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Abstract

This study uses text mining as a method of examining the role of management and culture in three disasters in
the nuclear energy sector, Three Mile Island nuclear reactor explosion (USA 1979), Chernobyl nuclear plant
explosion (Ukraine then USSR 1986) and the Fukushima Daiichi nuclear disaster (Japan 2011). The findings
identify the role of management in shaping the quality of the crisis and disaster mitigation and preparedness
management process employed by organisations. The implications of the findings are that it is imperative for
organisations to develop and employ effective crisis/disaster management practice.
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1.0 Introduction

The nuclear power sector is one that has been
surrounded by controversy primarily because of the
ongoing disasters that have occurred such as the
Three Mile Island nuclear reactor explosion (USA
1979), Chernobyl nuclear plant explosion (Ukraine
then USSR 1986) and the Fukushima Daiichi
nuclear disaster (Japan 2011). However, the
nuclear power sector in some circles is viewed as a
viable alternative to the coal and gas power due to
the climate change issues and their carbon outputs
concerns. The importance of Engineering Asset
Management Organisations (EAMO) or Critical
infrastructure Organisations (C10) including power
generation stations, dams, water treatment plants,
rail, or hospitals to our society cannot be
understated. This is because CIOs deliver essential
services require that allow communities to
function. In countries like Japan, the nuclear power
sector delivers energy for the Japanese to survive —
hence, effective management is required. As a
result the general public are demanding better
management of CIOs.

Engineering Asset Management Organisations can
be defined as those organisations that are
concerned with “the total management of physical,

as opposed to financial, assets”. * ™ 2 Within

these organisations employees are imperative
because they play a key role in crisis and disaster
mitigation and prevention and they are responsible
for the maintenance, service, repair and general
management of assets (both public and private).
The issue is that effective management of
employees plays an important role in the
prevention, mitigation, (pre phases of the crisis and
disaster cycle) during and post (before-during-
after?) crisis/disaster events and very little research
has taken place about this issue. . This paper
examines official enquiry reports of three disaster
events in the nuclear energy sector along with
related academic literature. The findings inform
the academic literature and practice on the role that
managers played within a nuclear disaster situation
and has implications for informing the body of
knowledge about developing better  pre-
crisis/disaster management activities.

2.0 Crisis/disasters and the Role of

Management

While risk and uncertainty are part of the everyday
operating environment for all organisations it has
been asserted that human induced crisis has the
potential to rival natural disasters both in landscape
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and magnitude and will continue to do so into the
future unless further research is conducted into the
role of the human factor.>®> Moreover, it has been
suggested that the best way to manage
crises/disasters is to understand the role of
management issues in both crisis prevention and
post-crisis management.®® Organisations need
evidence based information about how to avert
potential crisis/disaster situations. Traditionally
general business researchers on crisis/disaster
management have focused on problems of growth
and financial performance, but have paid little
attention to the effect of crises/disasters events and
the role of management prior to, during and post
disaster situations despite both natural and human
catastrophes occurring over time.* ° Pang and Yeo
%P 583 frther stated that “By most accounts, crisis
preparedness in organizations globally has been
appalling”. Similarly Faulkner ™ asserted that
despite the potentially devastating effect of man-
made and natural disasters, organisations in general
have not properly developed disaster strategies as
an integral part of their business plans. Other
authors have suggested that this is predominantly
true, as major crises/disaster situations have been
contributed to human errors along with
unresponsive culture, bad planning, dishonest
behaviour, material failure, the lack of good
training and development and management
failures.5 1214

According to the previously published data, the
energy sector has been recognised as one of the
main contributors to man-made disasters since the
1970’s.>*® In their review of accidents in this
sector, Sovacool " said that there has been 279
major energy accidents in the coal, oil, natural gas,
hydroelectric, renewable, and nuclear sectors
resulting in approximately 200,000 deaths and $41
billion in damages from 1907 to 2007. These
statistics did not take into consideration the
Fukushima Daiichi nuclear disaster (Japan 2011) or
other social and economic impacts in those
countries that have experienced a crisis or disaster
event. These authors further highlighted that there
was a combination of technical complexity, speed,
tight coupling with substantial human fallibility
contributing to the unexpected failure of large-scale
energy assets. Therefore, the overall understanding
of the role of management within this context of
EAMO or CIO is limited and calls for further
research have been made. * % In general Nuclear
energy and other asset accidents are an important
concern  for  analysts, policymakers and
governments. Although, there is a well-established
literature on analysing energy accidents, more
research is needed in the area of human factors in
organisations, which will inform policymakers so
that society's safety is guaranteed.”***

Recent research identifies evidence linking that the
management at all levels is critical in
communicating and maintaining an organisation’s
purpose, values, vision and performance, which is
important in achieving safety outcomes.®*! It is
further argued that good management can curtail or
assist in avoiding a crises/disaster situation to some
degree, by incorporating strategies for coping with
the unexpected event over which the organisation
has little control.™™ However, a review of the
EAMO literature finds that there has been little
attention or research about the impact of the human
element in EAMO." * * Moreover, there has been
very limited research into the role management
plays in crisis/disaster management activities® * as
research in EAMO has been traditionally focused
on the management of physical assets or
hardware.*

3.0 Organisational culture

Organisational culture can be defined as “a system
of shared beliefs and values that guides behaviour.”
Similarly Wood et. al % ™ * and Hofstede * P 2%
defined organisational culture as the “collective
programming of the mind” where a safety culture
of an organisation is “... its set of beliefs, norms
and practices relevant to the organization and the
safety of its operations. Human error along with an
unresponsive culture, bad planning, dishonest
behaviour, material failure, the lack of good
training and development and management failures
are all factor affecting safety outcomes. It is
management’s role to ensure that employees
received adequate training so that human errors are
reduced.® 2% * For these reasons it is important
that employees are supported by a strong and
competent management team that understands the
value of building a competent employee based.*’
Management practices in an organisation have been
identified as the “strongest influences on the
cultural norms of employees” because it affects
employee’s expectation and responsibilities about
the role of training and innovative behaviour in the
workplace”.*® P-** Moreover, management practices
have been linked to the existence of a strong safety
culture.®® Despite the acknowledgement that
organisational culture and safety culture are
important there is limited consensus about the
definition of organisational culture, and its
classification.®> However, the general consensus
seems that organisational culture consists of shared
values, practices and beliefs amongst actors within
side an organisation.?> 404

Organisational culture and safety culture are
important because it can have a great effect on the
safety practices, and employee attitudes toward |,
innovative behaviour, products and processes,
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product and service quality and the overall
performance of an organisation.® “* *2 Strong
cultures have a higher chance of implementing
organisational policies and objectives, especially
safety goals,"” ** all of which are important for
strengthening employee ties to one another,
improving commitment as a collective, developing
employee  understanding  of  organisational
requirements, all of which can increase
organisational  performance.**  Perhaps  most
importantly ~ organisations  with a  strong
organisational and safety culture have a better
chance of mitigating crisis/disaster events

While a robust discussion exists in the general
academic literature there appears very limited
research into the role of management on forming a
strong organizational culture and safety culture
within EAMO. For example research by El-Baz
and El-Sayegh®® in the United Arab Emirates found
that the understanding and recognition of the
importance of organisational culture was very
limited within their participants. Similarly
Zuashkiani et al.?°, who were the first to develop an
effective capability framework for EAMO,
identified that traditionally there has been a culture
of reactive maintenance, and a dominate culture of
“fire-fighting”  within  EAMO along  with
inconsistent direction from the management about
the job priorities have led to poor safety outcomes
for the organisation. However, very little research
has examined of the role of management and
organisational culture in EAMO except for authors
such as Brunetto and Xerri®? and Lloyd.*

4.0 Methods and Document Selection

For this research, a review of documents of three
(N = 3) major crisis/disaster events in the nuclear
power generation sector was conducted; Three Mile
Island nuclear reactor explosion (USA, 1979),
Chernobyl nuclear plant explosion (Ukraine then
the USSR, 1986), and the Fukushima Daiichi
nuclear disaster (Japan, 2011). The first case under
investigation occurred on March 28, 1979 at the
Three Mile Island nuclear reactor in Pennsylvania.
This disaster caused zero deaths however, due to a
faulty valve and the stopping of the primary feed-
water pumps at TMI Unit 2; containing 36,816 fuel
rods,* this prevented the large steam generators at
the reactor site from removing necessary exhaust
heat. The flow on effect was the steam turbines
and reactor automatically shutting down where
there was an escape of contaminated coolant water
out of the open faulty valve, this caused the core of
the reactor to overheat resulting in the partial core
meltdown of the nuclear reactor.”**® The Three
Mile Island nuclear disaster resulted in excess of
$2.4 billion in property damages®’ and major social
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impact to the local and wider community as public
fear and distrust increased and there was a backlash
towards the nuclear industry more widely. *®

Perhaps the most well-known nuclear disaster in
global history is the Chernobyl nuclear plant
explosion. On April 25th 1986 Chernobyl nuclear
plant exploded killing at least 4100 people and
damaging almost $7 billion of property. The
disaster resulted in evacuation of thousands of
people from nearby towns and the deployment of a
toxic cloud that made its way over Europe.”* The
final disaster under investigation was Fukushima
Daiichi Nuclear Power Plant. On March 11, 2011,
the Great East Japan Earthquake triggered a
tsunami where it caused flooding of a pit housing
an emergency diesel generator. This flooding
destroyed the emergency diesel generators and
resulted in coolant not reaching the reactor as a
result an extremely severe explosion occurred,
resulting in an estimated 200,000 people been
evacuated in a 20km radius of the plant.>

The authors identified a large and varied body of
literature that discussed these three disasters. The
literature ranged from the grey literature such as;
blogs, webpages, social media, newspaper articles,
industry magazines and so on, through to the
academic literature and official reports into the
disaster itself. For the purpose of this paper two
literature sets were chosen, the first set was the
original official enquiries reports into the three
nuclear disasters ( N=5), and to the second set was
academic peered reviewed Journal articles from the
management perspective. After the two literature
sets were chosen, subsequent cross checking using
a manual screening technique to determine the
relevance of the documents was conducted. Overall
174 academic peered reviewed documents
identified and reviewed. From this set 95
documents were found to be relevant and were
included (N = 95) in the analysis.

The peered reviewed Journal articles were sourced
from various databases including but not limited to:

Business Source Premier
Emerald

Factiva

ProQuest

ScienceDirect

Web of Science - all databases
Ulrichsweb

After the filtering of the relevant documents a data
analysis was conducted by utilising Leximancer
software. Leximancer is an assisted qualitative data
analysis software package that uses proximity
values for text mining and artificial learning to
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automatically identify and map themes and
concepts from qualitative data, such as interviews,
open-ended surveys, transcriptions of focus groups,
or other text-based data.”* The Leximancer manual
52 indicates that, Leximancer conducts its analysis
in three stages: First stage is concerned with
identifying frequently occurring concepts that are
weighted term classifiers. These are developed
through an interactive process in which Leximancer
applies Bayesian philosophies. According to Smith
and Humphreys® Bayesian decision theory, takes
into consideration how often two words co-occur as
well as how frequently they occur together, but also
how often they occur apart; this is similar to a log
odds, or two-way contingency statistics. Smith and
Humphreys further suggest that this metric gives a
tighter binding of relevant terms to concepts that
are suitable for extracting discriminating attributes
of entities or concepts. The use of Bayesian theory
has been utilised previously by Marrone, Nardone
% for evaluating the vulnerabilities of critical
infrastructure assets.

In the second stage, Leximancer utilises Bayesian
approach to analyses the word frequency and
concepts’ co-occurrence where data to identify
families of terms that tend to be used together in
the text>* This results in an asymmetric co-
occurrence matrix.®® In the final stage of the
analysis, Leximancer Analysis derives themes by
allocating concepts around a highly connected
concept in respectively area. The Leximancer
manual further specifies that the more themes
overlap, the more interconnectedness there is.”
Leximancer analysis software package program has
been used by a broad range of fields where number
of rigorous studies from a broad range of fields
including: humanities, social sciences and
medical/health sciences have validated Leximancer
by comparing stability, reproducibility, and
correlative and functional tests.” ** >

For the purpose of this examination, Thematic and
concept maps were created for both the official
reports and the academic literature pertaining to the
nuclear disaster event. These maps provided
additional details on the conceptual nature of the
role of management in these disasters. In the
process of analysis, the authors merged most
singular and plural words along with words that
had the same meaning. For example, the words
“asset” and “assets”, “skill” and “skills”,
“employees” and “employee” were merged because
they were closely connected and located in the
semantic space. The author also removed general
terms such as: “including”, “use”, “including”,
“needs”, “example”,  “million”  “provides”,
“existing”, “appropriate” that did not provide
meaning to the concept maps. The analysis output
(Theme 50%, Concept 100%) was used to visualize

all the thematic maps for consistency. This is in
line with the process outlined in Leximancer
manual and other previous published works.®* 5%

5.0 Results and discussion

This paper examines the key role played by
management prior to during and after the three
nuclear disaster identified. The findings identify
four different theme categories. The categories are
based on the connectivity value (%). These
categories are: most important theme (75%-100%),
important  theme  (50%-74%),  moderately
important theme (25%-49%), and the less
important theme (1%-24%). Findings from the
qualitative analysis for the two different literature
sets into the disasters are outlined as follows.

51 Nuclear Disaster Official Reports

Figure 1 presents the themes and concepts for the
nuclear disaster official reports. The most
important theme accidents (100%), which is closely
related to concepts such as “accident”, “nuclear”,
“safety”, “plant”, “power” and “government”. The
moderately important theme to emerge was
“management” (50%) (Not in line with your
defined ranges- most important theme (75%-
100%), important theme (50%-74%), moderately
important theme (25%-49%), and the less
important theme (1%—-24%) where there were close
links to  “disaster”,  “systems”,  “report”,
“investigations” and finally “processes”. The next
moderate theme with inside the official report was
employee ( 37%) where close links to “operating”,
“results”, “design”, “analysis” and “result” was
displayed. The lesser important themes identified
were radiation issues (25%), regulator (23%), and
safety (20%). One interpretation is that t combined
impact of management, employees focused on
safety are the emerging themes overlapping with of
the theme of accidents.

Overall the analysis of the official reports into the
nuclear sector crisis and disaster events finds that
the role of management was a moderately
important theme as the major theme was on the
“accidents” itself %) (ensure in line with your
defined ranges- most important theme (75%-
100%), important theme (50%-74%), moderately
important theme (25%-49%), and the less
important theme (1%-24%). However,
management had close links to systems and to the
disasters itself as there was a direct pathway
between these concepts.
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Figure 1: Thematic and Conceptual Map on Nuclear Disaster Official Reports (source 46-50)

According to Leximancer themes, management had
a direct impact on the number and impact of
disasters and other safety outcomes. Further, the
enforcement of safety rules and monitoring and
enforcement of the management role in relation to
monitoring and enforcement was not sufficient. It
was highlighted in the reports that the disasters
were caused by a combination of personnel error,
design deficiencies, and component failures. The
recommendation of the reports for organisations
and regulatory bodies is to improve their training
and development is the first step to building a more
safety-conscious organizational culture. While
safety was identified, the issues of organisational
culture did not arise as a theme on its own or as a
issue then examining the analysis of nuclear
disaster official reports however, further review of
these reports find that organisational culture and
safety culture issues are important to ensure safety
outcomes.

The official report by The President’s Commission
on the Accident at Three Mile Island nuclear plant
found that “The accident at Three Mile Island
(TMI) occurred as a result of a series of human,
institutional, and mechanical failures.”*® ™ # The
report went onto say that both management and
engineering personnel also had difficulty in
analyzing events. It seems that the managers were
unprepared for the significant amount of hydrogen
generated during the accident and despite
supervisory personnel taking charge there was “...
significant delays occurred before core damage was
fully recognized, and stable cooling of the core was
achieved.” “® P 2 Further analysis of this report
found that there was no reference to organisational
culture, safety culture, safety climate. Similarly, a
report in 2012 by the U.S. Nuclear Regulatory
Commission® into the Three Mile Island nuclear
disaster identified 12 major changes which have
occurred since the accident. Whilst discussing
things like plant safety, revamping operator
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training and staffing requirements, improved
instrumentation and controls for operating the plant
there was once again no mention of culture issues
but then again, it could be argued that they both did
infer or present some limited discussion about the
role of a competent safety culture in ensuring safety
outcomes for the organization.

Further examination into the International Atomic
Energy Agency in 1992 report into the Chernobyl
reactor explosion finds that they concluded that
there the culture was poorly prepared and trained
to respond to the accident. The disaster was

improved operator training; and the importance of
the man-machine interface.”* P® This could
indicate that the report somewhat acknowledged)
the importance of management in developing a
competent culture of safety Despite these ongoing
disasters it appears that the lessons about the
importance of management issues identified from
Three Mile Island and Chernobyl disasters appears
to have been overlooked by management of Tepco,
the operation of the Fukushima Nuclear power
plant. Whilst the official report of The Fukushima
Nuclear Accident by Independent Investigation
Commission acknowledged that the tsunami played
a role in the destruction of the diesel generators
responsible for supplying cooling water to the
reactor, it was in fact a man-made disaster as the
report highlighted major management failures.

They further found that there was collusion
between the government, the regulators and Tokyo
Electric Power Company, and the lack of
governance by said parties.*® The commission
stated that “We believe that the root causes were
the organizational and regulatory systems that
supported faulty rationales for decisions and
actions, rather than issues relating to the
competency of any specific individual.”> "¢ While
further finding that “the company was found to be
lacking the self-governance competence to set
adequate measures for the prevention of accidents,
and the culture to make concerted efforts to
improve nuclear safety from the people’s point of
view.”* P organisational culture was only
referred on four occasions and safety culture only
four as well. The issues of management in the
report was mainly focused on crisis management

attributed to engineers conducting a safety
experiment and not following correct procedures
and not adhering to various policies.*” *® The report
further found that the accident was accompanied by
major communications problems, inappropriate
policies and procedures that led to conflicting
information. The report further went onto say that
“The accident at Chernobyl demonstrated that the
lessons from the Three Mile Island accident had not
been acted upon in the USSR: in particular, the
importance of systematic evaluation of operating
experience; the need to strengthen the on-site
technical and management capability, including

and not on managing the employee for mitigation
and or prevention efforts, in fact mitigation
management practices or efforts was not mention at
all, and risk management was mention once.

5.2 Nuclear Disaster Academic literature

The analysis of the literature data set for the
academic literature on the three nuclear disasters
identifies a number of themes and concepts, as
shown in Figure 2. The most important theme is
management (100%) where the concepts of
“management”,  “systems”,  “operation”, and
“employee” were the top four concepts.
Organisation (50%) was the next major theme to
emerge and were there were four concepts
“organisation”, “crisis”, “possible” (risk of crisis
developing), and “research”. Moderately important
theme were industry (44%) and information (28%)
with results (8%), government (7 %) been the
lesser important themes.

The analysis of the literature data set for the
academic literature on the three nuclear disasters
identifies a number of themes and concepts, as
shown in Figure 2. The most important theme is
management (100%) where the concepts of
“management”,  “systems”,  “operation”, and
“employee” were the top four concepts.
Organisation (50%) was the next major theme to
emerge and were there were four concepts
“organisation”, “crisis”, “possible” (risk of crisis
developing), and “research”. Moderately important
theme were industry (44%) and information (28%)
with results (8%), government (7 %) been the
lesser important themes.
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Figure 2: Thematic and Conceptual Map Analysis from Nuclear Disaster Academic literature N=95

Unlike the official reports into the nuclear disasters,
“management” was the major theme for the
academic literature where management had
proximity and overlap with three other themes
namely organisation, information, and industry.
Despite the overlap, there appears to be a gap in the
literature about the role of management in shaping
an effective organisational culture. According to
the analysis, management has a direct role in the
organisational and crisis post disaster event and not
on the pre phases of the crisis and disaster cycle
moreover. This is not possible. There can be no
“post” unless there is a “pre”, hence there is a role
of management in ensuring crisis management
from the development to the implementation phase.
new information is required about the efficiency of
new policies, processes and procedures for
ensuring safety outcomes. It was further
highlighted that management was responsible for
the development of reporting systems for the
organisation to regulatory bodies about crisis
management — especially in relation to systems
operations and e risk management of the accidents .

While the analysis of the academic literature did
not identify organisation and safety cultural issues
it should be noted that a number of authors have
suggested that these are very important factors in
managing or preventing a disaster. Hollnagel and
Fujita®® in their investigation into the Fukushima
nuclear disaster identified from a resilience
engineering perspective that organisational culture
was important — especially The Institute of Nuclear
Power Operations® developed a dedicated
document on the importance of strong nuclear
safety culture where they viewed safety culture is
an essential attributes of a healthy safe nuclear
facility. Overall the academic literature into
Nuclear Disaster appears to investigate the role of
management inside and across the disaster situation
compared to that of official enquiries or reports;
however, there is a clear theme about the role of
management and the need to engage employees so
as to form a competent organisational and safety
culture, and mitigation management approaches.
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Table 1. Comparison of top 7 key concepts of crisis-disaster derived from Leximancer analysis

Concepts

Nuclear Disaster Official
Reports

Nuclear Disaster Academic
Literature

Management

Safety

Crisis/disaster/accident

System/process/reports

Organisation/Company

Human error

Employees/people/personnel

®,
£X3

5.3 Comparing the Academic literature
and the official reports

The Leximancer manual®® indicates that the more
themes overlap, the more interconnectedness there
is. In this regard, the themes emerging from the
Nuclear Disaster ~ Academic literature are
Management, safety, System/process/reports and,
Crisis/disaster/accident (see table 1). Human error
was not identified as a major theme by the Nuclear
Disaster Official Reports but, the academic
literature did. Further examination of the Nuclear
Disaster Official Reports did identify the
importance of human errors in causing the disaster.

Surprisingly neither the academic literature nor the
official reports highlighted the importance of
employee competence on disaster outcomes.
Similarly, very little has been written about the role
and importance of “government/authority” acting
as a regulatory authority in responding to disasters.
Both the academic and official reports have
overlooked the importance of organisational
culture, safety culture, and competent well trained
employees in a crisis and disaster event.
Consequently, there appears to be a gap in the
literature about the importance of an competent
safety and organisational culture in ensuring safety

outcomes especially during crisis and disaster
events. In general nuclear disaster official reports
had a greater focus on the accident or the post
disaster itself whereas the academic literature had a
greater focus on the role of management. Both fail
to investigate the role of organisational culture,
safety culture and the importance of management
in shaping employees to develop effective pre-
crisis processes.

6.0 Conclusion

While there are some similarities between both the
academic literature and official reports into the
nuclear disasters, both have overlooked the issues
of organisational culture, safety culture,
preparedness and mitigation disaster management
activities. The overall analysis of the information
presented is that management plays a major role in
shaping employees’ responses to a crisis and
disaster event. More importantly the academic
literature and management of EAMO needs to
develop a better understanding of good
crisis/disaster management practice that are
conducive to ensure effective crisis and disaster
mitigation management.
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