottlenecks? Because AI can rapidly generate variations of scenarios, it helps organizations practice
and prepare for a wide range of surprises . In training, miners can experience realistic VR/AI-
driven drills that adapt in real-time to their actions, a far cry from static mock drills. This builds true
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adaptive  capacity.  The  evolution  from  Safety-I  to  Safety-II is  evident  here:  rather  than  only
focusing on scenarios that have happened (past accidents), generative AI enables mines to explore
novel scenarios (possible future accidents) in a consequence-free environment. Some large firms are
already using AI-based mine simulators to train managers in  crisis  decision-making –  effectively
stress-testing the organization’s resilience muscles.

Incident Analysis and Organizational Learning: A particularly exciting application of generative AI
is using natural language processing (NLP) on textual safety data – incident reports, investigation
findings, hazard hunt notes, etc. These narrative records are a goldmine of lessons, but historically
they  are  under-utilized  because  it’s  laborious  to  read  and  synthesize  hundreds  of  reports.  AI
language  models  (like  GPT-3  and  successors)  can  rapidly  analyze  and  summarize  these  texts,
extracting common causes, contributing factors, and recommended fixes. For example, researchers
at the University of Utah applied OpenAI’s GPT-3 to decades of mining fatality reports from
MSHA and found that  the AI  could classify  incident  narratives,  summarize key points,  and even
suggest  preventative  measures .  The  AI  essentially  learned  from  past  accidents  to
“recommend” interventions,  demonstrating the potential  of  GPT-based analysis to support safety
management. With generative AI, a mining company could ask, “What are the recurring human-factor
themes in our last 50 incidents?” and get an answer in seconds, whereas a manual review might take
weeks.  This  accelerated  learning  loop  is  invaluable  for  a  Safety-II  approach,  which  depends  on
quickly  absorbing  lessons  (from  both  failures  and  successes)  and  diffusing  them  through  the
organization.  Generative  AI  can  also  be  used  to  create  easy-to-digest  safety  bulletins  or  even
conversational agents (chatbots) that employees can query for safety guidance. Imagine a worker
being able to ask a chatbot, “Has this task ever led to incidents in the past?” and the AI instantly
replying with insights from historical data (e.g. “Yes, similar tasks have had incidents involving X,
ensure you do Y”). This kind of decision support democratizes knowledge and reinforces an HRO’s
commitment to learning at all levels.

Decision-Making  Augmentation: In  high-pressure  situations,  AI  can  act  as  a  co-pilot  for  mine
decision-makers. For instance, during an evolving crisis (say, a mine inundation scenario), a decision-
support AI could run numerous real-time simulations in the background and provide leaders with
probable outcomes of different actions (“If you withdraw personnel now vs. wait 10 minutes, here is
the risk profile…”). Generative AI models that have been trained on emergency response data and
mine-specific information can generate  recommendations or checklists to assist under stress .
While final decisions remain with humans, having AI-generated insights can reduce cognitive load
and bring options to attention that  a  team might overlook in the heat  of  the moment.  Even in
routine  operations,  AI  can  help  optimize  plans  with  safety  in  mind  –  for  example,  generative
algorithms could suggest an altered production schedule when fatigue risk is forecasted to be high,
balancing  output  with  safety.  This  capability  aligns  with  HRO  and  Safety-II  traits  by  ensuring
deference to data-informed expertise (the AI in this case) and by maintaining flexibility to adapt
plans. To illustrate, one mining tech firm used AI to automatically generate risk assessment reports
by  analyzing  equipment  data  and  incident  logs,  providing  managers  with  near  real-time  risk
dashboards . Such tools highlight where attention is needed, supporting the HRO principle of
continuous  vigilance.  The  end  goal  is  an  AI-assisted  organization  where  routine  decisions  (like
maintenance priorities) and even strategic ones (like design of mining methods) are informed by a
rich analysis of safety implications – effectively hard-wiring safety into all processes via data.
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Early adopters of these AI technologies in mining are reporting improvements. Deloitte analysts noted that
combining AI with IoT sensors has “revolutionized health and safety in mining operations”, citing examples like
autonomous haulage (removing people from harm’s way), AI-driven proximity detection to prevent vehicle
collisions,  and  drone-based  monitoring  of  geotechnical  risks .  While  those  are  broader  AI
applications,  the  generative  AI trend  specifically  amplifies  the  intelligence  behind  safety  systems.  By
generating  predictive  models,  synthesizing  knowledge,  and  even  creating  new  training  scenarios,
generative AI extends the reach of human experts and helps cultivate an HRO’s collective mindfulness.
Importantly, AI is most powerful when used with human expertise, not in place of it. In HRO terms, it adds
another layer of defense and foresight – much like an experienced engineer who never sleeps. However,
organizations must ensure that AI tools are trustworthy and that users are trained to interpret AI outputs
correctly (avoiding over-reliance or misunderstanding). When done right, generative AI becomes a force
multiplier for Safety-II and HRO efforts: it processes the deluge of modern data to find weak signals, it helps
imagine  and  prepare  for  the  unexpected,  and  it  spreads  critical  safety  knowledge  quickly  through  an
organization .

Conclusion

The journey to high reliability in the mining industry is  complex and continuous.  It  requires a  cultural
transformation grounded in HRO principles – relentless worry about what could go wrong, deep respect
for the realities of operations, resilience in the face of surprise, and empowerment of those with expertise.
It also calls for embracing the new safety paradigm of Safety-II, where success is analyzed as vigorously
as failure, and where humans are seen as solution-makers in a dynamic system. Australia’s mining sector,
learning from hard lessons of the past, is at the forefront of integrating these ideas, but the paradigm shift
is global and spans industries. The marriage of HRO and Safety-II approaches offers a powerful framework
for mining companies to not only prevent disasters but to operate more adaptively and efficiently on a
day-to-day basis – an organization that can “expect the unexpected” and handle it in stride. 

Generative  AI,  as  an  emerging  ally,  provides  unprecedented  capabilities  to  support  this  mission.  By
illuminating patterns in data and extending our predictive horizon, AI helps identify the proverbial cracks
before  they  become chasms.  By  modeling scenarios  and capturing collective  knowledge,  it  accelerates
learning  and  preparedness.  In  essence,  AI  can  serve  as  a  catalyst  for  the  safety  culture  evolution:
reinforcing near-miss reporting, sharpening operational awareness, and aiding swift,  informed decision-
making – all of which are cornerstones of both Safety-II and HRO frameworks. As mining companies deploy
these advanced tools, they must do so while upholding the values of transparency, worker participation,
and continuous improvement that define high reliability organizations. 

In closing, the convergence of people, process, and technology – empowered workers (people), robust yet
flexible safety management systems (process), and intelligent analytics (technology) – is paving the way for
a mining industry that achieves the ultimate goal: sustainably safe and reliable production. By rigorously
applying HRO principles, transitioning to Safety-II thinking, and leveraging generative AI innovations, mines
can  protect  their  workers  and  communities  while  attaining  operational  excellence .  The  path  is
challenging, but the direction is clear: the safest mines of tomorrow will be those that are  highly reliable,
highly resilient, and highly informed. 

Sources: Academic literature, government reports, and industry case studies have been cited throughout to
substantiate the concepts and examples presented. These include the Queensland Brady Review and follow-
up initiatives , research publications on HRO theory in mining , Safety-II implementation studies
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,  and emerging analyses of AI in mining safety , among others. These references provide further
detail and evidence for the strategies discussed in this report. 

How high reliability organisation practices are being applied in the Queensland mining
industry | Commissioner for Resources Safety & Health
https://www.commissioner.rshq.qld.gov.au/news-publications/news-archive/2022/how-high-reliability-organisation-practices-are-
being-applied-in-the-queensland-mining-industry

High Reliability Organisations – Making it Real - Sustainable Minerals Institute - University of
Queensland
https://smi.uq.edu.au/event/9956/high-reliability-organisations-%E2%80%93-making-it-real

Mining-related environmental disasters: A High Reliability Organisation (HRO)
perspective | CoLab
https://colab.ws/articles/10.1016%2Fj.jclepro.2023.137965

SafetyLit: Assessing the HRO: tools and techniques to determine the high-reliability state of an
organization
https://www.safetylit.org/citations/index.php?fuseaction=citations.viewdetails&citationIds[]=citjournalarticle_668256_8

ICMM Principles and High Reliability Organization
(HRO) Alignment
https://www.linkedin.com/pulse/icmm-principles-high-reliability-organization-hro-lund-s%C3%B8rensen-zjosf

Queensland Mines and Quarries Safety Performance and Health Report
https://www.publications.qld.gov.au/dataset/52b27e34-3603-456a-bfb0-e4c0be78be50/resource/2ff4e6cd-d822-41c8-
b875-7ef9c23fe8a2/download/2019-20-queensland-mines-and-quarries-safety-performance-and-health-report.pdf

Microsoft Word - WMC_Full_Paper_Ben_Seligmann_HROSMJM_v2
https://www.qmihsconference.org.au/wp-content/uploads/2022/09/Ben_Seligmann_HROSMJM_Final_Paper_v2-1.pdf

Serious accidents, mine safety and High Reliability Organisations: Revisiting the key messages
from the Brady Review - Engineers Ireland 
https://www.engineersireland.ie/Engineers-Journal/Civil/serious-accidents-mine-safety-and-high-reliability-organisations-
revisiting-the-key-messages-from-the-brady-review

Leading for High Reliability Centre - Sustainable Minerals Institute - University of Queensland
https://smi.uq.edu.au/lhrc

Normal
https://www.england.nhs.uk/signuptosafety/wp-content/uploads/sites/16/2015/10/safety-1-safety-2-whte-papr.pdf

Mitchell Services | WorkSafe.qld.gov.au
https://www.worksafe.qld.gov.au/resources/campaigns/awards/resources/videos/2018-safe-work-and-return-to-work-awards/
mitchell-services

FPH UI Doctoral Research: Development of Safety-II Concept for Safety Management in
Mining Companies in Indonesia – FKM UI
https://fkm.ui.ac.id/en/fph-ui-doctoral-research-development-of-safety-ii-concept-for-safety-management-in-mining-companies-
in-indonesia/
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