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Abstract

Effective risk management and oversight of technological risks require the judicious application of
lessons learned to prevent future technological incidents and control their impacts. In this respect, the
number and diversity of industries, substances, equipment, and processes, make learning lessons from
chemical accidents particularly challenging. Throughout the risk management cycle, it is critical to have
competences involved that are able to use past accidents to identify and apply relevant lessons learned
to a wider range of scenarios involving different substances, equipment, processes, establishments and
industries. Auditors and inspectors also need to know what constitutes a useful accident report and good
lessons learned practice. There should also be competence in lessons learning available to help
management and authorities use accident information to change their risk management practices and
requirements, and conduct learning investigations of their incidents.

Despite this need, techniques for analyzing lessons learned, and conducting learning investigations, are
not widely taught as part of the engineering disciplines that underpin the industrial economy. Learning
and analysis for learning are traditionally disciplines of the social sciences and there is not always
sufficient cross-fertilization between the disciplines.

Therefore, this handbook is written to try to fill that gap. It is mainly intended for the engineers that work
daily with the processes and systems where lessons learning should be applied. It is specifically aimed
to build competence in lessons learning in the chemical accident stakeholder community, in particular,
inspectors of hazardous sites, but also is just as relevant for operators of these sites. Moreover, the
concepts and techniques are equally effective in extracting lessons learned from other types of
technological risks.



Preface

In the hazardous industries, lessons learning is held as one of the most important contributors to
prevention of chemical incidents' and mitigation of their consequences. Many countries, such as those in
the European Union (EU) and in the Organization for Economic Cooperation and Development (OECD), have
legislation that encourages, or even requires, that hazardous industries engage in lessons learning. There
are several open source databases of chemical incidents for that purpose.

Nonetheless, there is evidence that there is not enough learning taking place. For example, in highly
industrialized countries that also have strong regulatory regimes to reduce chemical accident risk, the
following can be noted:

e Chemical accidents are still a regular occurrence, although most of them are fortunately not
serious. For example, Figure 1 shows that the EU was responsible for nearly 1/3 of the over 1,000
chemical incidents worldwide in 2023 but suffered only 36 deaths as a result compared to 1,095
fatalities from chemical incidents worldwide in that same year.2

e Serious accidents, e.g., with one or more deaths or injuries, often seem to occur as a result of a
well-known failure types, for example, in maintenance and in loading and unloading activities.
Such failures occur both in companies with high hazard awareness as well as companies in
industries that are not considered high hazard, although they deal routinely with hazardous
substances.

Figure 1. Analysis of serious chemical accidents as reported in the global media in 2023

3070 2758
1184 1095
39 % 281 190 91 36 312 430
. |
F— A I 7 4
Total events Deaths Injuries

mAll Non-OECD OECD EU/EEA

Source: JRC GMI-CHEM database of chemical accidents reported in the global media. For more information, see
the JRC CAPRI Chemical Accident Information Portal

Further evidence can be found of a survey of EU hazardous site inspectors as part of a workshop on
lessons learning for inspectors in 2013. According to the survey, many inspectors across the EU routinely
assess operator investigation reports. Their survey responses indicated that operator reports frequently

' A chemical incident is an umbrella category of events occurring in a work environment involving the release of a hazardous
substance.

2 From the European Commission’s GMI-CHEM database of chemical incidents reported in the global media, collected by the Joint
Research Centre’s Major Accident Hazards Bureau. (For more information, the JRC's CAPRI portal provides a snapshot of data
from serious incidents collected from the media annually as well as data on worldwide and historic disasters.)
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exhibit the following common deficiencies (Weibull et al., 2020).The search for root causes is not deep or
broad enough.

e Organizational, management and human factor issues are overlooked in favour of technical
and engineering factors.

e Lessons learned are missing or not specific enough.

e Corrective actions are often limited to the relevant plant or equipment only and not applied
on similar facilities or equipment.

e Investigations are carried out to fulfil formal requirements or in an attempt to prevent legal
or civil claims.

In the last few decades, there has been considerable effort by many hazardous industries as well as
government organizations to promote lessons learning through reporting and investigation mechanisms.
As a result of a broader movement in other hazardous areas, such as nuclear power and transportation,
one can find quite a lot of guidance and various methodologies for performing accident investigations to
identify root causes and contributing factors. Yet, despite the wealth of information on investigation, and
a plethora of chemical accident reports available in the public domain, there is actually very little
information on what lessons learning should look like and the many ways that lessons learned information
can be useful for preventing chemical accidents and their consequences

Notably, a requirement for chemical accident reporting and investigation is built into many corporate risk
management policies and into government programs and legislation governing chemical risk
management. Indeed, there are a number of industry and government open source databases where
information resulting from chemical accident investigations can be found. A typical approach followed by
many governments around the world is illustrated in Figure 2.

Figure 2 . Steps in reporting following a chemical incident

K’ Member

State renort
K-V Reviewed
by /"
Investigation Summarised in
K’ report report
available to the
\ public
Investigation and Analysis \
Interlinking roles of industry and

competent authorities in accident
Pl / investigation, analysis, and lessons

(sometimes other bodies) learned dissemination in the EU

Source: Flowchart by Allford and Wood

Reporting incidents is not enough, however. There are more steps in this learning process following an
investigation, including dissemination and instigation (or implementation) of the learnings. More often
than not the process of learning is stopped after reporting. (Hailwood, 2016). Learning does not occur if
accident reports are only filed into a computer database.

This handbook argues that processing information to identify lessons learned is also a distinct step in the

learning process. Processing usually occurs at least once after the investigation by the investigation

team, but it also can occur many times after dissemination by other actors involved in the dissemination
8



or application of the lessons learned. There are particular skills that these actors need to derive useful
lessons learned from accident reports that are relevant for their target audience.

As one example, at the workshop for EU hazardous site inspectors in 2013, a common frustration for
inspectors was that there was not very much available on effective ways of using the information from
investigations. Comments and workshop discussion indicated that the competence was largely developed
within the inspectorate from experience and academic sources. Moreover, in a survey of workshop
participants, only 36% of inspectors reported having confidence in their ability to extract lessons learned
and use other data from open source databases of chemical incidents (Weibull et al., 2020)

The handbook also places emphasis on the many actors that can stand to learn from an incident or groups
of incidents. Investigation(s) following an incident will generally only bring the perspective of the target
audience that they are serving to interpret the incident findings as learnings. For example, a company
will look for insights for improving its operations. Government safety boards may look at the failures of
both the company and government oversight organizations. Due to their specific missions, there may be
lessons learned that these investigations ignore. For instance, the company will not generally look for
lessons learned that could be useful their government inspectors and government safety board may not
be particularly interested in delving too far into human factor causality. Yet even if they did not note them,
the lessons may be there.

In essence, knowing how to spot lessons and patterns from chemical incidents can benefit many
stakeholders. While knowing the lessons is not the same as implementing the lessons, it is the first step
in that direction. The authors believe that if lessons learning is more widely appreciated and taken up as
a skill by the community of stakeholders engaged in chemical accident risk management, then there will
be more learning.. With more stakeholders engaged in learning, there will be more opportunity to learn
lessons early and apply them in a timely fashion before another chemical accident occurs.



1 Introduction

This chapter aims to help users understand the purpose of the document and the intended audience. It
explains the necessity of learning from chemical incidents that can occur in any business handling acutely
dangerous substances in volumes sufficient to cause serious accidents. Furthermore, each chapter is
identified as contributing to the document’s overall objective of teaching how to master the art of lessons
learning for reducing chemical accident risk.

1.1  What is the purpose of this document?

This handbook is intended to be a resource in oversight and risk management responsibilities associated
with any activity where the chemical accident risk has been determined as high enough to merit focused
risk management measures. The diversity of factors that can influence a chemical accident is very broad
(e.g., substances, industrial sectors). Therefore, lessons learning sometimes requires a certain level of
confidence and expertise to sift through a mountain of data to derive robust and important findings. Itis
hoped that this handbook might contribute to elevating and spreading competence among those who are
charged with the important responsibility of overseeing or managing chemical process safety.

1.2 Why is this publication necessary?

There is strong evidence that competence in lessons learned is not widely available. While lessons
learning is not only about the analysis, the analysis is the first step in learning. A paucity of competence
in analysis within hazardous industries, and even academia (as may also be the case), can lead to limited
understanding to anticipate and predict future potential failures one’s own operations as emerging risks
in the industry as a whole.

In particular, in industrialized countries that have strong process safety cultures and regulatory regimes,
the following is observed:

. Without a doubt many industry actors place a high value on lessons learning. However, it is
not evident that the art of data analysis, as it applies to chemical incidents, is systematically
taught or prioritized as a training objective for safety staff on many sites dealing routinely
with hazardous substances.

. The analysis of lessons learned is not taught as part of process safety studies, including
analytical techniques for trend analysis, as evidenced by a very low number of high quality
studies of failure trends associated with chemical incidents in the scientific literature. Such
training would include recording incident information in a systematic way (e.g., common
nomenclature) to facilitate filtering and quantitative analysis of groups of accidents. It would
cover the basic principles of statistical analysis, and how to use information effectively to
draw meaningful conclusions.

. There are several open source databases of chemical incidents created by both government
and industry and yet none use the same nomenclature or format for presenting chemical
incidents. Only two databases are available for download in an Excel file, the EU eMARS
database and the I0GP incident database (see Annex 3). It is hard to find evidence that
analysis of lessons learned from incidents outside one’s own operations is a common
practice.

. These observations suggest that competence in maximizing lessons learning potential from
chemical accidents is not easy to obtain. There are few if any courses for process safety
engineers that would help the industries develop specialists in this area.

In teaching the art of analysis through this publication, it is hoped that the entire field of process safety
will make a higher commitment to learning from failure from accidents. With greater attention on
cultivating this competence in industry and government, it could be expected that more failure trends will
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be spotted earlier by industry and government. Also, there may be higher priority assigned to monitoring
chemical incidents as they occur over time across geographic areas and industry, providing advance
notice of emerging trends and existing vulnerabilities.

1.3 What does this document cover?

This handbook provides guidance on the art of extracting lessons learned from investigations of chemical
incidents occurring on industrial sites. The process of learning lessons from chemical incidents is derived
from lessons learning across all technological risks, especially nuclear, aviation and transportation fields.
The recommendations in this document can be easily applied in other technological areas. The authors
have focused on chemical accident risk because it is their expertise, but also because there is often
insufficient training in lessons learning in government and industry that have responsibilities related to
chemical risk management.

Lessons learned from chemical incidents supports the overarching objective of protecting workers,
people and the environment from the consequences of chemical accidents. For this purpose, this
document cites the many different audiences that can benefit from learning how to derive lessons from
chemical accidents. It also gives some examples of what learnings such audiences can specifically obtain
through studying chemical accidents.

The document is divided into chapters that move from the theoretical concepts to practical application.

o Chapter 1 describes the purpose of the document and why it is needed, and identifies the target
audience and ways in which the content may be applied.

e Chapter 2 document gives a general overview of the fundamental principles that underpin lessons
learning from incidents.

o Chapter 3 gives an overview of common conceptual frameworks used to structure investigation
and analysis of chemical accidents.

e Chapter 4 provides insights into how components of the investigation process can be designed to
help drive lessons learning objectives.

o Chapters 5 describes techniques for extracting lessons learned from individual chemical incident
narratives.

e Chapter 6 explains the systematic procedure that can be followed to derive lessons learned from
analyzing groups of incidents.

o Chapter 7 offers a perspective on what kinds of decisions may be involved in achieving effective
implementation.

e Chapter 8 Conclusion

How to achieve successful implementation of lessons learned is outside scope of the document.
Implementing lessons learned is a whole topic unto itself bound with corporate leadership, safety culture
and performance management. Several organizations have worked, and continue to work, on making
implementing lessons learned a practice that is common to hazardous sites. Many of these organizations
are those mentioned in the references and in Annexes 3 and 4 in association with chemical incident
databases and investigation reports.

1.4 Who is the audience for this document?

This document aims to support any stakeholder in government, industry or research engaged in learning
lessons from chemical accidents, whether in association with a specific incident investigation or in
analyzing of findings from incident investigation reports or summarized in chemical incident databases.



The document is of particular relevance for process safety in the chemical and petroleum industries, and
also operators in other sectors, that are identified in legislation as “high hazard”.?®

However, any operator in any domain that is aware of its activities having a chemical hazard component
may find this document useful. Chemical accident risk management is a multi-disciplinary field, requiring
the involvement of many different actors with different roles and specialties. Hence, the use of this
document is expected to reach a diverse range of experts and functions that play a role in reducing
chemical accident risk in society. These experts and functions include, but are not limited to, safety
managers; environment, health and safety managers; designers of equipment and chemical processes;
government inspectors and regulators with related environment, safety and health competences;
emergency responders; industry associations; high level operations managers; corporate and
government policymaking units; and researchers in process safety, human factors and many other related
fields.

The document is intended to support various roles associated with lessons learning from chemical
incidents, such as,

e analyzing and generating lessons learned as part of an accident investigation team

e reviewing findings and lessons learned from an investigation as part of corporate or government
oversight

e analyzing accidents to extract lessons learned from an existing report or from an incidents
database, for any number of purposes, such as:

o Design of equipment or production processes

o Improvement of procedures or risk management strategy

o Preparing for an audit or inspection of a hazardous operation

o Sharing lessons learned as part of training and awareness of staff

o ldentifying evidence of impacts of government or corporate policy or to identify areas
for improvement

o Creating or updating technical and safety standards

1.5 What this document is expected to achieve

In sum, the authors hope that this document will equip a wide range of actors with the technical
competence to extract lessons learned from incidents. Moreover, incidents that create opportunities for
learning are not limited to those involving hazardous substances. Learning from incidents is universally
applicable to a wide range of fields, from finance to civil engineering to medicine and many, many other
complex operations and technologies. The more learning from adverse events is an accessible skill, the
more information is available to protect the well-being of our loved ones, our communities and
environment.

% For example, the EU Seveso Directive 2012/18/EU for controlling major accident hazards in the European Union covers a
wide range of industries using type and volume of acutely hazardous substances as criteria (rather than industry sector).
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Chapter 1 Summary

Purpose of the Document - The handbook is designed to support the extraction of lessons learned
from chemical incident investigations to enhance safety and prevent major accidents in industrial
settings. It aims to assist stakeholders in government, industry, and research in systematically
analysing findings from incident reports and databases.

Necessity of Lessons Learning - Despite numerous chemical accident reports and public
databases, there is little guidance on how to effectively extract and apply lessons. The handbook
builds on prior research, including insights from process safety pioneer Trevor Kletz and
regulatory experiences, to provide practical guidance.

Applicability Across Sectors - While the focus is on chemical accident risks, the principles outlined
can be applied to other technological risk areas such as nuclear, aviation, and transportation. The
document aims to address the lack of structured training in lessons learning related to chemical
risk management.

Intended Audience - The handbook is particularly useful for professionals involved in process
safety, including safety managers, inspectors, policymakers, emergency responders, industry
associations, and researchers. It is relevant for any industry dealing with hazardous substances.

Structured Approach to Lessons Learning - The document provides methodologies for deriving
lessons from chemical accidents through investigation, analysis, and review processes. It covers
frameworks for structuring investigations, analyzing incidents systematically, and deriving
meaningful insights.
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2 Fundamentals of lessons learning in the context of chemical accident risk

This chapter defines lessons learning as a critical part of chemical accident risk management, detailing
how it reveals breaches in safety boundaries and the need for continuous updates to practices as
technology, management, and personnel evolve. It distinguishes between different types of chemical
incidents—such as accidents, near misses, and potential accidents—and explains how extracting lessons
goes beyond identifying causal factors by focusing on actionable insights without casting blame.
Furthermore, it outlines the essential competencies—Llike process safety expertise, deductive reasoning,
and data analysis—needed to systematically study incident patterns and inform improvements in hazard
identification, risk assessment, and overall safety management.

2.1 Lessons learning key concepts and definitions

Lessons learning is an essential component of chemical accident risk management. It has been proven
over and over again that safe operations depend on respecting boundary conditions. The boundary
conditions are all the elements that assure the safe operation, rules and procedures, process and
equipment controls, equipment integrity, utilities and infrastructure, management, standard and
regulations, etc. Lessons learning from chemical accidents exposes all the ways that such boundaries
can be violated. As technology, management, and employees change, the lessons need to be continually
renewed and passed on.

The ongoing dissemination of lessons learned achieves a number of objectives.
e ltis necessary for avoiding repetition of mistakes of the past. It is also

e |t is essential to updating practices, frameworks and standards that guide management of these
risks remain as more is known about specific risks

e it allows understanding of risk to keep pace with technological and social change and emerging
changes in vulnerability and exposure

The guiding principle behind lessons learning is that no one can know it all. Even if eventually our
computers store all the lessons learned that have ever been generated, the information still has to be
extracted and provided to the humans that need it.

In particular, incidents confirm or provide evidence of vulnerabilities before the vulnerabilities become
sources of incidents. In complex systems, the human brain is not necessarily always able to envision all
that could go wrong. Nature, technology and social interactions are far more complex than is imaginable.
Even artificial intelligence (Al) can only be useful if, in the first instance, humans identify all the types of
lessons that can be learned in a given situation.

Therefore, it is crucial that lessons learned from chemical incidents provide input into the risk analysis
process. It follows then that lessons learning competence is needed for more than just the investigation.
The risk management processes, that is, hazard identification, risk assessment and risk treatment, are a
manifestation of conscious efforts to address potential weaknesses in safety management. Failure to
identify hazards in process design, and recognize potential risk from even the smallest deviation from
established standards and procedural norms may have serious and sometimes even fatal impacts.

Moreover, operators in complex systems must maximize opportunities for learning by not only
systematically incorporating lessons learning from their own failures, but also from the failures
experienced by others. Achieving this objective requires knowledge of how to find chemical accident data
in the public domain and how to analyze accident reports to find patterns of failure.

2.2 What is meant by a chemical incident, accident, and near miss?

A chemical incident is an umbrella term for events that involve, or could potentially have caused, the
release of a dangerous substance that is acutely hazardous, that is, the substance is able to cause harm
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immediately after it is released.* Theoretically, any type of chemical incident can generate interesting
lessons learned. However, the purpose of studying chemical incidents is to prevent serious chemical
accidents.’

This document takes the view that not all chemical incidents are accidents, even if a release occurred.
The following classification, borrowed from Cowley (Cowley, 2020), classifies chemical incidents involving
unplanned releases of hazardous substances in this way:

e A chemical accident refers to an actual accident, that is, a real incident that happened (energy or
hazardous material was released) and had significant actual consequences, that have a
measurable impact on human heath, company operations, the environment, the community, or
society at large. Such accidents may also be referred to as serious accidents.

In this context, significant consequences may also be further elaborated. Table 1 shows one way
to assess the severity of consequences. The European Gravity Scale for Industrial Accidents also
uses a similar approach, dividing impacts into four category impacts including volume of
substance released, human and social consequences, environmental consequences, and
economic consequences.

e A near miss in this document refers to a real incident that happened (energy or hazardous
material was released) without significant consequences but did not have a serious impact but
might have had under different circumstances, that is, if the sequence of events had not been
interrupted by a planned control measure or by happenstance.

¢ Apotential accident is an unsafe act or condition that could have led to an incident but was stopped
from developing into a real incident, without release of energy or hazardous material.

Another subset of chemical incident that is not an “accident” is an event that results from an intentional
release of an acutely hazardous substance, e.g., as the result of a malicious or terrorist act. Such an
incident would not qualify as an accident, but would clearly have important lessons learned for security.
Intentional incidents also often have lessons also for process safety generally, such as providing
information to improve emergency response, or to enhance knowledge about potential consequences
from releasing a particular substance

Notably, chemical incidents are distinct from chronic releases of dangerous substances in that the system
surrounding the production, use, handing and delivery of the chemical is designed for zero exposure to
acutely hazardous substances. Therefore, a chemical incident or accident are often described as a “loss
of containment”.

“ Acutely hazardous substances are those whose flammable, explosive or toxic properties have potential to cause serious harm or
damage to humans or the environment upon release from containment. Acutely hazardous substances are classified in many
countries around the world in alignment with the UN Globally Harmonized System of Classification and Labelling of Chemicals (GHS).
The GHS or similar classification is also the leading criterion for determining whether particular regulations and risk management
practices apply in a workplace.

> This document predominantly uses the term “chemical incident” and “chemical accident” interchangeably, although by default,
“chemical incident” is the preferred term, as is also the practice in the field of chemical process safety. However, it is not always
clear which term is better, chemical incident or chemical accident, in some contexts. The aim of process safety management is to
prevent serious chemical accidents but the preferred strategy for preventing serious chemical accidents is to prevent all chemical
incidents (or potential chemical incidents). For example, the objective of safety management is usually identified as the management
of “chemical accident risk” (or sometimes even “chemical disaster risk”) not “chemical incident risk”. For this reason, the two terms,
chemical incident and chemical accident, are often used interchangeably partly because “chemical accident” is the norm in some
contexts, even if not strictly correct, and also because it is not always possible to determine whether “incident” or “accident” fits
better.
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Table 1. Consequence Severity Scale Reference (Summers et al., 2011)

People Environmental Damage Asset loss/Operation impact
5 Multiple fatalities Catastrophic off-site damage >$10M and substantial offsite
damage
4 1 or more fatalities Significant off-site damage $1M - $10M and severe impact
3 Hospitalization injury Onsite or offsite release $100K - $1M and significant impact

without damage

2 Lost workday injury Onsite or offsite release $10 - $100K and some impact
without damage

1 Recordable injury Onsite release <$10K and minor impact

This document primarily targets lessons learned from chemical incidents in industrial settings, although
the information is equally valid for commercial settings, hospitals and other sectors where dangerous
chemicals are part of normal operations.

Some experts will say that there is also a category of chemical incidents where little harm is caused and
the lessons learned are so basic that they do not really achieve new learnings, e.g., it was caused by a
fluke event or willful disregard of a known rule. However, the default assumption is that such events are
rare and there is value in understanding the factors that caused the unplanned releases that occur. For
example, the analysis of groups of incidents in similar contexts may sometimes reveal a pattern of
vulnerability that could not be identified in the individual case.

2.3 What are lessons learned?

As a concept, lessons learning from incidents (sometimes abbreviated as LFI) has its roots in
organizational learning theory. A lessons learned from a chemical incident is an insight that identifies a
potential vulnerability in the circumstances surrounding the storage, handling or use of a dangerous
substance that could initiate release of the substance from its containment.

A lesson does not have to be new as in the sense of something that was previously unknown. If a person
or organization is unaware of a particular lesson, then it is still a lesson for them. There are many
instances where a lesson has been learned from an accident but the lesson is not applied elsewhere
because other sites fail to recognize that the lesson applies to them. For example, one might ask why are
there so many chemical incidents associated with loading the wrong substance into a container. If, despite
all the warnings from similar incidents, such an incident occurs on a site, the lesson for the site is that
they have a vulnerability that they failed to identify.

There are many lessons in hazardous industries that have been “learned” many times but are somehow
repeated. If a known principle is ignored or violated, the lesson lies in the reason why the principle was
known or violated. Moreover, there is also a lesson in repetition. Sometimes a repetition of the error is a
signal that there is something deeper that needs fixing.

2.4 What can cause a minor accident can cause a major accident

What can cause a minor accident can cause a major accident. Figure 3 is a representation of the accident
triangle, first proposed by Heinrich in which he suggests there is a quantitative relationship between the
number of catastrophic, serious accidents, and minor accidents and near misses. The theory is useful for



conceptualizing the value of investigating and learning lessons from near misses.® While Heinrich’'s and
others’ claim about a universal ratio between the different accident severity types is not credible, the
triangle itself is an elegant way to illustrate that minor incidents and major accidents are related.

Good risk management requires tracking all incidents, including “potential incidents” and “near misses”.
The incident register can then be periodically analyzed as a kind of vulnerability check and to identify
potentially recurring threats to safety. When an incident occurs, it normally would be registered but also
investigated for lessons learned if it meets criteria established by the operator. For example, one criterion
may be that the accident had the potential to cause far more serious harm under other conditions. This
practice allows learning lessons from minor events so that major events can be prevented.

Figure 3. The accident triangle

Major
) incidents
Increasing
stakeholder . . .
scrutiny Accidents with serious

impacts

Source: Heinrich, 1931

2.5 Deriving lessons learned vs. determining causality

Causality and lessons learning analysis are two separate activities along the continuum of accident
investigation and analysis. First, causal factors are identified and then the analyst will review the causes
and extract lessons learned. As indicated in Figure 4, there is an inherent logic in this sequence when
one considers that different contributing factors may be attributed to a similar underlying condition, e.g.,
the lack of a training program, failure to adhere to maintenance standards, etc. In many cases, there is
no one-to-one relationship between the causes identified and the lessons learned derived from them.
Sometimes, many causal factors point to one lessons learned and also, vice versa, one cause can generate
more than one lessons learned.

Analytical methods are often distinctive in terms of how they define causality and the conceptual
framework they use to link causes to the chain of events. In fact, sometimes investigators and analysts
themselves will apply more than one methodology to the same incident in order to obtain more insights
about the lessons that could be learned. For example, methods applying barrier analysis seek to identify
potential missing barriers between the victims (people or objects) and the harm, that is measures that
block from reaching them, or that mitigate its severity. In contrast, system analysis aims to describe the
outcome as dependent on prior events and their influence on a system, in particular, looking at the degree
to which the system becomes vulnerable to a breach when parts of the system behave in different ways.

¢. Many factors, including resources, awareness and risk tolerance, can influence whether a site has many or fewer
catastrophic and serious incidents in comparison to near misses and minor incidents.
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Figure 4. Incident investigation: Levels of analysis
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Each of these approaches can generate slightly different theories about what contributed to the incident
and its severity, and in turn, the causal theory will help to shape views on what are the lessons learned.

The findings of the Accident Analysis Benchmarking Exercise (AABE) (Allford and Wood, 2021) a project
conducted by the JRC from 2015 to 2018, provides insights on how a number of commonly used accident
investigation/analysis models approach causality. The participating teams evaluated each method used
against a number of different factors and also performed a Strengths-Weaknesses-Opportunities-Threats
(SWOT) analysis. The team evaluations from the JRC AABE project can be found in Annex 1 of this
document.

2.6 Deriving causality vs. finding blame

Identifying causality is also not about casting blame. Some investigations are inevitably targeted at finding
blame, especially criminal and compliance investigations. However, even objectively focused fact-finding
investigations will inevitably point towards certain actors that may have failed in their responsibilities or
that simply made mistakes, due to lack of information, contradictory information, or other motivation.
However, the fear of being punished is a great motivator for hiding the truth. The failure to uncover the
truth may risk future lives because without the truth, the learnings that should have been generated are
not identified.

Ideally, investigations for finding out what happened and learn from it should be separated from
investigations aimed to establish who was responsible. For this reason, it is accepted protocol that
accident reports shared for the purposes of lessons learning are devoid of any blame on specific
individuals for the incident. However, the no-fault rule does not necessarily exempt organizations from
being assigned blame to a certain extent, partly because organizations are already assumed to be at fault
if an accident happens and the blame is shared, that is, not exclusive to one person.
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2.7

Expertise needed to achieve lessons learning competence

Lessons learning analysis is a discipline. It requires certain competences and an aptitude for analysis
and logical thinking. Competence in lessons learned analysis is essential to both industry and
government, though in different ways and for different purposes. Auditors and inspectors also need to
know what constitutes a useful accident report and good lessons learned practice. There should also be
competence in lessons learning available to help management and authorities use accident information
to change their risk management practices, and requirements.

In essence, the practice of lessons learning requires the following combination of skills and expertise:

Knowledge and experience in process safety. The analyst should have a firm understanding of
the foundational principles of process safety, a systematic approach to risk management,
whereby good design principles, engineering, and operating practices are judiciously applied to
ensure the integrity of all operations involved in handling and processing of hazardous
substances in order to prevent chemical accidents and mitigate their effects.

Multidisciplinary skillset. Process safety is not only a matter of engineering competence, but also
often involves knowledge of other disciplines, especially human factors, organizational factors,
specialist areas of chemistry and physics, e.g., thermodynamics, energetic substances, etc.
Expertise, per se, in all areas is not required. Rather, the analyst should have the ability to
navigate less familiar disciplines and acquire knowledge of them as necessary for the analysis at
hand.

Training and experience in deductive reasoning. Critical thinking is necessary for evaluating
evidence, the circumstances, and relevant knowledge in order to reach reasonable and useful
conclusions. Critical thinking is a skill that many disciplines practice regularly, especially since
it is often taught as part of mathematics and statistics, but also in the study of philosophy and the
law.

An open attitude and a commitment to objectivity. An ability to look at evidence from different
perspectives helps to foster creative thinking especially when there is complex causality.
Consciously refraining from making biased judgments is a necessary condition for critical
thinking.

Training in data analysis, if studying groups of incidents. If the aim is to study groups of incidents
for trend analysis from groups of incidents, then a minimum of basic training in data analysis, and
descriptive and inferential statistics is necessary. For many thematic analyses, descriptive
statistics are the only statistics that can be applied because of the size of the database and
heterogeneity of variables (contributing factors. However, inferential statistics knowledge can be
useful for data mining and when the incident database under study is sufficiently large and
homogeneous. In this respect, it is also helpful to understand inferential statistics enough to know
when not to use them.



Chapter 2 Summary

Lessons Learned Role in Risk Management - It identifies how safety boundaries—such as
operational procedures, equipment controls, and management practices—can be violated.
This ongoing process helps prevent repeating past mistakes, update risk management
frameworks, and adapt to technological and social changes.

Key Definitions - The text defines a chemical incident as an unplanned release of a hazardous
substance, distinguishing between accidents (events with significant consequences), near
misses (incidents with potential for harm that were mitigated), and potential accidents (unsafe
conditions halted before escalation). Severity scales, like the European Gravity Scale, further
classify the impact of these events.

Connection between Minor and Major Incidents - By illustrating the accident triangle, the
chapter emphasizes that minor incidents and near misses are directly linked to major
accidents. Tracking and analyzing all types of events, including potential incidents, is essential
for early vulnerability detection and proactive risk management.

Lessons learned vs. Causality and Blame - The process of deriving lessons learned is distinct
from identifying causality. While causal factors are first determined, the focus shifts to
extracting actionable insights to prevent future occurrences, rather than assigning blame.
This separation encourages a no-fault approach, fostering an environment where critical
learning is prioritized over punishment.

The Necessity of Having Lessons Learned Competence - Effective lessons learning requires
specialized expertise, including process safety knowledge, deductive reasoning, data analysis
skills, and an objective mindset. Maintaining and enhancing these competencies is crucial for
both industry and government, enabling the systematic study of incident patterns and driving
long-term improvements in safety practices.
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3 What can be learned from chemical accidents

This chapter explains that lessons learned are essential for identifying hidden vulnerabilities in chemical
accident risk management and for preventing future incidents by compensating for the limits of human
foresight. It details various methodologies—from root cause analysis and loop learning theories to
systems and nonlinear approaches—that enable the extraction of actionable safety insights from both
individual events and recurring incident patterns. By incorporating real-world examples and systemic
analysis models, the chapter demonstrates how understanding and addressing these lessons can drive
significant improvements in safety practices, regulatory oversight, and overall risk preparedness.

3.1 Potential for learning from chemical accidents

To a large extent, lessons learned exist as a discipline to awaken the human consciousness to those
hidden elements that work, alone or together, to keep the plant safe. Lessons learning compensates for
the inability of the human imagination to conceive everything that could go wrong, or to envision an event
caused by several things going wrong at once. In particular, many of the components that work towards
achieving safety are routine and taken for granted because they are passive, or at least, they require no
tangible effort when they are in place. Some examples include a pipe composed with the proper material
and structure for the job it is supposed to do. Or one can imagine the experienced employee who
instinctively knows how to recognize signs of equipment malfunction or process anomalies that need to
be addressed.

Hence, by itself, one individual incident may seem to be of little or no interest, if the technical causality is
easy to identify. However, a proficiency in looking beyond the immediate cause to understand why the
incident it happened can often yield important lessons learned. This section describes some of the main
ways that lessons learning can benefit chemical accident risk reduction.

3.1.1  New safety information and reinforcement of known principles

There is a wide range of information that can be obtained by studying individual chemical incidents or
groups of incidents. The information provided can be as simple as a correction to a piece of equipment, a
process or a practice. However, the analysis can also show weaknesses in more than one part of the
safety management system, as is typically illustrated using James Reason’s Swiss cheese model (see
Figure 5) or alternatively, the layers of protection analysis (LOPA) model (see Figure 6).

Table 2. Examples of types of the wide range of learning that are possible from chemical incidents

e Process design vulnerabilities e Impacts of a decline in business profit

e Equipment design vulnerabilities Substance margins
behavior and rates of degradation under e Good practice that prevented a worse
certain conditions incident Ageing infrastructure

e Weaknesses in the maintenance program e Errorin process operation

e Weaknesses in purchasing spare parts and e Failure in management of change
equipment e Poor safety culture

e Failure in inventory management « Unforeseen sequence of events

* Gaps in the hazard assessment process e New information on potential scenarios

e Failure in the risk evaluation process  New information on potential impacts

* Lack of resources e New information to improve emergency

response

Table 2 lists some examples of what can be learned from an incident. It is often the case that there are

several failures that contribute to a chemical incident occurrence. Hence, it is conceivable that all of the

items on the list could even be generated from one single event, especially if it has serious consequences.

What lessons learned are possible is partly, but not completely, dependent on decisions made in the
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investigation and investigation report. However, with some knowledge of the technology and safety
practices, a good lessons learned analyst may also identify more lessons learned than the investigation,
by using the technical knowledge in combination with common sense.

Figure 5. James Reason's Swiss Cheese Model Figure 6. Layer of Protection Analysis (LOPA)
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3.1.2 Identification of systemic weakness

Figure 7 contains the social-technical model proposed by Rasmussen (Rasmussen, 1997) for identifying
the potential actors that may have had some role in causing a technological incident. In applying this
construct to chemical accidents, it becomes evident that chemical incidents are not just relevant for the
site operators and their workers. Corporate leadership and even the industry sector may bear some
responsibility. There also may be findings that implicate contractors and suppliers, whose products or
services may have been involved in the incident.

Likewise, an incident may implicate a failure in regulation or oversight, or in the knowledge available to
the government that could have played a role in preventing the incident. There are often implications for
the emergency responders, but there can be even more far-reaching conclusions whose impact goes
beyond the environmental health and safety authorities, for example, affecting equipment regulations or
chemical classification and labelling.

There are a number of incident analysis methods, including Accimap, but also FRAM, STAMP, DISC, MTO,
the EsREDA Cube, and several others, that specifically aim at learning lessons about systemic
relationships from technological incidents. The JRC accident analysis benchmarking exercise (see Annex
1) applied many of these methods to explore the potential of these methodologies for chemical accident

analysis. A summary of the cases studied and methods used can be found in the project report (Allford
and Wood, 2021).7

7 The information is also reproduced within the chemical accident analysis section of the JRC Minerva website.
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Text Box 1. Examples of accidents with learnings involving systemic failure

Example of a disaster with lessons learning for government regulators

Tianjin, China, port warehouse explosion, 2015. The disastrous fire and explosion event in the port of
Tianjin, China, in 2015, is mainly attributed to lax safety procedures and a deliberate lack of government
oversight. The owners of the storage and distribution company at the source of the accident somehow
managed to persuade numerous authorities to look the other way in regard to permitting, inspections
and hazard control measures. The site began operations in 2014 handling and storing a variety of
dangerous substances many in volumes much higher than would be considered safe. According to
the official investigation report, there was neither evidence that recognized safety standards were
applied nor that workers had been trained for handling hazardous goods. In addition, to causing 165
deaths people and injury to nearly 800 people, 30,000 people in the surrounding community were
evacuated.

(State Council of China, 2016)

Example of a disaster with lessons learning for the organization - BP Texas City and BP Macondo

BP Texas City (USA, 2005). On March 23, 2005, a series of explosions occurred at the BP Texas City
refinery during the restarting of a hydrocarbon isomerization unit. Fifteen workers were killed and
180 others were injured.

Macondo Oil Drilling Platform (Gulf of Mexico, 2010) The Macondo disaster of April 20,2010, in the Gulf
of Mexico, stemmed from the loss of control of an oil well, resulting in a blowout and the uncontrolled
release of oil and gas (hydrocarbons) from the well. The accident resulted in the deaths of 11 workers
and caused a massive, ongoing oil spill into the Gulf of Mexico.

These two accidents were stupendous organizational failures with remarkably similar causality,
including:

e Multiple system operator malfunctions during a critical period in operations

e Not following required or accepted operations guidelines (“casual compliance”)

o Neglected maintenance

e Instrumentation that either did not work properly or whose data interpretation gave false
positives

e Inappropriate assessment and management of operations risks

e Multiple operations conducted at critical times with unanticipated interactions
¢ Inadequate communications between members of the operations groups

o lack of risk awareness

e Diversion of attention at critical times

e A culture with incentives that provided increases in productivity without commensurate
increases in protection

e Inappropriate cost and corner cutting
e Lack of appropriate selection and training of personnel, and m) improper management of
change.

(BP Refineries Independent Safety Review Panel, 2007 and U.S. Chemical Safety Boar, 2016)
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Figure 7. Socio-technical model of system operations
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Tianjin and BP Texas City, featured in Text Box 1, are two well-known incidents that in many ways were
caused by the failure to notice or address a number of parts of the system that were undermining safety.
These events also appeared to ignore lessons learned from long experience in managing risk in other
operations within the same company and industry. The factors contributing to these disasters have been
well documented and notably, many of these factors have also been contributors to many other past
disasters. In fact, the investigation report of the Tianjin port disaster indicated that the incident that
triggered the sequence of events had already occurred months before (but without significant impacts).
The operator failed to make any effort to learn from this initial incident, a decision that resulted in a failure
to prevent the loss of 165 lives.

3.1.3 Recognition of failure trends across similar incidents

It is true that a single chemical incident may have rich learning possibilities that could potentially help to
prevent a future accident. However, a lot more can often be gained from studying groups of incidents with
similar features, for example, involving the same type of site, the same process, the same substance, the
same type of equipment, the same type of job, etc. Thematic studies of groups of incidents can have even
deeper implications than the single incident study, potentially generating changes that improve safety
across industries and influence future government policy. One incident may indicate a site failure, but a
repeat of the same incident on many sites may indicate a systemic vulnerability associated with a process,
equipment, a practice, or even a particular industry.

Figure 8 shows a clear pattern involving the initiating event from a study of 85 incidents at hazardous
waste management facilities. The analysis found that nearly 38% of the incidents (32 out of 85) resulted
from a reaction in the waste processing operations. An additional 32% of the incidents (27 out of 85) began
with a reaction due to the presence of contaminants in the waste stream. From the study, there is a clear
lessons learned that the waste management industry should make improvements in pre-processing
waste identification.
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Figure 8. Results of a study of chemical incidents at waste management sites

Initiating events (N=85)
Mixing of incompatible wastefunforeseen reaction 32
Presence of unexpected waste during processing 27
Part/equipment failure 9
Inappropriate handling of waste
Ignition due to hot work
Short Circuit involving batteries

Tank overfilling due to procedural error

Not identified

Source: Koutelos and Wood, 2024

3.2 Learnings for targeted audiences

The lessons learned potential from chemical incident analysis also depends on the nature of the learning
and how much the lesson learned explores underlying causality. Some incidents have lessons only for
the immediate operation, and other incidents have much broader lessons, e.g., for the company at large,
standards organizations, regulators, etc. Moreover, as indicated in Chapter 4, the depth and focus of
findings from incident investigation determine the extent to which learnings are available. Studies for
patterns from groups of incidents may have an even wider range of learnings because the collective
findings from all the incidents may have many dimensions.

Table 3 contains a list of potential actors who might benefit from lessons learned studies with potential
learnings for these actors indicated as follows:

o The “All cases” column refers to what one can learn from any individual incident case.

o The “Thematic studies” column refers to what might be additionally obtained by studying groups
of incident cases that can give information on a particular theme (e.g., corrosion in refineries,
management of contractors, incidents involving ammonium nitrate, etc.).

Thinking about these possible beneficiaries, and their roles in risk management, may serve to stimulate
the analyst, to identify additional lessons learned opportunities. This kind of list of potential outputs from
incident analysis can guide the analyst, in considering the depth and breadth of the lessons learned that
can be considered for any one incident or incident trend study.

The table includes a long list of industrial and commercial and other sectors, such as health care, that use
hazardous substances and that could also learn from certain incidents, for example, about dangers
associated with improper chemical storage and on training and response to a chemical incident. They
need to be kept informed about lessons that pertain to the safe handling substances so that they too
implement the relevant practices for preventing accidents and mitigating consequences.

3.3 Analytical frameworks for learning

The investigator, and by extension, the analyst can produce much richer results by having different
frameworks for reviewing and presenting information already in mind at the start of the activity. As
indicated in Text Box 2, different phases of the investigation and analysis may require more than one
methodology. This section provides a brief overview of typical approaches to lessons learning, some of
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Table 3. How chemical incident lessons learned can benefit various actors within the risk management system (p. 1)

Operator and site
managers

(Plant manager, business
manager, safety manager,
etc.)

Employees

(Site and company staff,
contract staff, unions)

Company leadership

(Corporate management,
owners or shareholders)

Emergency responders

(On site responders, local
police and fire fighters)

Suppliers

(e.g., equipment,
substance, software,
infrastructure, etc.)

Identification of vulnerabilities in infrastructure, systems
and processes before they cause a serious chemical
incident

Essential source of information for hazard identification and
risk assessment
Development of reference accident scenarios

Confirmation of good risk management decisions that
prevented or reduced impacts

Identification of bad practices to avoid and good practices to
follow for specific jobs

Insight into vulnerabilities in the safety management
system of a specific site, business unit, or the entire
organization that requires management attention.

Insight into good practices that helped prevent or reduce
impacts and that could be applied site/company-wide
Identification to reinforce good practice with dissemination
of lessons learned

Development of reference accident scenarios

Confirmation of good emergency planning and response
decisions that prevented or reduced impacts

Identification of elements of the authority’s emergency
response that may require heightened attention or
improvement

Identification of improvements needed in the product, or in
associated handling procedures, documentation, training,,
maintenance, etc., as relevant
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Identification of systemic vulnerabilities across
similar types of substances, equipment, processes,
and practices, and development of new
recommended practices

Source of information for design and construction
of equipment and processes

Inputs to probabilistic risk assessment

Insight on how to set priorities for allocation of
resources, e.g., for maintenance, training, hiring,
etc.

Improved ability to recognize safe and unsafe
situations

Knowledge for responding safely to unsafe
situations

Foresight on potential risk exposure associated
with current and future businesses

Opportunities to reduce risk exposure in current
and future businesses

Identification of systemic vulnerabilities in
emergency planning and response across similar
types of substances, equipment, processes, and
development of new recommended practices

Opportunities for innovation to reduce incidents
involving equipment



Table 3. How chemical incident lessons learned can benefit various actors within the risk management system (p. 2)

Industry sector and their
insurers

Inspection, licensing and
land-use planning
authorities

Government
policymakers
(Environment, labor, civil
protection,
transportation, chemical
classification and
labelling, etc.)

All hazardous industries

Society

Identification of vulnerabilities in processes and practices
that could be reduced with a common industry approach

Opportunity to reinforce good practice with dissemination
of lessons learned

Potential addition to or modification of widely used
industry reference scenarios

Identification of vulnerabilities, and associated
improvements that may be needed, relating to site risk
management

Identification of elements that may require heightened
attention across all similar sites

Insight into vulnerabilities in the regulatory framework, or
on products and substances, that may require re-
evaluation

Evidence that policy decisions that may have influenced a
positive incident outcome

Identification of weaknesses in the implementation of
obligations of the authorities

Identification of vulnerabilities that may apply to all
hazardous industries and require heightened attention

Opportunity to reinforce good practice on relevant
practices with dissemination of lessons learned

Insight on the reliability of the site’s risk management
approach

Contribution to decisions about the future of the site and
development around the site

Opportunity to engage with the site on a risk reduction
strategy
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Foresight on potential risk exposure associated with
changing market dynamics and new technologies

Promotion of strategic approaches to reduce
systemic risks associated with specific processes,
equipment and practices

Identification of systemic vulnerabilities across
similar types of substances, equipment, processes,
and practices to improve performance expectations,
practices and checklists

Development of new requirements and criteria for
certain types of sites

Foresight on potential risk exposure associated with
emerging developments in technology, the economy
and society that may require modifications in policy

Identification of potential systemic vulnerabilities that
may merit government attention

Foresight on potential risk exposure associated with
changing market dynamics and new technologies
common to a wide range of hazardous industries and
processes

Promotion of strategic approaches to reduce
systemic risks associated with practices common to
a wide range of industries

Foresight on the safety risks associated with various
industry sectors

Priorities and recommendations for engaging in
dialogue with government and industry on industrial
risk in the community



which are derived from typical approaches to causality. The scientific literature on lessons learned
provides a far richer and more varied description of the various theories than this hand book. For those
interested in exploring the topic further, some useful references are listed in Annex 2.

Most of the existing literature on accident analysis is targeted at the investigator. As such, it is important
to remember in using the material provided here that the level of detail available on the incident
determines the depth and breadth of lessons learning. In many reports, there is limited detail on
secondary causality. However, understanding the framing of causality may help to extract additional
lessons learned from an incident even when details are limited, and even more so, if one finds a pattern
of causality across similar incidents.

Text Box 2. Using different accident analysis methods for different analytical purposes

Different methodologies can play different roles in the overall accident analysis

It is often useful to use different theories in combination to disassemble the incident information for
analysis. The JRC’s Accident Analysis Benchmarking Project considered that analyses often follow a
logical progression, starting with:

e understanding the chain of events (chronology)

e followed by a determination of the direct causes (events that produced immediate effects in
the chain of events)

e underlying causes (adverse Or undesirable conditions that facilitated the direct causes)

The project then decided to break down the analyses into three explicit phases and use appropriate
methods for each phase as indicated below.

Phase 1: Chronology e.g. Step/ECFA
Phase 2: Causal e.g. Bow Tie, Change Analysis
Phase 3: Underlying causation e.g. AcciMap, MTO, STAMP

Not all analytical methods fit neatly into the above phases. For example, Tripod Beta also aims to
generate underlying causes, however, it does not go as far as Accimap or STAMP to generate
organizational or systems causality. Rather, these methods can be viewed as existing somewhere
on a continuum, with a very simple chronological analysis models on one end and the most complex
systems analysis models on the other end.

3.3.1 Root cause analysis as a basis for lessons learning

Root cause analysis theories classify causal factors according to their place in a hierarchy of causality
that includes immediate causes and a root cause. This approach is adopted by some well-known
methodologies, such as, Tripod Beta and Event and Causal Factor Analysis (ECFA). Barrier analysis (e.g.,
as in the MTO method) is a type of root cause analysis that borrows the nomenclature of James Reason’s
Swiss cheese theory, in which the underlying causation is considered a number of as failed barriers.

Root cause analysis assumes that the immediate cause is a symptom of a deeper causality, that is, a root
cause. Some methodologies for causal identification may only use two layers of causality (e.g., primary
and secondary events), but for lessons learning, in many cases, a three-part hierarchy is often useful.
This approach starts with the immediate cause, for example, the pipe broke, and proceeds to identify an
underlying cause (defect in the maintenance program), and a root cause (the maintenance program is
out-of-date). There may be cases where the underlying cause is not a symptom of a third level of
causality.

Root cause analysis models are useful for working back from a sequence of events to understand what
happened and assign the immediate causes for each event in the incident sequence. An understanding of
direct cause and effect is a necessary step before conducting deeper analysis on underlying causes and
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interdependencies within different parts of a system that may have contributed to the incident occurrence
and the range of severity its consequences.

Figure 9. Single-, double- and triple-loop learning

As learning advances from single to double to triple-
loop learning, the opportunity for learning is greatly

expanded.
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3.3.2 Single, double and triple loop learning

The “loop” theory, first described by Argyris (Argyris, 1977) is centered on the processing of the information
learned. According to this theory, there are different levels of processing, such that “single-loop” learning
occurs when only a specific situation or process is addressed, for example, the broken pipe. So-called
“double-loop” learning is achieved when the learning is applied more generally to improve the values,
assumptions, and policies that allowed certain actions to occur. In reducing chemical accident risk,
double-loop learning should lead an organization to review how its management systems and philosophy
should be changed to prevent future failures. The concept of triple-loop learning was later devised to
build on the idea of learnings aimed at the organization. According to this theory, triple-loop learning is
achieved when there is an awareness of a deeper purpose that can influence the strategic thinking of an
organization, stimulating adaptation of structural elements to foster continuous improvement. Figure 9
depicts elements typically involved in each of the different loops.

One way the triple loop learning is applied in chemical accident analysis is to identify the technical failure,

and the remedial action that ensures, as the single loop learning. (“Welding activity caused a fire. Any

residual substance should be purged completely before the welding starts.”) The double loop becomes a

learning for the safety management system on the basis of the failure that created the circumstances that
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made it likely that the pipe would break. (“Personnel should be trained to purge tanks properly.”) A triple
loop usually is a reflection on the culture or structure surrounding the work and may have organizational
implications. (“Management assumes purging is an easy and simple task that doesn't require a lot of
training and staff responsible for purging are unaware of the need to check that the purging was
complete.”)

The organizational learning envisioned by the triple loop theory is generally the most difficult to achieve
and, as a result, less common. One barrier to organizational learning is that incident investigations
conducted by the site operator will typically not focus on the organizational failures. The organization is
not particularly motivated to criticize itself.

However, a major accident often does stimulate internal reflection within companies about organizational
factors that may have contributed to the event. Third parties, such as independent investigations and
safety boards, also sometimes target when efforts to identify triple loop causality are sincere. Yet still it
can be a challenge to identify the organizational vulnerabilities that may have contributed to the event,
despite good intentions. Organizations are dynamic systems, and identifying the points in the system
where something went wrong is often not easy to trace in a precise way. The specific facts leading to
critical decisions may often be elusive with different actors remembering what happened slightly
differently. Moreover, few near misses or potential incidents identify organizational failures, so that there
may not be a lot of evidence available in the record, beyond the main event, for drawing conclusions.

Moreover, even when organizations do find important learnings, they may not have the structure in place
to remember them for long. The culture, the politics, economic pressures and other influences on
organizations may work against retaining the memory of what went wrong. In particular, if a company
has not already been cultivating a safety-focused culture before a disastrous event, it may not have an
infrastructure that will allow the learnings to become a permanent part of its way of working. Moreover,
completing a program to incorporate the learnings requires commitment over the long term, that is, often
undermined with the re-organizations and changes in leadership, that occur regularly in many
corporations. (Cowley, 2020)

3.3.3 People, plant, process approach

Analysts can also use the People, Plant, Process approach for lessons learning (the “Three Ps"), derived
from a philosophy of risk control that centers on maintaining the integrity of the three essential
components of an industrial activity, that is, People, Plants and Processes. This perspective is used as a
model for establishing safety management systems, in which each element and sub-element of the safety
management system, so that practices and procedures, the work flow, the knowledge base and knowledge
management, information acquisition and exchange all line up to sustain system integrity. There are
elements of the 3Ps in some investigation and analysis methodologies, particularly in root cause analyses,
in which failures or barriers are described in terms of “targets” that are acted upon by “agents”. People,
plant and process elements can all be either targets or agents, and sometimes the target of one action in
a sequence of events becomes the agent of another.

This method of identifying lessons learned is intended to identify failure in terms of the interaction
between one part of the operation and another. It also is useful for highlighting sequential causality, that
each action entails a reaction that may entail another reaction, etc. By using this approach, the lesson
learned analyst can also be inclusive of all components whose vulnerability may have contributed to the
accident. By explicitly considering each P, the analyst avoids the trap of focusing only on the vulnerability
of one element, e.g., the equipment or a human error.

3.3.4 Nonlinear analysis, complex causality and systemic risk

Charles Perrow famously brought forward the idea of complex causality in his ground-breaking book,
Normal Accidents: Living with High Risk Technologies. (Perrow, 1984) Most recently, researchers such as
Leveson, Hollnagel, and Dekker (but also many others) have developed models that explain safety, as a
collective output derived from the effective functioning of many parts of the organization. Similarly,
Rasmussen conceptualized accidents as a result of interactions within the sociotechnical system that
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includes actors outside the organization, such as local government, regulatory bodies and trade unions.
These models are important in that they can guide hazardous operators towards identifying systemic
weaknesses and create narratives that support ongoing double- and triple-loop learning. Figure 10 shows
how various parts of the sociotechnical system can influence risk management in different phases of the
life cycle of a hazardous activity.

Figure 10. Influences on risk management across the life cycle of a hazardous activity
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New insights into lessons learned can arise from by viewing accidents as being caused by a system rather
than a linear sequence of events. Thinking in this way helps to give weight to certain types of failures
than others that supports establishing priorities in the risk strategy. Systems approaches can also
identify how safe operation is dependent on the role of supporting structures in reinforcing strengths and
filtering out weaknesses.

There are a number of causal concepts useful to lessons learning that emerge from this perspective. One
of the most well-known is common-mode failure, Common mode failure refers to anything in the
operating environment that provides a function or service to support multiple safety-related functions.
As noted by Perrow, most systems have at least one common mode failure, for example, the external
environment and extreme weather potential. In reality many ind