L/ N\

Safety culture and
organisational resilience in
the nuclear industry
throughout the different
lifecycle phases

Pia Oedewald | Nadezhda Gotcheva |
Kaupo Viitanen | Mikael Wahlstrém

222




VTT TECHNOLOGY 222

Safety culture and _
organisational resilience in
the nuclear industry
throughout the different
lifecycle phases

Pia Oedewald, Nadezhda Gotcheva, Kaupo Viitanen &
Mikael Wahlstréom



ISBN 978-951-38-8306-5 (URL: http://www.vtt.fi/publications/index.jsp)
VTT Technology 222

ISSN-L 2242-1211
ISSN 2242-122X (Online)

Copyright © VTT 2015

JULKAISIJA - UTGIVARE - PUBLISHER

Teknologian tutkimuskeskus VTT Oy
PL 1000 (Tekniikantie 4 A, Espoo)
02044 VTT

Puh. 020 722 111, faksi 020 722 7001

Teknologiska forskningscentralen VTT Ab

PB 1000 (Teknikvéagen 4 A, Esbo)

FI-02044 VTT

Tfn +358 20 722 111, telefax +358 20 722 7001

VTT Technical Research Centre of Finland Ltd
P.O. Box 1000 (Tekniikantie 4 A, Espoo)
FI-02044 VTT, Finland

Tel. +358 20 722 111, fax +358 20 722 7001


http://www.vtt.fi/publications/index.jsp

Contents

PrEFACE ... i 6
1. Safety culture: meaning and aSSESSMENT........uuuuuuuuuuurereeeeereieeeeeeeenenereeeeennes 12
ADSTFACT ... 12
1.1 INEFOTUCTION ittt e e e e e e e s e 12
1.2 The DISC framMEWOIK .......ccvieiiiiiiiiiiiiiecee et 14
1.3 DISC safety culture assessments in PractiCe..........ccccccvvviiiiiiiiiiiiiiiinnnnnnn. 20
1.3.1 Safety culture assessment data..........coooeeerrriririnnninrerree e 21

1.3.2 The assessment process and guidelines..........ccoceevevrrineiennnnnnnennn. 22

1.4 Discussion and CONCIUSIONS .........eevviiiiiiiiiiiiiiie e 25

2. Developing safety culture in nuclear power plants ..., 31
ADSIFACT ... 31
2.1 INOAUCTION ...t e e e e 32
2.2 Key parties involved in developing safety culture in the nuclear industry ...32
2.3 Practical methods of managing safety culture in NPP'S .............cvvvviviinnne 35
2.4 DISCUSSION. .....ttttiiiee ettt ettt e e e e et e e e e e e e eee s 41
2.4.1 |Integration of knowledge ... 41

2.4.2 Systemic interaCtionsS ..........ooooviiiiiiiii 42

2.4.3 Therole of managers and leaders ..., 44

2.4.4 Nuclear and occupational safety..........ccccoeeeiiiiiii, 45

2.4.5 Networks and SUDCUITUIES ..........ccciiiiiiiiiiiiiiiiiice e 46

2.5 ReCOMMENTALIONS. .....c.uiiiiiiiieeiiiiii it 47

3. Human performance programmes as a means to improve safety culture..52

ADSTIACT ...t 52
3.1 INETOAUCTION ... 53
3.2 Human performance tOO0IS ..........uuuuuuuuuuiiiiiiiiiiiiirnenneneeeeeneeeneeeneneeeeerenerenne 53
3.3 HUMAX Study MELNOUS. ... ..uuuiiiiiiiiiiiiiiiiiiiiiiiieineeeeneeeneeeeeeenessneeereeeeeeeeenee 54
3i4  RESUILS ...cciiiiiite e 55
3.5 Relevance to safety CUUIE .........uuuuuuuuiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeneeeeeeerereeeene 58

3.6 CONCIUSIONS. .. .citiiieeitie et e et e e e e e e e e s e e e s st e e s st e e esabaaees 63



4. More requirements, more safety? Cultural tensions in NPP design activities

...................................................................................................................... 67
ADSTFACT ... 67
4.1 INTOAUCTION ..ttt e e e e 67
4.2 MELNOU.....coiiiiiiiiti e 72
4.2.1 DESION CASES ...cciviiiiiiiiiiiiiiii i 73
A3 FINAINGS oo 74
4.3.1 Formal connections with the regulator and expanding requirements
74
4.3.2 Document drafting and requirement management effort ................ 75
4.3.3 Timetable extensions due to having to wait for the authority’s
ECISION ...ttt 77
4.3.4 The assumption of perfect foreknowledge.............ccccccvviiiiniinnnnn. 78
4.3.5 Lack of flexibility and little space for iteration...............ccccccevveennnn. 79
4.3.6 The threats of “designing for the regulator” and sharing the design
AUENOTIEY e 80
4.3.7 Losing the big PICtUIE? ... 81

4.3.8 Conclusions and interpretations from the findings: Increasing
requirements and precise documents — always beneficial for safety?

82
4.4 Suggestions for enhancing the working practices and safety culture in NPP
JESION e 83
4.4.1 Alternative design modelsS .........oooovviiiiiiiiii 84
4.4.2 Enhancing document-based communication — new digital
AIEINALIVES .....eeiiiiiiie e 85
4.4.3 Improved tools for requirements management ...............ccceeeeeeennn. 86
4.4.4 Concluding suggestions: An expanded view of good safety culture in
N o S0 [T | o [P PPPPPPPPPIRE 86
5. Safety culture challenges in different lifecycle phases of nuclear power
PIANTS ...t 91
ADSTFACT ... 91
5.1 INTOAUCTION ...t 92
5.2 Summary of generic safety culture challenges in different lifecycle phases of
NUCIEAr POWET PLANES. ... 94
5.3 Discussion and CONCIUSIONS ..........uvviiiieiiiiiiiiiiiiee e 100
6. Safety culture in a network of companies ........cccceeeeeeei, 107
ADSIFACT ... 107
6.1 INTrOAUCTION ...t et 108
6.2 Practitioner’s challenges when developing safety culture in a network of
ACLOIS ... 110
6.2.1 Whatis the unit of analysiS? ... 110
6.2.2 The challenge of temporary network with temporary employees ..112
6.2.3 National culture differences ...........ccccvvvvvieiiiiiiiiiiieen 113



6.2.4 The challenge of domain specific knowledge and understanding .115

6.3 Toward a model of safety culture in NEtWOrKS..............uuvveuiiiiiiiiiiiiiiniannn 116

6.4 CONCIUSIONS. ....ceiiiiiiiiiiiie e 120
ACKNOWIEAGEMENTS ..o 128
Abstract

Tiivistelma



Preface

Nuclear safety depends on the ability of the organisations involved to anticipate,
monitor, respond to and to learn from the risks inherent in nuclear power production.
It also depends on the organisations’ ability and willingness to deal with these risks
in their daily activities in a fruitful way. These abilities and this willingness are the
essence of a good safety culture.

Although commercial nuclear power production has decades of experience of
quality, risk and safety management, the experiences from the Fukushima Daiichi
accident point to the importance of a culture, where vigilance towards the unex-
pected can be maintained even though significant effort is already put into controlling
risks. Researchers have argued that the management strategies in the nuclear do-
main sometimes overemphasise plans, rules and procedures in guaranteeing the
safety of plants. Nuclear industry culture has been described as a “culture of con-
trol”, where organisations do not always appreciate the inherent uncertainties. The
Fukushima accident reminded everyone of the importance of continuously question-
ing the prevailing way of managing activities in the industry, but it also underlined the
tendency to become blind to the vulnerabilities of one’s own culture — national or
organisational.

The Fukushima accident also pinpointed the importance of understanding the
roles of various actors in nuclear safety. It is not only the operating organisation that
creates safety; the design companies, expert organisations, headquarters, subcon-
tractor companies and regulatory bodies are part of the system, and their impact on
safety needs to be better understood. This is also a lesson learned from some of the
new build projects and major modernisation activities, which have faced challenges
in establishing a shared view of the safety or quality requirements and practices
needed to fulfil them. The various actors in the big projects may have partially con-



flicting goals and different levels of knowledge on nuclear domain which manifests in
their decision and actions. The actors also bring along to the project their own na-
tional and company culture assumptions, beliefs, norms and values, which pose
special challenges for the development of a shared safety culture.

The safety science community has developed various means for analysing and
developing a safety culture and organisational activities for proactive purposes, but it
may be that these methods are not optimally integrated into the management prac-
tices of the nuclear industry. There is a need for research in the interface of the
safety culture theories and the practical management approaches. It may also be
that safety culture approaches and safety management practices need to be further
developed in order to support a transformation from too strong a focus on “culture of
control” towards resilient organisations. Furthermore, the safety culture challenges at
the various lifecycle stages, which involve multiple subcontractors, should be better
understood, in order to be able to improve the practices for managing safety in those
activities.

This publication is a final report of the research project “Managing safety culture
throughout the lifecycle of nuclear plants” (MANSCU). The generic objective of the
MANSCU project (2011-2014) was to create knowledge that can be used in devel-
oping safety management approaches in such a way that they better take into ac-
count recent developments in safety science. The MANSCU project focuses on
three topics that are relevant for practitioners in the Nordic nuclear industry. In par-
ticular, safety management approaches should:

1) Support the development of sufficient understanding and knowledge of nuclear
safety and risks as well as nuclear industry-specific working practice demands.

2) Take into account the needs of contexts other than the operating units. Espe-
cially we focus on creating knowledge on how safety culture should be understood in
a) design activities, and b) complex networks of subcontractors. The networks and
supply chains may be multicultural and interdisciplinary.

3) Support organisational alertness (mindfulness) to new risks or other unex-
pected conditions which are based on either technical or social phenomena. It also
means avoiding complacency and a constant effort of continual improvement.

The MANSCU project carried out both theoretical work and case studies in Fin-
land and Sweden. The case studies were designed based on interests of the power
companies and regulators and thus they were not directly structured according to the
MANSCU project generic goals. During 2011 and 2014 the case studies focused on:



e Understanding design activities from a safety culture point of view. For
further information concerning this task, see (Macchi et al. 2012b, 2013b,
2014, Gotcheva et al., 2014, Gotcheva et al. 2015, Gotcheva & Oe-
dewald 2015)

e Understanding how unexpected daily situations are handled and could
be supported in maintenance activities. Various concepts stemming from
a resilience engineering paradigm were applied, and their applicability in
the nuclear domain was illustrated. For further information concerning
this task, see (Oedewald et al. 2012, Oedewald & Macchi 2012, Macchi
et al. 2012a, Macchi et al. 2013a).

e Understanding the expected and experienced benefits of Human Per-
formance Programmes, which has become a popular safety manage-
ment approach also in the Nordic countries over the last decade. For fur-
ther information concerning this task, see (Oedewald et al. 2014, 2015).

In addition to the case studies, the MANSCU project studied how the concept of
safety culture could be utilised in networked activities typical in the pre-operational
and post-operational stages of a nuclear power plant lifecycle (Gotcheva et al. 2012
Oedewald et al. 2011, Oedewald 2012, Oedewald & Gotcheva 2015).

This publication is aimed at practitioners in the power companies, regulatory bod-
ies, technical support organisations and supplier companies. The aim is to support
their understanding of the concept of safety culture, the practical tools to develop it
and the challenges of achieving a good safety culture in different circumstances. The
authors believe that this report will be helpful to practitioners, for example in carrying
out the oversight of safety culture and safety management of the licensees, planning
of safety initiatives in operating organisations, training and supporting the contrac-
tors and subcontractors, and auditing design activities. It is the authors’ hope that
this publication facilitates reflection on the current safety management philosophies
in the nuclear domain and encourages the actors in the field to pay even greater
attention to the organisational and cultural factors of safety.

The publication unfolds as follows: Chapter 1 states that organisations tend to be
blind to some of their cultural assumptions, which sometimes allows them to drift into
unsafe practices. Therefore, safety culture assessments are an important practice
for the nuclear industry. The chapter summarises the safety culture assessment
framework DISC, which has been developed in Finland in the earlier nuclear safety
research programme, with the aim of encouraging the practitioners to engage in



thorough safety culture (self) assessment endeavour. The theoretical basis of the
DISC framework is followed throughout the other chapters. Chapter 2 moves from
safety culture assessment to its improvement, and discusses the prevailing practical
tools and approaches for safety culture development. Chapter 3 summarises the
lessons learned from a study, which focused on the benefits of Human Performance
tools from a safety culture development point of view. Chapter 4 pays attention to a
specific non-operational activity, namely the design of modernisations; it highlights
how the regulatory activities may strongly influence the culture of design. Chapter 5
discusses how the safety culture challenges may differ across the lifecycle phases of
nuclear plants. The focus of attention and practices used for safety culture develop-
ment may need to be somewhat different in the various lifecycle phases. Finally,
Chapter 6 introduces the concept of network safety culture by emphasizing that,
when multiple subcontractors are involved in the activities, the entire network should
be understood as a unit of analysis. It is not sufficient to develop safety culture of
individual organisations; rather, the interactions between them become an important
focus area. Adopting the idea of a network safety culture may require changes in the
prevailing management mindset, since a multicultural network of subcontractors is
heterogeneous, self-adaptive and thus necessitates approaches beyond the “culture
of control”.

References

Gotcheva, N. & Oedewald , P. 2015. SafePhase: Safety culture challenges in de-
sign, construction, installation and commissioning phases of large nuclear
power projects. SSM Research report 2015:10 Available at
www.stralsakerhetsmyndigheten.se.

Gotcheva, N., Oedewald, P., Wahlstrom, M., Macchi, L., Osvalder, A-L. & Alm, H.
(2015). Cultural features of design and shared learning for safety: A Nordic
nuclear industry perspective. Safety Science.
doi:10.1016/j.ssci.2015.04.014

Gotcheva, N., Oedewald, P., Reiman, T. & Pietikdinen, E. 2012. Enhancing network
safety through network governance, shared understanding and interfirm
heedfulness. In Proceedings of the 11th International Probabilistic Safety


http://www.stralsakerhetsmyndigheten.se

Assessment and Management Conference and The Annual European
Safety and Reliability Conference, Helsinki, Finland 25-29 June.

Gotcheva, N., Oedewald, P., Macchi, L., Alm, H., Osvalder, A.-L. & Wahlstrom, M.
2014. Managing safety culture in design activities: Evidence from the Nor-
dic nuclear power domain; presented at the WOSNET 2014, 7" interna-
tional conference “Learning from the past to help shape the future”, 30
September — 03 October 2014, Glasgow, Scotland, UK.

Macchi, L., Gotcheva, N., Alm, H., Osvalder, A-L., Pietikdinen, E., Oedewald, P.,
Wahlstrom, M., Liinasuo, M. & Savioja, P. 2014. Improving design pro-
cesses in the nuclear domain. Insights on organisational challenges from
safety culture and resilience engineering perspectives. NKS report 301,

Roskilde, Denmark.

Macchi, L., Eitrheim, M., Gotcheva, N., Axelsson, C. Oedewald, P. & Pietikainen, E.
2013a. Modelling resilience for maintenance and outage. Final report of
Moremo project. NKS report 279, Roskilde, Denmark.

Macchi, L., Oedewald, P., Eitrheim, M. & Axelsson, C. 2012a. Understanding
maintenance activities in a macrocognitive work system. Paper presented
at the European Conference on Cognitive Ergonomics-ECCE 2012, Edin-
burgh, UK.

Macchi, L., Pietikdinen, E., Liinasuo, M., Savioja, P., Reiman, T., Wahlstrom, M.,
Kahlbom, U. & Rollenhagen, C. 2013b. Safety Culture in Design. NKS Nor-
dic Nuclear Safety Research, NKS-278, Roskilde, Denmark.

Macchi, L., Reiman, T., Savioja, P., Kahlbom, U. & Rollenhagen, C. 2012b. Organi-
zational factors in design and implementation of technological and organi-
zational solutions in the nuclear industry, NKS Nordic Nuclear Safety Re-
search, NKS-263, Roskilde, Denmark.

Oedewald, P., Gotcheva, N., Reiman, T., Pietikdinen, E. & Macchi, L. 2011. Manag-
ing safety in subcontractor networks: The case of Olkiluoto3 nuclear power
plant construction project. 4" Resilience Engineering International Sympo-
sium, Sophia-Antipolis, France, 8-10 June.

10



Oedewald, P. 2012. Network safety culture. Presented in IAEA Technical meeting on
Safety culture in pre-operational phases. 26-30 November 2012, Cape

Town.

Oedewald, P. & Gotcheva, N. 2015. Safety culture and subcontractor network gov-
ernance in a complex safety critical project. Reliability engineering and sys-
tem safety. doi:10.1016/j.ress.2015.03.016

Oedewald, P. & Macchi, L. 2012. Evaluating organization's potential for being able to
manage varying conditions. Presentation at the IAEA technical meeting on
Managing the Unexpected — From the perspective of the individuals, tech-

nology and organization. 25-29 June 2012, Vienna, Austria.

Oedewald, P., Macchi, L., Axelsson, C. & Eitrheim, M. H. R. 2012. Intermediate
report of MOReMO Modelling Resilience for Maintenance and Outage, NKS
Nordic Nuclear Safety Research, NKS-262. Roskilde, Denmark.

Oedewald, P., Skjerve, AB., Axelsson, C., Viitanen, K., Pietikdinen, E. & Reiman, T.
2014. The expected and experienced benefits of Human performance tools
in nuclear power plant maintenance activities - Intermediate report of HU-
MAX project. NKS report 300. Roskilde, Denmark.

Oedewald, P., Skjerve, AB., Axelsson, C., Viitanen, K. & Bisio, R. 2015. Human
performance tools in nuclear power plant maintenance activities — Final re-
port of HUMAX project. NKS report 328. Roskilde, Denmark.



1. Safety culture: meaning and

assessment

Pia Oedewald

Abstract

The culture of an organisation affects what the organisation considers worth pay-
ing attention to, and what is ignored. In safety critical industries often only a seri-
ous incident wakes up an organization to realize the aspects it had ignored. This
makes external safety culture assessments an important proactive learning mech-
anism in the nuclear organizations: it enables the organisation to perceive its tak-
en-for-granted thought patterns and to understand the reasons for certain organi-
sational behaviour issues. Better understanding of the safety culture of one’s own
organisation also enables an anticipation of reactions to changes and develop-
ment initiatives. A safety culture development programme should, therefore, al-
ways be based on a solid understanding of the current culture of the organisation.
This chapter describes a safety culture assessment methodology called DISC
(Design for Integrated Safety Culture) which has been developed by VTT. We will
clarify what kind of cultural characteristics are needed in order for an organisation
to have a good potential for safety. Furthermore, we will provide practical insights
into the safety culture assessment process.

1.1 Introduction

The concept of safety culture has been used in emphasising that safety of high-
hazard systems cannot be reduced to technical reliability, but rather, safety is a
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property of the whole sociotechnical system. The organisations that design, manu-
facture, operate and oversee high-hazard technologies create safety as they take
decisions and carry out everyday activities. Similarly, organisations have a ten-
dency to develop a variety of social and psychological phenomena that may make
them more vulnerable to risks. Organisations may start to drift towards risky strat-
egies because small deviations, which used to serve as warning signals, gradually
become normalised, or because different organisational units optimise their local
goals and working practices without fully considering the overall activities (see
Dekker 2011, Snook 2000, Reiman & Oedewald 2009). Failure to share lessons
learned, suboptimal information flow, misinterpretation of technical phenomena
and cutting corners when executing operational tasks have been common findings
in various accident investigations.

Safety culture is a concept which can be used to analyse and explain the under-
lying logic of organisational behaviour, especially how the organisation works with
respect to safety.’ This kind of view on safety culture has its roots in organisational
culture theories which share an interest in the meanings and beliefs in organisa-
tions (Czarniawska-Joerges 1992, Weick 1987, 1995, Alvesson 2002, Reiman &
Oedewald, 2007). Schein (1985, 1990) has defined that organisational culture is
what a group has learned as it solves problems related to internal integration and
adaptation to its environment. When these learned patterns work well enough,
they are considered to be a valid way to think, feel and act in relation to those
problems (Schein 1990). These cultural patterns then guide the development of
organisational structures, working practices, socialisation of newcomers and daily
decision-making. In essence, the culture of an organisation choreographs all activ-
ities undertaken in the organisation.

From a safety management point of view, it is important to notice that the im-
pact of culture is in many ways not perceived by the organisation itself, since the
members of the organization consider all things that fit the cultural norms or as-
sumptions to be “business as usual”. Members of an organisation seldom explicitly
reflect on the rationale of their feelings and thoughts. When an occurrence in the

! There are other types of conceptualisations of the concept of safety culture as well. Some
conceptualisations perceive culture as only one of the subfactors of organisational behav-
iour, and approach it typically from a worker behaviour perspective. Many scholars have
categorised different types of safety culture approaches (for an overview of how safety
culture has been conceptualised, see e.g. Edwards et al. 2013, Reiman & Rollenhagen
2013, Silbey 2009, Guldenmund 2000, 2010).
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organisation is surprising enough and requires a mutual explanation, a collective
sense-making process begins (Weick 1995). However, sense-making processes
are just as bound by the organisational culture as any other organisational activi-
ties, and thus the group usually comes up with explanations that fit their existing
thoughts and assumptions. Culture affects what is worth paying attention to, and
what is ignored. Weick (1998) emphasizes that organizations are, in fact, defined
more by what they ignore than by what they attend to. Unfortunately, in safety-
critical industries often only an accident wakes up an organization to realize the
aspects it had ignored. This makes external safety culture assessments an im-
portant proactive learning mechanism in safety-critical organizations: it enables
the organisation to perceive its taken-for-granted thought patterns — some of which
may be problematic for safety — and to understand the reasons for certain organi-
sational behaviour issues. Better understanding of the safety culture of one’s own
organisation also enables an anticipation of reactions e.g. towards changes and
development initiatives. A safety culture development programme should, there-
fore, always be based on a solid understanding of the current culture of the organ-
isation.

This chapter describes a safety culture assessment methodology called DISC
(Design for Integrated Safety Culture), which has been developed by VTT
(Reiman & Oedewald 2009, Oedewald et al. 2011, Reiman et al. 2012, Gotcheva
et al. 2013). We aim to clarify what kind of cultural characteristics are needed in
order for an organisation to have a good potential for safety. These “criteria for
good safety culture” underlie our thinking in all the chapters in this publication
when we discuss safety culture development and challenges in different contexts.
Furthermore, in this chapter we will summarise how we conduct the judgement
concerning safety culture in practice. This may serve as a guideline for practition-
ers who are interested in conducting self-assessments of safety culture in their
organisations.

1.2 The DISC framework

The starting point of the DISC safety culture framework is that safety is an emerg-
ing property of an organisation. This statement follows the logics of e.g. resilience
engineering discourse which aims to emphasise that safety management and
assessment approaches should better take into account the fact that system safe-

14



ty is not a stable outcome; rather it is a dynamic phenomenon which is continuous-
ly created as a by-product as the organisation carries out its activities (Woods
2006, Hollnagel 2014, see also LeCoze 2012). Hollnagel (2014) sees safety as an
“epiphenomenon”, which means that safety is an incidental product of some pro-
cess that has no effects of its own. For organisational safety evaluations, this is a
challenging starting point, since it suggests that it impossible to decompose safety
into a measurable, predetermined set of factors. It is impossible to conclude too
much about e.g. the safety of an organization. Therefore, safety culture is a usable
construct: the safety culture of an organization can be understood as the organiza-
tion's potential for safety (Reiman & Oedewald 2009, Oedewald et al. 2011). This
is what we aim at grasping by safety culture assessments: to evaluate how good a
potential there is for safe activities and what the strengths and weaknesses of the
culture are from a safety point of view. In other words, we see the connection
between safety culture and safe performance so that in specific situations, the
preconditions created by the safety culture actualize in ways which depend on
situation-specific variables.

We have argued that the essence of safety culture is the ability and willingness
of the organization to understand safety, hazards and the means of preventing
them, as well as the ability and willingness to act safely, prevent hazards from
actualizing and promote safety (Reiman et al. 2008). More precisely, the DISC
framework proposes that an organisation has a good potential for safety when the
following criteria are met in organisational activity (Reiman & Oedewald 2009,
Oedewald et al. 2011):

1. Safety is a genuine value in the organisation and that is reflected in

decision-making and daily activities.

e This means that safety manifests itself in the organisation’s prac-
tices, documents and discussions, and in the individuals’ self-
reported opinions as a matter that is a necessity and meaningful
in a positive sense. Safety is meaningful and important because it
is genuinely considered to be right, well and good. Improved safe-
ty motivates. Compared with all other important organisational
goals, safety gets a high priority.

2. Safety is understood to be a complex and systemic phenomenon.

e This means that the prevailing safety conception in the organisa-
tion encompasses the following aspects:
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i. Safety is a dynamic property of activity that requires
constant effort; it does not equal a lack of accidents,
and it cannot be decomposed into simplified factors.

ii. Safety effects are not linear; small inputs can cause
major effects therefore, the organisation constantly
monitors its performance, and considers dealing with
even minor issues.

iii. Safety is socio-technical and influenced by the interac-
tion of multiple stakeholders (individuals, groups, man-
agement, support functions, society). Each person and
task has a potential to influence safety. Therefore,
each person can describe the effect of his/her work on
safety. The interfaces are important; thus the organisa-
tion promotes a good overview of work processes.

iv. There are multiple types of safety in addition to opera-
tional safety (e.g. occupational safety, information se-
curity, security, environmental safety). Their special re-
quirements (e.g. the different laws, different safeguard-
ing measures) are taken into account.

3. Hazards and core task requirements are thoroughly understood.

e This means that the organisation has a good knowledge of phe-

nomena that need to be managed in order to carry out the core
task successfully. Especially a good understanding of hazards ex-
ists in all the organisation’s functions and at all the personnel lev-
els. Each actor knows the possible risks embedded in his/her work
in relation to all types of safety.

4. The organisation is mindful in its practices.

This means that the organisation is capable of maintaining a
mindset that views the knowledge and practices as being imper-
fect, even though they are developed continually. The tolerance
for expressing uncertainties is good, and organisational practices
encourage questioning habits when these relate to identifying
possible hazards. Risks are constantly monitored with the help of
a variety of competencies and methods, because the organisation
is aware of the possibility of new hazard mechanisms.
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5. Responsibility is taken for the safe functioning of the whole system.

e This means that the organisation possesses an idea that every
member has an opportunity and a responsibility to act for the safe-
ty of the whole system. Even though the official task descriptions
are clear, there are practices and mindsets that encourage juridi-
cal accountabilities to be exceeded when safety may be affected
for better or for worse. Dealing with safety issues is prompt: when
a need for development is identified, no dodging or procrastination
occurs.

6. Activities are organised in a manageable way.

e This means that there are sufficient resources for carrying out the
work tasks with good quality. Staffing level, competencies, work-
ing conditions and work process knowledge are sufficient. Even
exceptional work situations can be managed without chaos.

If an organisation works as described above, it has a good potential for suc-
ceeding under varying everyday conditions and learning to adjust its activities so
as to cope with challenges in the future. A safety culture assessment carried out
according to the DISC framework is about judging to what degree the organisation
fulfils each of the above mentioned six criteria. When an organisation fulfils all the
criteria at least fairly well, its safety culture is on a good level. If even one of the
criteria is fulfilled poorly, the potential for safety is significantly impaired. If the
organisation has cultural features that clearly work against some of the criteria, the
safety culture is judged as unacceptable. This means that such an organisation
should not operate high hazard systems.

It is difficult for an organisation to directly improve the fulfilment of the six safety
culture criteria (for example, to directly change employee values or their level of
understanding), but they can be influenced through consistent and shared ways of
executing various organisational functions. In order to assist the practical execu-
tion of safety culture assessment and to help the organisations to identify the
means for improving safety culture, we have defined organisational functions
which are necessary for the development of a good safety culture. These organi-
sational functions are summarised in the DISC model (Figure 1) along with the
criteria for good safety culture.
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Figure 1. The DISC model summarises the criteria for good safety culture (in the
inner circle) and the organisational functions that support the development of a
good safety culture (outer circle) (Oedewald et al. 2011).

The functions depict the activities and measures that an organization with good

safety culture needs to carry out, in one way or another. These functions are de-

scribed as follows:

. Work conditions management: management of the physical condi-
tions (e.g. workspace, lighting), the structural means necessary for
carrying out the work (e.g. tools, instructions) as well as human re-

sources.

18



Work process management: how cooperation and communication as
well as information flow are managed in the organization.

Safety management and leadership: How safety considerations are
included in management decision making. This function involves
gathering feedback and information, making expectations clear,
communicating on safety issues and ensuring that management is
up to date in the way work is conducted in the field.

Supervisory support for safety: supervisors organizing the work in
the immediate work environment in such a manner that it can be
safely accomplished, providing positive feedback on the safety-
conscious behaviour of the personnel, treating subordinates fairly,
and monitoring the subordinates’ coping skills, stress, fatigue levels
and skills.

Proactive safety development: means continuous development of
practices, monitoring of the current level of safety and maintaining a
constant vigilance for weak signals. The function includes organiza-
tional arrangements for learning from experience, auditing and
benchmarking the organizational safety culture.

Hazard control: how known hazards are prevented from causing
harm. This function deals with the provision and implementation of
barriers (e.g. quality assurance, back-up systems, checklists and
physical barriers) in order to prevent unwanted human and technical
variance.

Competence management: how the competence needs are identi-
fied and how the skills and knowledge of the personnel are devel-
oped and maintained. This function also includes the training and
socialization of newcomers and transfer of knowledge from the ex-
perienced personnel to newcomers.

Change management: handling of changes in organizational struc-
tures, practices and technology; planning, implementation, as well
as follow up on changes already implemented.

Management of third parties: how contractors and leased employees
are selected and trained in safety-related issues, and how their
know-how in the field of interest is ensured. This function also con-
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cerns the practices to facilitate organizational learning from contrac-
tors as well as contractors’ own learning.

. Strategic management: Refers to how the organization addresses
long-term preconditions for work (workforce availability, environ-
ment, investments), sets long-term goals for development and guar-
antees the financial viability.

1.3 DISC safety culture assessments in practice

Two basic preconditions need to be met in any safety culture assessments. Firstly,
the assessment team needs to be able to identify and characterise organisational
cultures. They need to have sufficient knowledge of culture as a phenomenon to
be able to identify which of the findings represent cultural features (i.e. are guided
by shared norms, conceptions, assumptions, beliefs and meanings) and which are
individual opinions, behaviours or isolated events. Secondly, the assessment team
has to have a good understanding of the assessment criteria. In other words, they
need to be able to take a stance on whether the identified cultural features are
good or poor from a safety point of view. Maybe surprisingly, this is often a weak
link in safety culture studies (cf. Guldenmund 2010). The reasoning why specific
findings are considered to be “poor safety culture” often remains elusive. The
DISC framework provides the criteria for the assessment by specifying what kind
of culture is desirable from a safety point of view. However, the DISC criteria are
not — and cannot be — very detailed. A safety culture assessment always requires
interpretation and a good knowledge of the case organisation’s unique context in
order to judge whether a certain identified organisational feature should be treated
as evidence for a good or poor safety culture.

It is important to highlight that the six criteria that the DISC framework utilises
are organisational level criteria. The aim is not to evaluate the individual worker’s
values, mindfulness or understanding as such, but to understand whether these
features prevail in the organisation, whether they are part of the culture of that
organisation. Aggregating the information gained from isolated observations or
individual workers’ opinions into cultural factors often receives too little considera-
tions among safety culture experts, and is done in a questionable manner (cf.
Guldenmund 2000). There should be evidence that those features permeate
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through different elements of the organisation (Oedewald et al. 2011). They should
manifest at the psychological level (such as feelings and conceptions of individual
workers), and they should be evident in the social interaction of groups (e.g. group
norms, power relations or communication climate). They should also manifest in
the way the organisational structures and systems are built (e.g. in management
systems, resourcing, design of work processes).

1.3.1  Safety culture assessment data

In order to grasp such a complex and intangible phenomenon as culture, the
organisation needs to be approached from several viewpoints. As mentioned
earlier, the assessment team should explore psychological aspects, social pro-
cesses and concrete structures and systems of the organisation, and for that a
rich set of data is needed. Therefore, the final generic rule of a safety culture as-
sessment is that it should always utilise multiple data collection methods, such as
interviews, document analysis, observations, personnel surveys and group work.

Interviews are an essential data source for safety culture assessments. To gain
rich and reliable data, we use loosely structured interview schemes and only sel-
dom ask directly normative “safety culture questions”. Rather, the interviews cover
themes related to the everyday work tasks of the interviewee, perceptions of or-
ganisational practices and future development needs in the organisation, and
conceptions of safety and risks in their domain. Some of the interviewees are good
at reflecting the culture of their organisation; some talk mainly from the perspective
of their own work and as such can be approached as representatives of the cul-
ture. Some interviewees can best be utilised as informants of concrete work pro-
cesses or events, as they prefer not to reveal too much about their own or their
organisation’s conceptions, norms and beliefs.

Document analysis is another important stage. Depending on the goals, scope
and depth of the safety culture assessment, we review and analyse selected parts
of the organisation’s management system documentation and often event investi-
gation and organisational assessment reports as well as documentations describ-
ing the consequent development initiatives. The analysis pays attention firstly to
the objective aspects of the organisation: how are activities structured and re-
sourced, and are there such functions that are considered relevant for supporting
safe activities? Secondly, the analysis focuses on basic assumptions on how
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organisation should work, what is safety and what are the risks? These can be
concluded, for example, by studying how an ideal organisational performance and
safety are depicted in the documents or by investigating the responses to inci-
dents or organisational assessments.

VTT has developed a safety culture questionnaire, TUKU (see e.g. Reiman et
al. 2013), which can be utilised as one of the data collection methods, especially if
the organisation is large and the aim is to identify subcultures or to monitor chang-
es in climate before and after reorganisations or development initiatives. The TU-
KU survey is based on the DISC model, but it does not measure personnel opin-
ions on the fulfilment of criteria directly, because they would have been too ab-
stract to be evaluated validly by a self-reporting survey. The TUKU survey
measures personnel experiences concerning their own work (safety motivation,
mindfulness, sense of responsibility and sense of control) which are thematically
connected to some of the DISC criteria (1, 4, 5, and 6, respectively). The DISC
criteria 2 and 3, which focus on understanding of safety and knowledge of haz-
ards, are not covered in the survey, due to the nature of those criteria. It is chal-
lenging to come up with a scale that could reliably indicate individual understand-
ing concerning such complex issues. The TUKU survey also measures personnel
opinions of the functioning of the organisational functions (see Figure 1, the outer
layer factors). This is an important piece of data especially for drafting adequate
recommendations.

Interpersonal relations, group dynamics, social norms and power issues can be
best understood if the data collection covers observations of meetings, field work
or seminars. The observed situations can be natural work situations, or the safety
culture assessment team can arrange e.g. focus groups or safety culture seminars
where the case organisation personnel interact.

1.3.2 The assessment process and guidelines

A typical safety culture assessment process which utilises the DISC framework
consists of the following steps:
1. Establishment of a steering group which clarifies the goals, scope and
policy of the assessment. The group consists of the (external) safety cul-
ture experts and representatives from the case organization
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2. Collecting different types of data, for example, interviews, documents,
observations, safety culture surveys
Structuring and analysing the different data sets
Describing the cultural characteristics (descriptive analysis)
Making the final evaluation of the level and quality of the safety culture
according to the six DISC criteria (normative analysis)

6. Establishing recommendations and prioritizing them with the steering

group
7. Establishing a strategy for follow up.

During step four we characterise the organisation’s culture, which means that we
describe aspects such as values, coherence, prominent beliefs, nhorms and as-
sumptions that we have identified. The core of the assessment process is step 5
where the aim is to evaluate to what degree the organisation’s culture fulfils each
of the six criteria. We often use a four-point scale (the criterion is fulfilled poorly,
fairly poorly, fairly well, very well) to illustrate how well the organisation is doing
with respect to each of the criteria. The assessment is always an expert judge-
ment and, thus, no detailed, overarching instructions can be specified (for an ex-
ample of judgement guidelines, see Oedewald et al. 2011 pp. 40-42). In order to
come up with a valid judgement, it may be beneficial for the assessment team
members to first conduct the evaluation independently and only then to cross
check and discuss the arguments pro and against fulfilment of the criteria. When
conducting the assessment, the evaluation team should be able to answer the
following questions:

¢ Isthe criterion fulfilled?

o Does the empirical evidence support the fulfilment of the criteri-
on? What is the evidence? How do you argue that it is good evi-
dence for the fulfilment of this criterion?

o Does the data provide evidence against the criterion? What is
the evidence?

o If there is evidence for and against the fulfilment of the criterion,
and which is stronger? On what grounds? (the next questions
may be helpful in answering this)
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e Are the empirical observations (positive or negative) generalizable to the

organization (are the cultural characteristics shared) or are they unique to

certain personnel groups or subunits?

o Do individuals and subunits provide similar or contradictory evi-

dence?

o If there are different subcultures or fragmented cultural patterns,

are they significant enough to affect the fulfilment of some of the

criteria? Or is the fragmentation natural considering e.g. the

roles of the subunits or the maturity of the organization?

e Have the characteristics clearly taken root in the organization’s culture?

Are the findings inconsistent or contradictory?

o Is the evidence similar / in the same direction, or does the or-

ganization look totally different according to the data source

e.g.

Workers’ opinions and beliefs expressed in interviews
Management'’s opinions and beliefs expressed in inter-
views and public presentations

Official organizational structures, processes and prac-
tices evident from documentation and the management
system

Social processes, climate and norms that manifest in
e.g. informal discussions, observations of daily work

o If the organization seems to express inconsistent characteris-

tics:

Is that natural due to e.g. recent major changes in the
organization or the early development stage of the
company?

Is the organisation unaware that there are gaps e.g.
between formal and informal processes and thus is un-
able to establish sufficiently clear responses or to
manage those issues?

Does the organization aim at giving a misleading pic-
ture of its activities while it knows that it is not the

whole picture?

24



The assessment results then consist of a judgement of the fulfilment of each of the
criteria and associated argumentation. It is typical that an organization does better
with respect to some criteria and has some specific weaknesses (Figure 2).

CRITERION Very good Fairly good Very poor/
Unacceptable

1) Safety as a value \/

2) Systemic safety view

3) Understanding of ~
hazards and core task

4) Mindfulness

5) Responsibility ~

6) Manageability ~

Figure 2. An example of an organization’s safety culture profile. In this hypothet-
ical example, the organization’s safety culture is at an acceptable level, since none
of the criteria are considered unacceptable. A special strength here is that respon-
sibility for safety is taken. However, this organization’s conception of safety is
somehow not systemic, and the organizational mindfulness requires special atten-
tion as well.

It is useful to inspect this profile and discuss it carefully with the organization be-
fore the final recommendations on safety culture development are made.

1.4 Discussion and conclusions

Development of safety culture has to take into account the existing profile and
level of safety culture in the organization. The challenges faced by development
initiatives are different in a high level safety culture than in immature culture (cf.
Amalberti et al. 2005). For example, in a high level safety culture the improve-
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ments may be harder to perceive since the drastic safety flaws have already been
dealt with. The complexity of the safety management system itself can hide certain
risks and create a false sense of security or complacency. In a low level safety
culture the main challenges often overcome the excessive production focus and
unsystematic nature of organizational practices (Amalberti et al. ibid). Sometimes,
if the organisation utilises innovative technologies or has outsourced most of the
activities to external companies, the low level safety culture can be a consequence
of insufficient knowledge and experience in the domain. If the above-mentioned
characteristics are very prominent, the organisation does not fulfil the DISC criteria
and significant changes are needed in order for the organisation to perform in a
manner that it is trustworthy. More often, the safety culture is, generally speaking,
acceptable, but there are unique challenges which need attention and some
strengths to build on.

The basic premises of the DISC approach can be utilised for giving guidance on
integrated safety culture development. The following aspects should be taken into
account:

e The deepest levels of culture are hard to change, but understanding them

is the basis of the safety culture development work.

e The focus of development should be equally on organizational
structures, work practices, employees’ understanding and collec-
tive mindset (attitudes, values, norms). Seeking a development of
only one component (e.g., attitudes) can lead to an imbalance in
the organization between the new elements and the old structures
and elements. This will is turn likely lead to the organization re-
verting back to the old ways, and learning only a negative attitude
to future improvement efforts.

e The focus on development should be on the organization itself,
not on the abstract notion of safety as such. Safety should be in-
tegrated into the daily operations of the organization. This does
not mean that there is no need for safety specialists or a strong
safety department.

Assessing safety culture is about understanding the underlying logic that guides
the organisation’s activities, especially in relation to safety. Being able to under-
stand the culture of an organisation is important for the operating company itself
and for the regulator, because it allows an opportunity to change course before the
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organisation drifts into failure. It also allows efficient development activities. An in-
depth assessment of safety culture often requires external experts, due to the fact
that the members of an organisation tend to be at least partially blind to their cul-
tural norms and assumptions. However, the development and continuous im-
provement of safety culture cannot be completely outsourced. It needs to be inte-
grated in the development of the organisational processes and everyday man-
agement actions.
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2. Developing safety culturein

nuclear power plants

Kaupo Viitanen

Abstract

Licensees in the nuclear industry are expected to develop and maintain a good
safety culture in their organisations. A good safety culture is required and moni-
tored by a multitude of authorities such as governments, regulators, peers and
umbrella organisations. Various organisations and experts provide the tools and
guidelines for safety culture development. In this chapter, the key parties involved
in setting the requirements and providing know-how for safety culture development
and their possible effect on safety culture programs are discussed.

The common safety culture development methods include interventions such as
the development of working practices, safety culture training sessions or changing
the behaviour of personnel. This chapter compiles commonly used safety culture
development interventions and provides insights into topics such as mechanisms
of action, efficiency and unwanted side-effects. In addition, the special characteris-
tics of occupational safety and nuclear safety aspects of safety culture are dis-
cussed as are the effects of various management styles. Furthermore, as the
organisational structures and various working arrangements transform from tradi-
tional organisations into networked systems, the effect of subcultures or cultures
other than organisational culture gains relevance and is therefore discussed. Fi-
nally, tentative recommendations are provided to address the aforementioned
topics.
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2.1 Introduction

Good safety culture is widely accepted as an important ingredient in ensuring
safety in the nuclear industry. As the concept has gained popularity, the expecta-
tion of good safety culture has been integrated into various formal bodies such as
the Safety Standards fundamentals provided by the International Atomic Energy
Agency (IAEA), regulatory requirements, and in some countries also into legisla-
tion. This means that there is a strong external pressure on licensees to monitor
and develop the safety culture of their organisation.

Since the launch of the concept of safety culture, a multitude of theories and
practical methods have been introduced that are claimed to be beneficial for the
development of safety culture. Various schools of thought emphasize different
aspects of safety culture and recommend different practical development solutions
which may appear contradictory or confusing. The practitioners at nuclear power
plants therefore face the dilemma of having to satisfy the requirements regarding
the monitoring and development of safety culture, and at the same time having to
aggregate the knowledge from various sources to find suitable tools for performing
this task. In order to approach this dilemma, it is important to include all the parties
involved in safety culture development and approach this as a larger system that
influences the way in which licensees implement their safety culture programmes.
The following general themes are discussed:

e Who are the parties that set the requirements and provide the know-how
for safety culture development?

¢ How do the activities of these parties influence safety culture programs of
the licensee?

e Are the safety culture development methods required or provided by the
above-mentioned parties valid?

2.2 Key parties involved in developing safety culture in the

nuclear industry

In addition to practitioners at nuclear organisations who develop safety culture at
their respective organisations, there are a diverse variety of other key parties that
influence safety culture development. These parties may set safety culture re-
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quirements or provide the knowledge and practical solutions for safety culture
development. It is relevant to discuss who these key parties are, because they
may affect how the success of a safety culture programme is defined and meas-
ured, and who is considered the authoritative source of advice and information. In
addition, the nature of the motivation behind safety culture programmes and the
interaction between the key parties (including practitioners) may have an effect on
how safety culture is developed and what the outcome of safety culture develop-
ment will be.

Among the most active promoters of the concept of safety culture in the nuclear
industry is the IAEA which has also created the concept (IAEA, 1991). The IAEA
both sets general requirements for safety culture (IAEA, 2006) and also provides
various theoretical and practical guidelines for developing safety culture at nuclear
facilities in its Member States. Alongside the IAEA there are other nuclear industry
specific expert organisations providing safety culture-related knowledge such the
Institute of Nuclear Power Operations (INPO), the Nuclear Energy Agency (NEA)
and the World Association of Nuclear Operations (WANO). These associations
contribute to safety culture management by creating frameworks, guidelines and
development programs for practitioners, and also by facilitating communication
and information sharing between operators. Some examples of the services pro-
vided by these associations are peer reviews, evaluations, training sessions, hu-
man performance programmes and global operating experience databases.

In some countries, the requirement for developing and monitoring safety culture
is regulated by national legislation. One of the first countries to regulate safety
culture in the nuclear industry was Finland, where “good safety culture” is required
by law in nuclear installations (Government Decree on the Safety of Nuclear Pow-
er Plants, 717/2013, 28 8) and disposal sites (Government Decree on the Safety
of Disposal of Nuclear Waste 736/2008, 19 §). In Finnish legislation, however, the
definition and content of safety culture is rather vague and open to interpretation,
and thus in practice other parties are responsible for interpreting this legislation
and creating practical solutions to address it. When a general requirement of safe-
ty culture is in national legislation, the regulator provides more specific interpreta-
tions in their binding regulatory guides on nuclear safety (YVL-guides). In the
regulatory guide YVL A.4, issued by STUK, it is stated that a good safety culture is
characterised by “a full commitment by the management and personnel to compli-
ance with the management system and continuous improvement of performance
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throughout the life cycle of the nuclear facility”. Furthermore, the regulatory guide
YVL A.3 provides general guidelines for a good safety culture, such as “in a good
safety culture, safety is of primary importance, actions are prioritised based on
their significance, the senior management and the entire personnel are committed
to a high level of safety, the atmosphere is open and fosters a questioning atti-
tudes, safety is considered systematically, and safety is continuously improved”. In
addition, there are requirements regarding the concretisation of the concept of
safety culture and having sufficient safety culture expertise. Providing these bind-
ing guides and working in continuous interaction with the power plants means that
national regulators (in this case, the Finnish authority) may have an effect on how
the safety culture is going to be developed by the licensees. This sets expecta-
tions both for the regulators’ competence regarding safety culture-related know-
how, and also for the regulators’ own safety culture. Furthermore, the relationship
(e.g. quality of communication) between the licensee and the regulator may have
an effect on how the licensee perceives the regulator’s requirements.

In addition to nuclear industry-specific associations such as the IAEA, WANO
and INPO, nuclear facilities and regulators often use the services of other expert
organisations for such tasks as safety leadership and training programmes, safety
development interventions, safety climate surveys and independent assessments
of safety culture. External expert companies often provide either standardised
solutions or solutions for specific problems. Examples of such services could be
carrying out independent safety culture assessments or training sessions, or im-
plementing a development program in the organisation. The expertise provided by
expert companies does not replace the organisation’s own functioning safety cul-
ture programme, but rather, it provides expert advice or solutions for a particular
issue that the organisation has recognized but is unable to address by itself.
Therefore, the services provided by external experts need to be integrated into the
organisation’s way of functioning, which is where the role of the in-house safety
culture expert is crucial. External expertise is useful in guiding or supporting the
work of existing professionals by providing new insights, specific knowledge or
abilities that the organisation does not already have but it does not replace the in-
house safety culture expert.

The scientific community plays an essential role in developing safety culture in
the nuclear industry. Scientific knowledge can be used to develop new ways to
approach safety culture development and also to provide efficient and valid as-
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sessment and intervention methods. Scientific research provides the building
blocks that other key parties will use in their activities. One of the key challenges
for the successful use of scientific information is in ensuring the knowledge trans-
fer between the scientific community and the practitioners. Close collaboration
between the scientific community and field workers is required both in order to
provide scholars with usable data in order to verify and elaborate their theories,
but also to provide information regarding what issues practitioners actually strug-
gle with. Also, promoting applied research in addition to basic research is required
for developing scientifically-based tools that are applicable in field work. If the
interests of scientific community and practitioners differ too much, this can lead to
scientific theories that are useful only to other scholars and inefficient field practic-
es that are not based on rigorous research. An active dialogue and participation
from both sides is needed and should be encouraged so as to ensure that practi-
tioners and scholars have enough common ground to benefit from each other’s

work.

2.3 Practical methods of managing safety culture in NPP’s

Safety culture programmes are often assumed to follow a simple model of organi-
sational change which contains the phases of defining desirable future state, as-
sessing the gap between current state and future state, and then applying inter-
vention to reduce this gap (IAEA, 2002). In practice, this involves monitoring the
current state of safety culture using various assessment methods and then using
the information gained from them as a basis for safety culture interventions.
Common practical methods used to develop safety culture in nuclear industry are
summarized in Table 1.
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Table 1. Commonly used safety culture development methods.

Tool Function/scope Target group
Assessment
Document analysis Analyse tangible records of the organisation Organisation
Field observations Practical manifestation Usually shop-floor workers
Interviews Acquire detailed information Specific workers, typically management or
supervisors
Surveys and questionnaires Operationalize and quantify safety culture Whole organisation, limited by response rate
Workshops® Collaborative assessment Limited groups
Intervention

Behavioural-based safety programs
Employee recognition
Human performance programs

Human resource management processes

Operating experience

Safety culture training sessions, seminars
Safety leadership development

Behaviour modification
Behaviour modification

Reduce human errors and manage controls”

Ensure continuity of culture, select suitable and

competent workers
Share knowledge with peers
Create awareness of safety culture

Develop safety leadership skills and implement tools

Shop-floor workers

Usually single individuals

Usually shop-floor workers, potentially also
management®

Whole organisation

Organisations
Whole organisation
Management

a) may also function as an intervention method
b) see DoE (2009a)

c) human performance programme guidelines include tools to support work at all levels of hierarchy; however, management development is rarely

considered under human performance programmes
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Safety culture assessments are carried out by various actors, perhaps most typi-
cally in the form of a self-assessment initiated by the organisation itself, or by an
independent organisation, such as a consultant or technical support organisation.
In the nuclear industry, the licensee is expected to carry out self-assessments of
their safety culture. However, an independent organisation can often be beneficial
in providing a fresh insight or providing such information that the organisation finds
difficult or impossible to acquire.

Questionnaires and surveys are one of the most commonly used and studied
methods of assessing safety culture. Questionnaires have the benefit of being
cheap and straightforward; they have a potential to reach a large crowd, they are
anonymous and easily enable comparative studies to be made. Another often
used, but much more resource-demanding, assessment method is interviewing,
which enables an in-depth analysis of such subject matters that cannot be ap-
proached in questionnaires. Workshops and other group-based methods provide a
middle ground between surveys and interviews, and in addition enable a collabo-
rative approach to safety culture assessment. Field observations are often related
to behavioural-based programmes, but can also be done with different approaches
such as ethnography. Field observations provide information regarding how work-
ers actually behave or act on the field which may be useful to gain such insight
that will not come up in self-administered questionnaires or discussions during
interviews or workshops. Document reviews are used to analyse an organisation’s
written material such as public records, organisation structure charts, etc.

Once the future desirable state of safety culture is defined and some assess-
ments to provide a state-of-the-art are completed, a typical approach is to initiate a
set of corrective actions to improve safety culture. A multitude of intervention
methods exist that are thought to be useful for safety culture development. Some
of these are introduced internally by the organisation itself, while others are im-
plemented by external organisations. The interventions can be seen as either
directly or indirectly affecting safety culture. Interventions that affect safety culture
directly (e.g. safety culture training sessions, workshops and lecture courses)
focus explicitly on safety culture, while in the case of indirect interventions, the
focus is elsewhere (e.g. behaviour modification), but safety culture is considered
either as a backdrop for the programme or it gets changed as a by-product. Due to
the complex nature of culture, any action or change in the organisation may have
an effect on the culture. This means that sometimes it may be difficult to predict
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exactly which actions have an effect on safety culture and which do not. For ex-
ample, making an overt safety culture assessment may itself initiate changes in
safety culture.

One of the most popular safety culture interventions are various types of train-
ings. The ultimate goal of safety culture training sessions is to change cultural
factors such as group attitudes, value and norms, and to create awareness of
safety culture within the organisation. Safety culture training sessions and work-
shops are provided by consultancy companies (e.g. DuPont and ProAct Safety),
the IAEA and many other expert organisations. The effect of safety culture training
sessions is, however, rarely extensively evaluated, and the mechanisms of action
are also largely unclear. Harvey et al. (2001) studied the effectiveness of safety
training programmes in the nuclear environment and observed that the context
has a strong influence on how well a training programme is received and how
useful it will turn out to be. They observed that the same safety training was effec-
tive in changing the attitudes in the management group but not among the shop
floor workers (Harvey et al. 2001). This suggests that safety training sessions
might not affect all groups of staff within the organisation the same way, and thus
in order to be effective they need to be adjusted for a specific audience.

Behaviour-based safety programmes such as DuPont’'s STOP (DuPont, 2014)
or ProAct Safety’s Lean Behaviour Based Safety (ProAct Safety, 2014) are also
associated with safety culture development. Both of these programmes claim
culture-sensitive implementation approach that takes the existing culture into con-
sideration, and safety culture improvements, for example through increased safety
awareness. Behaviour-based safety as a general approach to safety management
is quite well-established and has a long history in safety-critical organisations. It
directs attention to shop-floor worker behaviour, identifying unwanted behaviour
and attempting to modify it. Behaviour-based safety is very concentrated on spe-
cific behaviours and specific people. Therefore, it is considered a “bottom-up”
approach to safety management, which does not address systemic issues in the
organisation. Behaviour-based safety programmes are usually seen as processes
that require continuous reinforcement in order to have an effect on individual be-
haviour — return to initial behaviour is expected if the programme is terminated.
Some scholars have, however, argued that there can also be some longer-lasting
effects on the individuals (see DeJoy, 2005), which may further suggest that be-
haviour-based safety programmes could initiate cultural changes within the target
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organisation. DeJoy (2005) contrasts the individual level bottom-up approach (i.e.
behaviour-based safety) to group or management level top-down approach (i.e.
culture change) and argues that these approaches are essentially complementary
and that when developing safety both approaches would be needed.

Other intervention methods that are sometimes discussed in the context of
safety culture management are the various forms of employee recognition. Simi-
larly to behaviour-based programmes, in these programmes desirable behaviour is
reinforced and motivated by means of operant conditioning methods such as re-
wards, negative reinforcement, punishment and extinction. In practice, employee
recognition manifests itself as safety incentive programs that reward workers for
safe behaviour. For example, attendance at safety training sessions may be re-
warded with gifts, or trophies may be given to those who have demonstrated good
safety performance. Usually, these programmes are directed at occupational safe-
ty. Incentive programmes are frequently criticized for their negative effect on re-
porting: contrary to what is desirable in a good safety culture, rewarding the staff
based on safety outcomes may hinder the development of a blame-free culture
and promote the formation of a culture where accidents are concealed in order to
receive the reward.

In addition, other programmes such as Human Performance Programmes
(HPPs; for further discussion, see Chapter 3), Voluntary Protection Programmes
(OSHA, 2014), or Six Sigma quality development programmes (Ateekh-ur-
Rehman, 2012) are sometimes used in nuclear organisations to improve safety
culture. HPPs involve the implementation of various good working practices that
are thought to reduce latent conditions and active errors. HPPs are targeted at
nuclear safety, but in practice they are also seen to be useful in occupational safe-
ty. The Voluntary Protection Programme (VPP) is a voluntary partnership between
the organisation and OSHA. The VPP initiative sets criteria for a safety and health
system and assesses the organisations against these criteria, then recognizing
excellence. These areas of interest include management cooperation and em-
ployee involvement, work site analysis, hazard prevention and safety and health
training. Six Sigma is a quality improvement programme consisting of various
methods for developing safety. These methods range from simple tools such as
safety rules and compliance programmes to more elaborate ones such as intro-
ducing a continuous improvement team.
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Although traditionally not considered a safety culture intervention method, hu-
man resource management processes are also related to safety culture develop-
ment. The way in which human resources are managed in an organisation is rele-
vant to both the quality of safety culture in the organisation and whether a shared,
good safety culture is created in the first place. At least two distinct mechanisms of
effect can be identified. First, safety culture can be affected through the way in
which employees are hired or grouped together. Employee selection practices
have an effect on what kinds of individuals enter the organisation — if the selection
of certain type of employees is facilitated (e.g. through psychological testing or
safety competence evaluation), the safety culture of the organisation could be
changed through the introduction of these individuals. Competence and suitability
evaluation would need to include both shop-floor workers and management, but
also safety professionals. Selection of personnel can also be used so as to influ-
ence groups by introducing influential individuals. Secondly, it has been argued
that, in an organisation with diverse working arrangements and high turnover
rates, shared conceptions might not emerge among the workers (Clarke, 2003).
This suggests that some ways of organising work can make it more difficult to form
a shared conception of good safety culture. For example, in organisations that
consist of a network of loosely related subcontractors, there are few long-term
interactions and common denominators between groups of workers. This inhibits
the formation of a shared culture at organisation level and the existence of a num-
ber of subcultures may be inevitable. Conversely, high turnover may cause sub-
cultures to break down due to the changes in group members. This has implica-
tions for safety culture management: work arrangements in safety-critical settings
need to be such that an appropriate safety culture can be ensured.

Safety culture interventions in the nuclear industry are typically focused on
changing the mindset or working practices of shop-floor staff. Interventions target-
ed at management or the organisation are often scarce, which is problematic
because the culture is not only limited to the shop-floor but rather permeates
through the whole organisation and manifests itself in all activities at all levels of
the organisation. There are, however, tools to support a safety culture at man-
agement level. Several consultancy and training organisations (e.g. DuPont, Pro-
Act Safety) provide leadership development programmes such as safety leader-
ship training sessions. These training sessions may, for example, attempt to cre-
ate safety culture awareness, educate the management, and develop coaching
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and communication skills. The IAEA has also organised safety culture workshops
for senior management for education and experience-sharing purposes. In addi-
tion, Human Performance Programmes include guidelines for some management-
oriented practices that can be useful in management of safety culture (DoE,
2009b). These include benchmarking, operating experience, self-assessments,
performance indicators, event investigations and change management.

2.4 Discussion

2.4.1 Integration of knowledge

Understanding the relationship between the key parties who provide safety cul-
ture know-how and the practitioners at nuclear power plants is essential in order to
gain a comprehensive oversight of how safety culture is managed. The IAEA is
one of the main proponents of safety culture know-how, and it provides literature
and services mainly intended for managers and other practitioners at NPP’s. The
IAEA and many other nuclear industry associations provide pragmatic guidelines
for practitioners at nuclear facilities. Avoiding overly theoretical and complicated
discussions and focusing on practice may help the organisations implement safety
culture development programmes. This may not be the case if the guidelines re-
quire extensive experience in organisational culture development to interpret and
implement them. On the other hand, the approach still remains rather general,
avoiding straightforward and specific instructions to develop a safety culture.
There appears to be a confrontation of general and specific support for safety
culture development from the international nuclear organisations. If too general a
support is given, the management at the nuclear organisation faces challenges
regarding their expertise in interpreting, operationalising and implementing the
general information. This may lead to misunderstandings, improper safety culture
programmes or abandoning the concept altogether. On the other hand, if too spe-
cific a support is given, safety culture programmes may become too superficial,
unsuitable for the purpose or for the target organisation. Preferring the general
(rather than highly specific) approach suggests that, while IAEA and other asso-
ciations in the nuclear industry do provide support for the development of safety
culture, the licensees are expected to tailor these recommendations to their own
requirements.
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In practice, this means that the literature provided by the IAEA and others more
often than not is expected to function merely as a starting point for the organisa-
tion's own safety culture programmes, developed in-house by the safety culture
staff. Considering the uniqueness of each organisation, it is natural that local de-
velopment is preferred to a global and highly specific safety culture programme. It
can be concluded that the knowledge learned from the IAEA, other nuclear asso-
ciations and from the scientific community, and the specific expertise and know-
how of consultancy companies needs to be integrated and tailored locally for the
target organisation. Furthermore, the resistant and usually slowly-changing nature
of the organisational culture needs to be considered. Although interventions can
be used to steer the culture, the results cannot be expected to take place in short
timeframes and, therefore, a long-term strategy is required to meaningfully devel-
op culture. These requirements suggest that a competent local expert with an
understanding of the needs of that particular organisation and a long-term vision
regarding how to develop the organisation is needed to implement a successful
safety culture programme. Training and recruitment of experienced safety culture
specialists, combined with scientifically sound guidelines from consulting associa-
tions is, therefore, essential to advanced safety culture development. This sets
requirements for both top management commitment to safety culture develop-
ment, and to human resource strategies.

2.4.2  Systemic interactions

A common problem with many safety culture interventions and practices is that
their actual mechanism of action and effect in relation to safety culture is unclear.
This is related to the problem that the concept of safety culture and the causal
paths between changes and outcomes are often unclear and ill-defined (Gul-
denmund, 2000). A general issue that stems from this is that any intervention or
change in the sociotechnical system can have an effect on organisational culture.
This includes both organisational and technical changes. It does not, however,
mean that any intervention can be considered to be effective for a specific culture
development, or that the effect is predictable for the initiator of the change. Many
of the interventions that are considered to be useful for safety culture development
have some effect on behaviour, and some improve safety by various other means,
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but the effect on safety culture has not really been explicitly described and the
possibility of unwanted side-effects is not extensively considered.

Side-effects may manifest themselves as unexpected reactions to change that
can be negative, positive, or non-existent. For example, if the shop-floor workers
had a sloppy attitude to performing some safety-related activities and a heavily
sanctioned intervention was introduced to rectify it, this could have a positive ef-
fect on the attitudes towards safety activities, but it could also be ignored com-
pletely, or it could have a highly negative effect (e.g. distrust of management,
polarization within the organisation, reluctance to communicate and report, an
increased tendency towards non-compliance). If the intervention fails, the post-
intervention safety culture might not increase the overall safety at all compared to
pre-intervention, but could rather decrease it. Therefore, various unexpected side-
effects need to be considered and anticipated before and during the implementa-
tion of interventions. The side-effects also reveal an inherent tension within the
organisation: What does the organisation tend to do naturally, and what does the
organisation need to do in order to develop? Sometimes, an intervention that is
initially considered to be negative and unwanted is actually necessary in order for
the target group to improve its activities. In order to avoid unwanted side-effects
and to ensure a successful intervention, a more systemic approach to safety cul-
ture development is required — merely concentrating on fixing perceived or obvi-
ous weaknesses is not sufficient, nor is naively implementing interventions that
have been found to be useful in another organisation.

A more systemic approach to safety culture development could attempt to
achieve the following goals:

e Identify the underlying cultural characteristics and their interactions
with behaviour and other tangible artefacts (e.g. What cultural charac-
teristics are related to what behaviours?; How can these characteris-
tics be affected?; How do organisational structures and other environ-
mental factors affect the underlying characteristics?)

e Identify how cultural characteristics are related to each other (e.g.
Does one characteristic depend on another one, or cause change in
others?)

e Identify possible paths to side-effects
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e Facilitate change by involving the target group in intervention so as to
avoid resistance to change (e.g. giving ownership, communicating the
justifiability and usefulness of change)

2.4.3 Therole of managers and leaders

Safety culture development in the nuclear industry is typically approached from
a “top down” perspective. Safety culture is seen as something that the manage-
ment (or “leader”) plans, initiates, and is expected to manage and control. It is
argued that the management and leaders have a key role in defining what type of
culture the organisation learns. More specifically, the leaders define how the cur-
rent state of the organisation is seen, where the organisation wants to be, and how
it will get there (Persson 2012). This leader-centric approach is further reflected in
integrating the safety culture and the management system in the nuclear industry.
The leader-centric approach to safety culture may have some inherent flaws. First,
it leads to the assumption that organisational culture can be prescriptively
changed by the management, even though this may not be the case. In fact, it
may be impossible to “manage” culture in the traditional sense of the word. Ra-
ther, culture manages and maintains itself, involves as diverse a variety of inter-
pretations and sense-making processes, and may thus remain very resistant and
unpredictable to pre-planned attempts at intervention (Alvesson & Sveningsson
2008).

The complexity approach to organisational development suggests that culture
could be influenced by creating conditions that affect its self-organising processes
(e.g. Seel 2000, Shaw 1997). For example, conditions such as organisational
structures, means of communication, even physical environment, affect self-
organisation. By monitoring and understanding the effect of these conditions,
culture could be steered in a desirable direction. In such an approach, the role of
the management would change from prescriptively planning the change and then
enforcing it, to enabling and facilitating those conditions that lead to a more desir-
able culture. Secondly, the leader-centric approach emphasizes the role of top
management and other managers over other influential agents. The contribution of
(alleged) non-leaders to the development of safety culture might be ignored. For
example, experienced old-timers in the organisation may be very influential as
mentors and examples, even though their position in the line organisation is low.
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Lastly, leader-centric approach may dismiss the effect of organisational and na-
tional cultures by assuming that similar safety culture development principles are
applicable globally. A leader-centric approach may not apply if the leader is not in
such a role in the organisation that would enable him/her to control the organisa-
tion in an authoritative manner. For example, in the Nordic countries that are char-
acterised by equality and low power distance (i.e. managers and subordinates
have a collaborative rather than a hierarchical relationship; Hofstede, 1980) top-
down methods of intervention will probably have a different outcome than in high
power distance cultures. It is to be noted that, whether the culture is of low or high
power distance, prescriptive cultural change is nevertheless very difficult, if not
impossible.

2.4.4  Nuclear and occupational safety

Although the concept of safety culture was initially developed to respond to is-
sues in nuclear safety, it has increasingly also been related to occupational safety.
This is reflected in the number of safety culture assessment and intervention
methods that concentrate on occupational aspects of safety rather than nuclear,
environmental or process safety. For example, the programmes that develop work
site safety awareness or motivate the use of protective equipment are specifically
directed at occupational safety. It is, however, unclear whether there is an overlap
between occupational safety and nuclear safety when they are examined on a
cultural level. Are there, for example, similar cultural mechanisms or the same
underlying factors behind the performance in both types of safety? It could be
argued that a culture in which occupational (i.e. individual level) safety is valued,
nuclear (i.e. core task level) safety would also be valued. This might not always be
the case. Although there is some overlap, the risks to nuclear processes and indi-
viduals often emerge from different types of mechanisms. Risks to occupational
safety such as the lack of protective gear, carelessness when working near hot
places, at heights, or when working with moving machinery usually only have
negative consequences to shop-floor staff and do not have any significant effect
on the process. For the shop-floor worker, such risks are easy to observe and
avoid through being alert and having “common sense”. Risks to nuclear safety, on
the other hand, relate more to systemic failures. These may be difficult for the
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shop-floor worker to avoid, because he/she might not be aware of whether a mis-
take has been made.

Due to the sociotechnical complexity of the matter, nuclear safety risks are diffi-
cult for a shop-floor worker to comprehend, and are perhaps better understood at
a higher level of examination (e.g. by senior workers, experts or designers).
Therefore, to really concretize the meaning of nuclear safety culture and com-
municating the boundaries of safety, the understanding of safe activities at higher-
level examination needs to be translated into what it means in practice for a shop-
floor level worker. Traditionally, this has been done through bureaucratic means
such as rule-based control and formalisation of work: the nuclear safety risks have
been identified by experts and then written into instructions, rules or regulations
that the shop-floor staff are expected to follow. These means, however, are often
slow to renew and may be ineffective in some conditions (e.g. unexpected or in-
conceivable situations), which means that this approach has limitations. It has
been argued that, in addition to the rule-based approach, a certain amount of local
adjustments are needed in order to succeed in the work task (Gotcheva et al.
2013, Grote 2006, Grote et al. 2009, Oedewald et al. 2012). This leads to a prob-
lem of balancing between the two approaches: neither strict rule-based approach
nor local adjustments alone are sufficient for the successful execution of work
tasks. Being able to balance between these approaches would then be essential
for ensuring nuclear safety. In conclusion, it could be argued that occupational and
process safety are at least partially distinct processes from a safety culture point of
view — occupational safety appears to emphasize local awareness while process
safety focuses on systemic processes and understanding one’s role in these pro-
cesses. This suggests that safety culture development would need to take these
two types of safety into consideration when implementing assessment and inter-
vention strategies.

245 Networks and subcultures

Due to different national or cultural backgrounds, occupational groups, working
conditions, etc., it is inevitable that subcultures form within an organisation. Espe-
cially in networked and project-based organisations where employee turnover is
high and a shared culture will not be able to form easily, understanding subcul-
tures is especially relevant. Representatives of different subcultures may have
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different views on safety, or they may approach safety from a different level of
examination. Different subcultures may also have different goals or goal conflicts,
which affect their behaviours. Subcultures can be characterised by a specific type
of jargon or language, demographics, responsibilities, level of authority or hierar-
chy. These characteristics place subcultures in a certain position in relation to
each other: for example, some subcultures may be subordinate to others; some
subcultures may communicate more effectively with certain subcultures; some
may have more in common in terms of working conditions than others. When
developing safety culture management strategy, it is useful to recognize the exist-
ence of subcultures and the influence of their characteristics and interaction on
safe activities. Current approaches to safety culture largely ignore subcultures and
emphasize a single shared culture, even though some scholars do suggest that
cultures may vary considerably in various subgroups (Chute et al. 1995, Haukelid
2008). Although it may be desirable to create some cultural processes that are
shared by everyone, in practice this may not be achievable due to the inherent
heterogeneity of a complex organisation. This is an issue especially in networked
organisations with a large number of subcontractors. In such cases, relying on
means of common ground other than the licensee organisation may be needed.
For example, developing a strong domain culture (e.g. nuclear industry) may help
to create a common safety culture for subcontractor companies that are otherwise
only loosely connected. More generally, ensuring safety in an organisation with
cultural multiplicity would assume that the subcultures are compatible and com-
plementary. Compatible subcultures would be able to communicate with each
other in an effective manner, and understand the strengths, weaknesses and other
characteristics of other subcultures. Some of the threats to organisations with
multiple subcultures are that the functionality of the organisation may be lost if the
subcultures hinder communication and cooperation, or cause detrimental competi-
tion or power conflicts. Complementary subcultures, on the other hand, would
create an effective and diverse organisation where subcultures patch up each
other’'s weaknesses.

2.5 Recommendations

In this chapter, various common methods that are used to develop safety culture
at nuclear power plants have been discussed. In addition, insights into some of the
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most relevant and current topics regarding efficiency and applicability of these
methods have been provided. These insights are summarized as a compilation of
recommendations, which may help the practitioners at nuclear facilities in develop-

ing and improving their safety culture programmes.

e Acknowledge that safety culture is a broad concept that covers all as-
pects and activities of the organisation — there are no single tools that
improve all aspects of safety culture

e Identify the agents that influence safety culture development programmes
(e.g. peers, umbrella organisations, governments, regulators, scientific
community), and assess the limitations of their knowledge and its ap-
plicability to one’s own organisation

o Acknowledge that safety culture is a slowly-moving phenomenon and that
corrective actions usually do not result in immediate effects

e Ensure that there is a competent and permanent in-house safety culture
expert who has a long-term vision regarding safety culture development

e Identify the logic of safety culture interventions: what is the goal of inter-
vention; what are the mechanisms of action; what actually changes, and
is this change desirable?

e Ensure that the safety culture development programme actually covers
nuclear safety

e Take the existing culture(s) and subcultures into consideration when at-
tempting to change the culture

e Consider how do the organisational structures and workforce arrange-
ments enable or limit the formation of culture

e Ensure workers’ participation and ownership in organisational changes

e Consider the effect of informal leaders apart from the formal ones
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3. Human performance programmes
as a means to improve safety

culture

Kaupo Viitanen and Pia Oedewald

Abstract

Human performance programmes (HPPs) involve selecting and implementing a
variety of human performance tools — good working practices that are thought to
be beneficial for safety and efficiency. Despite their popularity, the suitability of
introducing HPPs to achieve these goals is rarely discussed in the scientific litera-
ture. The HUMAX subproject provides insights to the expected and experienced
benefits and disadvantages of HPPs. In addition, best practices to implement
HPPs are discussed. The project involved three case studies at Nordic nuclear
power plants and an international survey sent to human performance profession-
als. The results of the study demonstrate the heterogeneous nature of HPPs:
some practices are more directed at error-prevention, while others focus on effi-
ciency, supporting work or attitude development. Anticipating the effect of HPPs
on safety culture is difficult, however, the study suggests that HPPs pay greater
attention to rigorous work and help newcomers to integrate to existing working
practices. Possible negative effects may be trust and confrontation issues be-
tween management and shop-floor workers. A good implementation process was
seen as a critical success factor when introducing a human performance pro-

gramme.
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3.1 Introduction

One of the popular means of developing organisations in the nuclear industry is
human performance programmes (HPPs). HPPs can be seen as a practical mani-
festation of a human performance improvement approach (HPI) as presented by
the DoE (2009a). The HPI approach is a systemic approach to human perfor-
mance in which various elements such as organisational factors, job-site condi-
tions and individual behaviour are thought to interact and produce outcomes (DoE,
2009a). According to the HPI approach, human error is not merely seen as a
cause of failure but rather a symptom of the whole system (DoE, 2009a). There-
fore, the approach suggests that all the interacting elements need to be taken into
account when addressing human performance-related issues. In practical terms,
DoE (2009a) propose two main strategies for human performance improvement:
reducing error and managing controls. Error reduction focuses on work execution
and includes such means as preparation of the work task, improving performance
during task execution, and reporting feedback after task completion. Management
of controls, on the other hand, focuses on making sure that there are sufficient
safeguards and that hazard or opportunities for error are eliminated. There are
various approaches on how to develop, implement and conduct HPPs (e.g. IAEA
2001, 2005; Pershing 2006), but typically HPPs consist of choosing and imple-
menting a particular set of human performance tools (HPTs). HPTs are simple
aids or working practices to be used at all levels of the line organisation, although
shop-floor maintenance and control room workers are most often in focus. The
HPTs include, for example, peer checking, three-way-communication, pre-job-
briefing and post-job review.

3.2 Human performance tools

The most common human performance tools include the following (DoE, 2009b):
a. pre-job briefing,
b. post-job review,
c. independent verification,
d. peer checking
e. techniques for clear communication.
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Pre-job briefing is a formal meeting held before executing a work task. During this
meeting, the task is prepared for, workers are briefed and risk analysis is carried
out. The main functions of the pre-job briefing are to make sure everyone involved
in the task knows his/her job, to ensure coordination and safety, and the smooth
progress of the execution.

Post-job review is a meeting held after the task during at which successes and
problems are considered and discussed. This is an opportunity to learn.

Independent verification involves an independent entity checking the result of
the work task after it has been completed. This tool is especially common in safety
critical tasks that are not real-time critical (i.e. no immediate danger after errors)
and is useful to catch errors before the work task target is put back into operation.

Peer checking is a pair work technique that involves one of the workers per-
forming the job and another verifying that the work is done correctly. This is a
resource-intensive tool that is especially useful in those safety critical tasks where
danger is immediate after an error (e.g. high-voltage work, heavy lifts, etc.)

The most popular clear communication techniques are the phonetic alphabet
and three-way communication. The phonetic alphabet tool involves replacing
letters with words during communications in order to avoid mishearing syllables,
which is useful during the communication of arbitrary letter-combinations. Three-
way communication involves repeating the message and acknowledging the repe-
tition before applying the communicated information. This tool ensures the quality
of information transfer between the parties, and is useful when communicating
critical information or during adverse conditions (e.g. noisy rooms). In addition to
the aforementioned tools, there are a variety of other HPTs to be used by individ-
ual shop-floor workers, workgroups and management (DoE, 2009b).

3.3 HUMAX study methods

HPPs in the nuclear industry have mainly been developed by practitioners and
disseminated through informal networks and international bodies such as INPO
and WANO. However, despite the prominence of human performance pro-
grammes, there is little scientific literature on the basic premises behind the hu-
man performance tools or information regarding what the concrete beneficial ef-
fects are. The purpose of the HUMAX project was to study the implementation,
practical use and usefulness of HPTs at nuclear power plants (Oedewald et al.,
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2014; Oedewald et al. 2015). Specifically, the following research questions were
put forth:
1. What are the expected benefits of human performance tools applied in
nuclear power plant maintenance?
2. What have the measurable benefits of human performance tools been so
far in the plants)?
3. How do maintenance personnel perceive the application and effects of
human performance tools?
4. What characterizes successful human performance tools and implemen-
tation processes?
5.  What aspects of maintenance work are most effectively met by the use of
human performance tools, and what could be solved by other socio-
technical means?

HUMAX consists of case studies at three nuclear plants in Sweden and Finland,
and an international survey (for further details, see Oedewald et al., 2014). Two of
the case study plants had implemented HPPs, and the third one had not yet im-
plemented an HPP, although they had implemented strategies similar to HPTs
over the years. The three case studies were narrowed to maintenance activities. A
total of 47 interviews were carried out, including supervisors, managers, techni-
cians, control room operators and electricians. In the plants where HPP was al-
ready implemented, a personnel survey was carried out in order to gather person-
nel opinions on their HPP. The international survey was a self-administered web
questionnaire targeted at nuclear industry human performance professionals
around the world. The purpose of the survey was to provide complementary data
to the Nordic case studies. The survey focused on enquiring the expected bene-
fits, purpose and disadvantages of human performance programmes. In addition,
the survey contained other questions, including what HPTs are used by respond-
ent organisations, what were the motives behind the implementation, and what are

the success factors of HPP implementation?

3.4 Results

Results from both the case studies and the international survey (Oedewald et
al., 2014; Oedewald et al. 2015) suggested that one of the most prominent ex-
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pected benefits of HPPs is to improve safety. The mechanism of action seem to
be that HPTs help to prevent human error, which leads to reduced number of
events, and this in turn would mean improved safety. The Nordic case studies
brought up the fact that maintenance work includes different types of human error,
each with different error mechanisms. This observation follows Reason’s (1997)
idea of skill-, rule- and knowledge-based errors. This would mean that a specific
HPT would be needed in a particular situation in order to be effective in error-
reduction. This is supported by the idea that the effect of HPTs on error appears to
have a temporal dimension: some of the tools (e.g. pre-job briefing, self-checking)
are executed prior to task execution, which allows the identification of risks and
prevention of errors. Other tools that are executed after the task (e.g. independent
verification) would catch the error after it has already been made or would develop
skills or knowledge for future use (e.g. post-job review). Furthermore, some tools
(e.g. self-checking, questioning attitude) provide the means of preparing for unex-
pected events. Some managers believed that HPTs contribute to safety by in-
creasing the likelihood that operational tasks would be carried out according to
procedures and rules. This suggests that HPTs may be expected to provide con-
trol over the way shop-floor workers execute their tasks.

HPTs were also perceived to have a range of other purposes that are not direct-
ly plant safety-related. These include minimized rework, fewer accumulated doses,
fewer issues with the regulator due to procedure compliance problems, improved
equipment performance, sharing knowledge and insights among workers, and
improved business performance. Occupational safety was also often mentioned in
addition to plant safety. In the plant where formal HPP had not yet been imple-
mented, the finding that HPTs may be used for purposes other than safety was
even more pronounced. However, it can be argued that both safety and effective-
ness are in fact related to the same basic mechanism that the HPTs influence: if
the task is executed correctly, then safety is ensured; if it is executed correctly the
first time, then both safety and efficiency will be ensured. Respectively, if the task
is executed incorrectly, both safety and efficiency are compromised.

The measurable benefits of HPTs were only rarely assessed at nuclear power
plants. Some respondents to the international survey did mention that they believe
the introduction of HPP could manifest itself in various indicators such as rework,
human error rate, or work observations. In the two Nordic case organisations
where HPPs were already introduced, it was easy to obtain descriptive examples
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of how HPTs had contributed to preventing accidents or had improved efficiency.
However, overall measured benefits seemed rarely to be calculated. Instead, it
appeared that the positive effects of HPTs were considered self-evident and taken
for granted.

A variety of opinions from personnel regarding HPPs was observed. The overall
tone was positive; however, there were some concerns and also some very critical
comments. HPTs were generally seen as useful and well-integrated: many of the
tools were already in use in the organisations in some form before the formal
introduction of HPP. A generation effect was observed: newcomers saw the HPTs
more positively than old-timers. Newcomers perceived HPTs as something that
help them develop their professional identity and, therefore, function as training
tools. Experienced workers, on the other hand, were concerned of the potential
threat of excessive managerial control and restriction over their established ways
of working and individual judgement.

In addition, there were reserved and critical comments regarding the implemen-
tation of the HPTs. Especially the case studies showed that it is important to take
into consideration the context in which HPTs are to be used. The tools should not
be used excessively (e.g. in work tasks where they are not useful or are even
detrimental), and they need to be scalable to fit the task in hand (i.e. in less critical
tasks a HPT could be used in a lighter form). The general observation was that
HPTs are accepted in the organisation if they make sense to the workers. This
requires that the workers understand the goals and principles in introducing HPTSs,
and agree with them. Another important requirement for their introduction is that
there must be opportunities to learn and use the tools. It was observed that, espe-
cially in the initial stages, the use of HPTs may be time-consuming. Case study
organisations and international survey responses agreed that, in order to learn
and use the HPTSs, enough resources need to be allocated for the workers.

Various group climate-related factors also emerged. Especially trust between
the shop-floor workers and between shop-floor and management was seen to be
important. For example, the use of HPTs such as peer checking was perceived as
a potential lack of trust if done incorrectly. There were also concerns regarding
blame: HPTs should not be used as a basis for blaming personnel in case some-
thing goes wrong. The national culture effect was also observed in the implemen-
tation of HPTs. Anglo-American organisations appeared to use HPTs in a very
disciplined manner, which may not be suitable for Nordic organisations. In the
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Nordic case study organisations, autonomy and supervisors’ ability to tailor tools
to fit the context was usually emphasized.

3.5 Relevance to safety culture

When aggregating the results from the HUMAX study, several connections to
safety culture emerge: the results suggest that the introduction of an HPP in the
organisation may have an effect on safety culture and the introduction of an HPP
or the use of HPTs may be affected by culture (see Figure 1).

Potential beneficial effects

Focus on rigour and high work
quality, address attitude issues

Potential detrimental effects

Trust issues, diminished
responsibility, loss of
professional judgement

Reception in the \
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|euaS2052100 ) <
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Figure 1. The relation of Human Performance Programmes to organisational

culture in various phases of introduction
The effect of HPPs on safety culture was explicitly mentioned as a goal by

many managers and human performance experts. HPPs were seen as something
that would, for example, affect the culture by improving awareness of human fac-
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tors in a safety-critical organisation. HPPs were also expected to develop safety-
related attitudes, such as attention to rigour and high quality of work. In addition,
there are also HPTs that attempt to specifically address attitudes, questioning
attitude and procedure use and adherence, which in the international survey were
found to be some of the more popular ones to be implemented.

Attitude development was perhaps most explicitly mentioned in the context of
training newcomers. Many newcomers found that HPPs provide them with valua-
ble information regarding expectations and ways of working in that particular or-
ganisation. HPPs were seen as a means to develop a positive professional identi-
ty. In such scenario, an HPP would collect and formalize the existing working
practices and culture into something tangible and explicit, which can then be trans-
ferred to newcomers via training and policies. Therefore, the effect of HPPs for
safety culture improvement is easy to see in the case of newcomers. However, the
experienced workers were often critical of HPPs, because they were concerned
that they may restrict their established ways of working and judgement of what is
important in a particular situation. This difference in attitudes may suggest that
safety culture effect is related to the target group of the programme. For the new-
comers, the HPP may provide an effective way to “learn the ropes” of the organi-
sation, especially if it actually reflects the culture of that particular organisation and
is not merely a generic training programme. In the case of experienced workers, it
would be important to involve them in the development of the programme to make
sure the HPP actually reflects the positive characteristics of the culture of that
particular organisation, and is applicable in practice. The actual culture change
effect of an HPP as regards experienced personnel can probably be expected to
be slow and less obvious because they already have established their working
practices. On the other hand, if the HPP provides tools that are obviously better
than the existing ones, then there is a chance they will be accepted by the experi-
enced crowd too, which results in a culture change. Some indicative evidence of
this kind of change was seen in the Nordic case studies. For example, a formal
pre-job briefing was initially seen by many to be a burden — many considered it a
waste of time having the personnel sit in a meeting room. However, after the pre-
job briefing was established and the practical benefits were experienced, there
appeared to be a clear consensus that proper pre-job briefings were a good thing,
especially in safety-critical or complex tasks. Some interviewees mentioned that,
even though a task could have been executed without a formal pre-job briefing
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(e.g. by directly going to the work-site and then discuss the situation and coordi-
nate activities as the task proceeds), the formalised pre-job briefing made the
execution of a task much more controlled and effective. This can be seen as a
concrete example of how the working practices have changed from a more impro-
vised approach to a more pre-planned and meticulous approach.

Second, the introduction of an HPP or the use of HPTs is affected by various
types of culture. This can be seen in two ways. The motivation to introduce a HPP
and the way it is implemented can be affected by the culture. This can be reflected
in what kinds of expectations and goals the organisation sets for the HPP. The
culture may also affect how the HPP will be received once it is implemented. Re-
sults from the international survey showed that there were a variety of expecta-
tions mentioned regarding HPPs. These included safety improvement, improved
efficiency, increased financial viability, controlling the work of personnel, training,
developing culture and attitudes, and communication of expectations. Some re-
sponses suggested that HPP was expected to bring discipline to the organisation,
or the workers felt that this was the purpose of the programme. According to inter-
national survey, the main motivation behind the implementation of HPPs was most
often the external pressure from such organisations as INPO and WANO, or an
internal development initiative. Several possible attitudes towards HPPs can be
recognized: some organisations may see HPPs as an opportunity to genuinely
support the personnel and their work, others may use them to impose more con-
trol over the personnel or attempt to reduce human variability, and yet others
might merely implement an HPP in order to satisfy external peer pressure.

The insights gained from the HUMAX study argue that some of these ap-
proaches are problematic. Attempting to dampen human variability with tools such
as HPTs might not result in desirable outcomes, because human variability is also
a necessity in successful tasks. Disciplinary control or other behavioural issues
should be addressed with other, more effective measures (e.g. poor work condi-
tions or lack of training should not be compensated for with the introduction of
HPTs). Finally, introducing HPPs only to meet external requirements, without
proper requirement analysis and implementation process, may result in a degrada-
tion of work quality and various social issues within the organisation if the tools fail
to integrate. Some of the examples of such threats that emerged from the re-
sponses were shop-floor personnel focusing on executing HPTs instead of the
work task itself, working in a robotic manner and thus eliminating the usefulness of
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one’s own professional expertise, and the possible confrontation of management
and shop-floor personnel. The organisation’s culture will probably have an effect
on which approach is preferred (e.g. a predominantly top-down organisation might
find it appealing to impose more control over the workers, while an externally-
driven organisation where meeting external requirements is highly valued might
implement an HPP just because of the external pressure). It is, therefore, im-
portant to recognize the current culture of the target organisation when implement-
ing HPPs and to ensure that the organisation would take the most desirable ap-
proach even though it might not be initially preferred by that organisation.

Each organisation is unique with a unique set of weaknesses and strengths. In
order to effectively develop the organisation and its culture, it is reasonable that
any development intervention needs to be tailored to that specific organisation.
Failing to integrate an HPP to existing working practices and taking the culture of
the target organisation into consideration may lead to a lack of acceptance of the
HPP by target personnel groups. Many respondents (especially in the Nordic case
studies) expressed their wish to tailor HPTs to their organisation and for specific
work task contexts. In the international survey, several human performance ex-
perts emphasized the importance of integration to existing practices as a success
factor for HPPs. HPPs are somewhat problematic in terms of tailoring, since they
often appear as rigid entities that are implemented as such. Even though in some
HPP literature (e.g. DOE materials; see DoE, 2009a), the relevance of integration
is implied; in practice it appears that HPPs are often not necessarily tailored as
much as needed. For example, in the international survey it was observed that the
content of an HPP (i.e. which HPTs were to chosen to be implemented) was very
similar between different organisations. This may suggest that HPPs are used as
templates to introduce a predefined set of most popular HPTs. In many cases, the
most popular tools are also the most important ones; however, due to the univer-
sality of HPTS, it is probable that these HPTs are already implemented in the tar-
get organisation in some form, and the re-introduction of the same work practices
under HPPs may not be fruitful. It is, therefore, important that any organisation that
is about to implement an HPP (or has already implemented one) be aware of the
strengths and weaknesses of its own culture and working practices, and consider
the benefits and disadvantages of introducing a formal development programme,
even though the external pressure or other driving factors would only demand
generic introduction of HPP. One of the major specific concerns brought up in the
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responses regarding the use of HPTs was the availability of resources and possi-
bility of actually using the tools. It was often seen as paradoxical that the use of
HPTs was required, yet there were not enough extra resources to use or learn the
tools. Such an implementation of an HPP may firstly suggest that there are non-
systemic views of safety in the organisation: HPTs are expected to be useful for
safety, even though the conditions for their proper use are not provided. Secondly,
by sending conflicting messages the management may cause confusion and frus-
tration among the operative staff. The latter issue was especially clear in the inter-
views of shop-floor supervisors in the HUMAX study.

In addition to organisation culture, there are also other cultures that may have
an effect on the implementation of HPPs or the use of HPTs. Examples of such
cultures could be domain culture (e.g. nuclear industry), national culture, and
occupational culture. One of the HUMAX study research questions was to elabo-
rate on the national culture effects on the implementation and use of HPTs. In the
Nordic countries, corporations are typically characterised as democratic (Hofstede,
1980): there is little hierarchy, employees are independent and participate in deci-
sion-making, and there is a collaborative interaction between subordinates and
managers that aims for consensus. This may mean that some of the tools intro-
duced in HPPs or certain implementation processes may not be directly applicable
in the Nordic countries, or at least not in the same way as on other types of na-
tional cultures. In HUMAX Nordic case studies personnel attitudes were observed
that relate to this illustration of Nordic culture. It was observed that many consider
such tools that require formal communication (e.g. phonetic alphabets and three-
way communication) to be alien, and that more informal and conversational com-
munication was preferred. This preference was also related to work task charac-
teristics: unless it was possible to clearly demonstrate that formal communication
was required (e.g. tasks that involve the communication of a large number of co-
ordinates etc.), the staff would prefer informal communication. In addition, the
Nordic case studies showed that HPTs such as peer check and task observations
were often considered uncomfortable by the personnel, because they were inter-
preted as something that questions their expertise or ability to perform the work
correctly. In many Nordic case study interviews, it was emphasized that one of the
means to ensure high quality of work and to avoid errors was the professionalism
and professional pride of the personnel. This may reflect national (and perhaps
also occupational) culture, in which a certain level of autonomy and personal re-
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sponsibility is expected of the personnel and by the personnel. In summary, some
HPTs may contradict with the existing cultural traits, which may result in undesira-
ble social issues, and this needs to be taken into consideration when choosing
which tools to use and how to use them.

Finally, national culture differences may also affect whether the implementation
process will be successful or what factors need to be taken into consideration
during implementation. There were some indicative differences between different
national groups in the international survey. For example, in Anglo-American (the
USA and UK) countries it was often seen that the correct application of the HPTs
would result in positive outcomes, while in other European countries there were
more concerns of personnel losing their focus on the task and starting to empha-
size the execution of the tools too much. Another observation was that the Anglo-
American countries apply HPTs in a more disciplined manner, while Europeans,
especially the Nordic countries prefer adjustments and local adaptation of the
tools. In addition, Anglo-American countries (especially the USA) have applied
HPPs much longer than other European countries. These observations may sup-
port the idea that the Anglo-American countries tolerate the authoritative imple-
mentation process and lack of local adjustments better than other cultures such as
Nordic. This suggests that, in some national cultures, one can more easily use a
non-collaborative approach and still come up with a functional implementation of a
HPP, while in other cultures this may be met with opposition from the personnel.

3.6 Conclusions

Human performance programmes are a heterogeneous compilation of a variety of
techniques (human performance tools) that support human performance at nucle-
ar power organisations. Some of the tools are more clearly directed at error pre-
vention, while others focus on learning or supporting efficiency; some are even
directed at attitude development. Due to this heterogeneity, the specific effect of
HPPs on safety culture can be difficult to anticipate. There are, however, some
general beneficial characteristics that may be promoted by an HPP. For example,
an HPP may focus the attention on the importance of rigorous work and human
factors, and it may help to transfer an existing culture to newcomers or to gather
lessons learned from other organisations or domains. Possible negative cultural
effects suggested by the HUMAX study are related to creating a confrontation
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between management and shop-floor staff and imposing overly controlled ways of
executing work tasks. The former issue can result in trust issues, and a lack of
collaboration and communication between the management and shop-floor — all of
which are problematic from a safety culture point of view. The latter issue may on
the other hand result in a culture of diminished responsibility (e.g. focusing on the
execution of tools instead of the actual task) or rigid and “robotic” ways of working
that eliminate the beneficial effects of professional workers’ input. Throughout the
HUMAX study the implementation process of an HPP was seen as critical success
factor. In order to be accepted by the organisation and its workers, the HPP needs
to take existing practices and structures (including culture) into consideration dur-
ing implementation, as failing to do so may result in detrimental effects on the
organisation and its culture.
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4. More requirements, more safety?
Cultural tensions in NPP design

activities

Mikael Wahlstrém

Abstract

This chapter explores some cultural tensions in the Finnish NPP design, and
focuses especially on regulator-power company interactions as one of the
sources of certain cultural features. Two design cases were studied from organisa-
tional and cultural challenges perspective. According to the findings, during the
design process the documentation is precise and the regulatory oversight is thor-
ough. These can be interpreted as cultural features aiming at ensuring safety.
However, these features may come with some trade-offs: formal and document
based connections with the regulator coupled with the expanding set of require-
ments inevitably produces challenges for NPP design process. Based on the chal-
lenges, we delineate possible risks, which have the potential to generate problem-
atic designs from a safety perspective. Possible means for enhancing the current
design practices are discussed.

4.1 Introduction

This chapter focuses on design activities by studying what kinds of organisa-
tional and cultural characteristics are prominent in actual design cases at Finnish
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nuclear power plants. By design we mean activities such as idea conception,
planning, problem solving, and decision making, as well as the overall manage-
ment of these activities (e.g. Lawrence, 1988; Aspelund, 2006). Design is a coor-
dinated effort by many individuals and organizations (Curtis et al., 1988). These
activities take place when some existing systems in an NPP have to be modified
or new solutions have to be generated for an operating unit, or in a new build.
Studying organisational and cultural challenges is important because it helps to
shed light on the ways in which safety of the end-products are ensured.

Weaknesses in design have played a part in major accidents in the NPP do-
main (Rollenhagen, 2010). The way in which design is conducted relates to the
safety culture of the designing organizations (Macchi et al., 2012). Therefore, we
consider that it is important to have an improved understanding on the cultural
challenges and threats related to the safety culture and working practices. We
delineate potential risks by drawing on our analysis of the current design practices
in the nuclear domain in Finland. In view of our findings, it seems that drafting
clear documents and carefully considering the various requirements are crucially
time consuming and important design activities. Design thus involves comprehen-
sive research as an expanding set of requirements has to be considered; this
increase in requirements has accelerated due to the Fukushima incident. The
documents are not only applied for the internal use of power companies alone but
are crucially important in communicating with the regulator. Our findings indicate
that the nuclear regulator in Finland emphasizes clarity and precision of the docu-
ments. All these features are highly positive in reflecting thoroughness and trans-
parency; in this sense, they seem to represent well developed and prudent safety
culture.

Document-based connections with the regulator together with the expanding set
of requirements are a combination which, however, may produce challenges for
design. First, there can be extensions to the timetables due to having to wait for
the authority’s decision. Second, preparing the documents is a considerable effort
in itself as they have to be clear, comprehensive and consider numerous require-
ments. Third, as the documents are fairly comprehensive, including implementa-
tion as well as testing of the new design or modification solutions, it seems that the
design process is based on the assumption that it is possible to acquire perfect or
at least almost perfect foreknowledge of the design solution and the way in which
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it will work in reality. All details have to be covered comprehensively, as well as
accepted by the regulator before the implementation begins.

This “assumption of perfect foreknowledge”, in turn, brings other logically plau-
sible challenges and threats to actualizing safe design. First, it is assumed that the
design process is fairly fixed: there is little flexibility to change the plans after the
initial plans are laid out, as much of the design activity focuses on evaluating the
plans and in time-consuming requirement management. In other words, a change
of plans could delay the process significantly. Iteration and changing the plans
might be necessary; however, if it happens that not all the particularities remain as
they were pre-imagined when the plans are being actualized or evaluated by the
regulator. This might be the case if several modification projects are being actual-
ized at the same time, for example, one modification case might influence the way
in which another modification should be actualized. The relatively “fixed” design
process with an emphasis on document drafting and requirement study might also
imply that there is only little space for iteration in the design work. This would
suggest that there is little space for rethinking the design idea as a whole once the
process has gone so far that tedious document drafting is on the way. This might
not be a problem at the very beginning of design, i.e., in the concept design phase
(Macchi et al., 2012). However, given that the interviewees emphasized the doc-
ument drafting phase and it seemed to be the most time consuming phase, this
issue could be considered by those involved in design in the NPP domain.

There is another possible risk related to the tedious process of document draft-
ing. This threat could be called as “losing the big picture”. Could it be so that, while
being especially focused on specific requirements, the designers in NPP domain,
who may be focused specialists, might overlook some essential elements in the
overall design? Indeed, based on interviews, Macchi et al. (2014) have found that
understanding the overall power plant can be difficult for individual specialist de-
signers; this seems to be a significant challenge in the NPP domain. So, the lead-
ership overseeing the design process should take care that the big picture is main-
tained on the level of the overall design project. Given that this can be challenging,
another problem should be considered. The ultimate responsibility for the design
should lie within the power companies (IAEA 2003). However, as the power com-
panies know that the design plans are being checked out stringently by the regula-
tor, there might be a risk that the licensee assumes that, if the regulator gives the
green light, it means the plans are fine. In other words, part of the challenging task
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of checking that all the details have been considered in view of the overall power
plant is given to the regulator. This might imply that there is, in a sense, a “mis-
placed focus” in the design process, that is, “designing for the regulator” is taking
place instead of considering the overall design as such. The regulator might be
“exploited” as a design authority, i.e., as the one with the actual responsibility of
the safety of the end-product. We do not have empirical evidence of these issues
and they might not exist in current work practices, but this is something to be con-
sidered as a potential risk by the power companies.

It is perhaps not a surprise that a combination of strict and prudent governmen-
tal regulation with expanding requirements can create a demanding setting for
design, especially in a technologically complex and safety-critical industrial do-
main. As will be discussed, such a setting may entail elements that are problemat-
ic for safety. At the end of this chapter, we will also discuss some practical ideas to
be considered in NPP design. These relate to:

e more incremental commitment to design plans — for more iterative and
flexible design process, with more focus on considering different design
alternatives;

e the means of communicating with the regulator — this process could be
more efficient with alternative modes of communication allowed by mod-
ern digital platforms;

e the requirement management tools — it was claimed by the interviewees
that the means for studying the requirements are not the best possible;
and

e the overall understanding of good safety culture in NPP design — thor-
oughness and transparency (i.e. clear documentation) are not sufficient
and clear leadership, systemic thinking, flexibility to consider various op-
tions and efficiency are needed as well.

Overall, the most important findings and possible challenges are presented in
Figure 1. The flow of the picture describes the line of argumentation made in this
chapter. The risks are not likely to concern every design project, and they are
debatable. In other words, the cultural threats described in this chapter are to be
understood as subjects for critical discussion for the purpose of avoiding them or
handling them, rather than as descriptions of the state of the art of the NPP design
in Finland. Based on the feedback we have gathered on a draft-version of this part
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of the report, some practitioners of the field may consider them practically non-
existent in Finland. However, human and organizational activity is not always
perfect — stress and rush, for instance, may weaken performance — and some-
times designs do fail. Therefore, one should consider potential reasons, or in this

case — cultural challenges — as to why some design projects might fail.

Note: 6-10 are potential risks, i.e., they do not necessarily existin the current
ways of working but, in view of the existing work practices, they can be
considered as realistic threats, possibly generating failed designs.

6) Too little flexibility to change
1) Partly formal 3) Considerable effort the plans after the initial
and document- in documentdrafting planning
based and requirement
connections management 7) Little space foriterative
\rNenhultgteo : thinking
9 ‘ 4) Somewhat ' - -
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2 timetables due to “designing forthe regulator
) Ever‘ having to wait forthe
expanding e : .
requirements regulator decision 9) Design authority not clearly at
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5) The assumption of design organization
perfect
foreknowledge
10) Losing the big picture

Figure 1. The most basic findings of the study implied (boxes 1-2), and more

specific findings (boxes 3-5) and related risks (boxes 6-10).

It is worth mentioning that this chapter provides only a limited overview to the
challenges that the current safety culture in Finland implies for NPP design activi-
ties. This particular study focuses especially on regulator—-power company-
relationships, because this issue was addressed in the data and considering it
might be a means of enhancing the process. It is evident, however, that there are
other issues to be considered as well; these are elaborated in Chapter 5 and in
other publications related to the MANSCU project (Macchi et al. 2012, 2013 and
2014, Gotcheva et al. 2014).
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4.2 Method

Our study draws from two different NPP design cases at two Finnish nuclear
power plants. The first design task was considered fairly small and simple — a
minor modification to a pump functionality which did not require designing new
components, but changes to circuit diagrams. In contrast, the second design case
is a major long-term project, which is continuing — the overall design for manage-
ment of a specific type of waste, and its associated infrastructure. The way in
which the design cases were studied was by interviewing those involved in the
design work, which included eight energy company workers and a governmental
regulator representative. The method of analysis was pinpointing and inferring
possible problems and trade-offs from the accounts of the interviewees. In other
words, the method of analysis focused on areas and issues, which might benefit
from development, rather than on existing strengths. Otherwise, we viewed the
data open-mindedly rather than with a specific theoretical model, i.e., data driven
analysis was applied. In doing the analysis, however, the focus was on design
activities on the level of broad social practices.

The design cases were suggested by the power companies. Two researchers
were present in each interview. The interviews were semi-structured: they aimed
at understanding the overall design project and also included questions for validat-
ing previous studies (Macchi et al., 2013) made in the project. The specific inter-
view schemes and the results related to validating questions have been reported
by Macchi et al. (2014). In this chapter, we apply the general descriptions of the
design projects as the analysis data.

In the following, we will first describe the two design cases and then consider
the challenges mentioned in greater depth.
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4.2.1 Design cases

Design case 1: Slowing down the shut-down speed in the main circulation pumps

As it happens, one of the senior automation engineers at a Finnish NPP real-
ised that, in the existing steam lines of a Finnish NPP, the closing down of some
insulation valves happened too quickly. This meant that a peak in steam circula-
tion might occur — shutting down one steam line could momentarily increase the
steam flow in the open steam lines. This, in turn, might induce load on the pipes
and trigger a shut-down of the main circulation pumps. Some modifications were
made already a year before but, based on data on a disruption in which an isola-
tion valve was closed unnecessarily, it was concluded that a modification was
necessary. Overall, to improve safety and, also, to reduce the load on the pipes,
the speed of closing down would have to be reduced by some milliseconds. No
new components were required in this modification as it was sufficient to make
new connections in the circuit diagrams in the cabinet controlling the valves. It was
considered that the modification was a safety class 3 job, which is the second
highest in automation modification, meaning that a large amount of paper work
was required.

Despite being technically a fairly easy project, the project took 17 months of re-
search and communication before the actual work could be initiated. After two
months of internal decision-making within the power company, a comprehensive
21 page plan, called “preliminary plan” took 10 months to draft. In practice, this
included a major effort in studying the requirements involved in the modification
work. The drafting took a considerable amount of work time from one engineer
and also included the circulation of in-house documents as experts from different
fields commented on the plan. The plan was then sent to the safety authorities
who gave their first response in three months. The representative of the govern-
mental regulator concluded that the plan is not sufficiently comprehensive, as it did
not include enough details on testing the new design in order to verify its function-
ality. This issue was addressed and the project was finalized successfully.
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Design case 2: A waste management system

The second case NPP was built so that it contains fairly large containers for
certain kinds of radioactive waste that are generated as a side-product by the
plant. Eventually, however, this waste would have to be stored in a final repository.
A waste management system would thus have to be planned. The design project
involved the storage, the waste management plant and the infrastructure, e.g., the
way in which the waste would be transported to the plant and to the final reposito-
ry. The design work started in the 1980s, but was put on hold for about ten years.
More recently, around the millennium, a decision was made that planning would
be initiated again; this involved the old plans having to be reviewed. A decade
later, at the initial stages of testing of the plant, however, a safety incident took
place. The issue was later classified as an INES1 incident. There was a problem
in the design and a small part of the system would thus have to be planned again.

Overall, then, the design project was and still is complicated, involving experts
from various disciplines. The complexity involves the enormous time span (the
repository having to be safe for thousands of years in the future) the complex
chemical, radioactive and physical qualities as well as several hundreds, if not
thousands, of guidelines and requirements. The project has been conducted most-
ly in-house by the power company and the project entails a nominated contact
person on the regulator’s side.

4.3 Findings

4.3.1 Formal connections with the regulator and expanding requirements

As seen in case study 1, the relation between the power company and the regu-
lator can be described as formal. The decisive communication takes place with
detailed documents. They communicate in other ways as well, that is, by tele-
phone, by more casual emails and sometimes face-to-face even, but the final
decisions are based on the precise documents. It seems that this has not always
been the case in the history of the exchange between power companies and the
regulator in Finland, as can be seen in the description of one of the interviewees:
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“We also have experienced people here, quite a few of them, and they’re used
to calling the authorities and simply telling them that we've thought about imple-
menting this kind of a system, sounds good, doesn't it? And the authorities say
splendid, and they implement it. | mean this is how it was done 10 years ago. But
it doesn't work like that anymore, so what happens is, these, how should | put it,
old dogs, they'd like to keep doing things the old way, like they used to, without
sending this and that and the other thing there. But we do have to do it now.” (En-

ergy company employee, Case 1)

The importance of formal and precise documents is clear throughout the inter-
views and is linked to many of the arguments presented in this part of the report.
Another phenomenon, which is very descriptive of the design processes in the
nuclear domain, is the vast number of requirements that have to be taken into
account as the documents are drafted. This too is a changing phenomenon, as the
number of requirements has been on the rise. It was especially mentioned that,
after the Fukushima Daiichi disaster in 2011, more and more safety requirements
were introduced.

Overall, neither of these two distinctive phenomena — formal and document-
based connections with the authorities and requirement based-design — are new
for the NPP domain, but their importance has increased; it seems that the number
of requirements is increasing hand-in-hand with the rigor of the regulator. Though
both of the phenomena are positive in ensuring that the design solutions are safe,
they might entail some counterproductive elements. The negative issues include
evident challenges for the design process in terms of burden and extensions to
timetables, but may also generate some other challenges as will be discussed in
the following.

4.3.2 Document drafting and requirement management effort

The most direct and clear consequence of the issues above — the need for pre-
cise and comprehensive documents and the ever increasing requirements — is the
time consumed in any, even small, modification at power plants. This is how an
interviewee describes Case 1:
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“Let me put it this way, if we were producing dairy products here and not nucle-
ar power, the design would have been pretty much there already, but we have to
write @ mountain of documents in addition to this.” (Energy company employee,
Case 1)

The writing of this “mountain of documents” requires hard work by highly trained
specialists. Here design turns into a research endeavour, as different require-
ments and other issues are considered in different ways. It is not a straightforward
and simple process, but something that involves different kinds of activities, includ-
ing discussions between experts of different fields and document study; the re-
quirements may be identified by studying existing plans with similar projects.

"It involves searching for information, digging up documentation. And, in particu-
lar, there’s a significantly larger number of documents that we need to go through
here. We need to go through all of them and check what the effects are else-
where. So that no (electronic) problems emerge, or installation issues, an error
can occur that may cause the new device to... We have always to consider how
these can be identified. [...] So, as you said, it's easier to remember things if you
discuss or go over them with someone rather than just searching for information
from folders.” (Energy company employee, Case 1)

In addition to research, the writing of the documents is a time consuming task
itself. The regulator emphasizes comprehensiveness and clarity, as can be seen
in the accounts of a regulator representative (Case 1):

“In this case, it emerged that the testing plan wasn’t accurate enough. [...] Well,
truth be told, this was one of the smallest projects I've worked on. But in relation to
the question that comes later about what went well or not so well, these projects
always have their challenges because our job is to ensure that the requirements of
the NPP guides are met. And, if a document we receive doesn't clearly indicate
this, it's a bit, it requires a closer look and further discussion to understand what
the meaning is exactly. Clear documents are clear.” (Regulator representative,
Case 1)
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It was also mentioned that writing good documents for the regulator requires
learning, that is, it is an effort in itself to learn how to write the plans in a manner
such that the sufficient level of unambiguity is achieved. This was a collective

effort at the power company.

“If you want a challenge, what's challenging is communicating with the authori-
ties, in writing, on paper you know, since what we do is we may discuss an issue
with the authorities over the phone and both parties are aware of the fact that
writing unambiguously, it's incredibly difficult. [...] And also, in addition to the extra,
in addition to the usual circulation, we had three or four internal review cycles at
the office, checking everything from spelling to comprehension, so I'd say all of
this has made the document clearer, easy to understand.” (Energy company em-
ployee, Case 1)

It is worth to emphasize, however, that the power company workers interviewed
did not complain that writing comprehensive and clear documents took effort and
required learning. Instead, they considered document drafting to be a valuable and
needed skill. What they did complain about, however, was that the tools for re-
quirement monitoring and requirement management were not the best possible. It
was mentioned that, while working with the staff only from the power company, the
tracking of the requirements is easy, but with external parties involved it can be
somewhat problematic at times. It was said that monitoring the way in which re-
quirements are transferred from one document to another could be improved.

4.3.3 Timetable extensions due to having to wait for the authority’s
decision

Document drafting and requirement management are time-consuming in them-
selves; it took 10 months to do these tasks in a plant modification that was de-
scribed as simple and easy. However, in addition to this, time is consumed as the
power companies have to wait for a response from the regulator. In other words,
the workload at the regulator translates into inconvenience and need for anticipat-
ing extensions to the timetables at the power plants. In Case 1, it took three
months to receive the first response from the regulator after the first documents
were sent to them — overall this amounts to 13 months and, as there was some
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exchange after the first response and internal discussions as well, the modification
work could begin 18 months after the need for modification was identified.

On the more complex Case 2, however, the connections with the regulator were
described as good and efficient. This is because there was a nominated contact
person for the project at the regulator agency.

Researcher: “You're communicating directly with STUK [the regulator agency]. “

Interviewee: “Well, yes, quite directly anyway. And it wasn't that efficient previ-
ously, but it's very efficient now, in my opinion.” (Energy company employee, Case
2)

4.3.4  The assumption of perfect foreknowledge

The issue that perfect and comprehensive plans are needed prior to implemen-
tation implies that perfect, or at least near perfect, foreknowledge on the affairs at
the plant are needed. Given that drafting of these plans takes several months, this,
in a sense, implies that the designers would have to “see” months or years into the
future. They have to have all the details beforehand. Could this then be a prob-
lem? Could the plans somehow become outdated during the writing of them and
during the wait for the feedback from the regulator? Naturally, the plans can be
somewhat modified during the writing, when necessary if, say, new requirements
are introduced. Nevertheless, it seems that the plans are quite fixed to the original
plan, that is, the design idea cannot be conveniently changed once the document
drafting and requirement study has been initiated.

The design model applied in NPP design resembles the so-called V-model
(Figure 2) in the sense that it contains the assumption that the foreknowledge is
perfect — “we can define complete, consistent, testable, and buildable require-
ments; decompose perfect requirements to perfect specifications; accurately esti-
mate effort, cost, and schedule for the specifications; schedule work according to
this information early in the programme; and measure progress using earned-
value management or similar techniques”, as Turner (2007, p. 12) describes it. As
also discussed by Turner, the V-model has been criticised due to its lack of flexibil-
ity. This same criticism could be applied to the NPP design processes.
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Figure 2. V-Model of a Conventional, Large-System Development Process
(adapted from Turner, 2007).

4.3.5 Lack of flexibility and little space for iteration

The argument thus goes that, once an agreement on the design solution has
been made, a long process of requirement management and document drafting
takes place — and during this requirement study and drafting phase the plans can
be changed only slightly, i.e., it is a somewhat rigid process. This description of
the design processes at the NPP domain might not apply to all cases, but if it is a
predominant or common mode of work, it could be necessary to consider whether
this lack of flexibility might be a problem or not. To do this, in turn, one should
consider the issues, relevant to a NPP design solution that might vary over time.
These unpredictable issues could include, at least: requirement changes, changes
in design or implementation work force, advances in technology, and supplier
situation. If the situation changes, while the plans have been laid down already,
considerable delays might emerge. Additionally, parallel design projects might
have an impact as well, that is, one may imagine that, if several design projects
with interlinked causal elements take place at the same time and if all of these
projects progress especially slowly, managing the overall repertoire of projects
might be particularly challenging.

Another issue, which is closely related to the issue of lack of flexibility, is that
only little space for iterative thinking remains for the designers. Different iterations
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and versions of the design solution might be created in the concept design part of
the design process but, as much of the focus is on requirement management, it is
questionable whether there is enough time and workforce to consider the different
options. The burdensomeness of the document drafting process could play a role
here: the requirement study might indicate that a certain design idea is better than
another, but it is questionable whether the employees are willing to reconsider the
idea, if this reconsideration implies writing a “new mountain of documents”. We do
not have direct data of behaviour of this kind, but it is a possible problem to be
considered and discussed by the power companies. Being focused on the re-
quirement management and with little space for iteration, the actual use of the
design solutions can be left with too little attention. Human-factors issues can be
difficult to foresee and, if the technical features of the solution are especially fixed,
it can be difficult to implement solutions, which are safe in view of usage.

4.3.6  The threats of “designing for the regulator” and sharing the design
authority

If the focus of the work is on the requirement management and document crea-
tion, another tension seems plausible: the actual use and functioning of the sys-
tem should be in the main focus, while, in terms of design activity, addressing the
requirements is the most burdensome effort — it seems plausible that these will
not always be the same. With a tremendous amount of document creation plus
tasks related to project administration, there is a danger that the design team
distances itself from the actual aim, that is, the creation of a good solution, which
is also usable for the end-users. In other words, too much value would be given to
the non-essential elements in the process of design.

The threat that the power companies rely on the authorities in checking that de-
signs are good means that the power companies share “design authority” and
responsibility with the regulator. Arguably, in a high reliability organization some-
one has to have the final word and the responsibility to ensure that the solution
actually works. According to an IAEA report (2003), and the regulations, the oper-
ating organizations (i.e., power companies) have the responsibility to maintain
design authority, that is, to they have to formally approve all the design changes
and have to maintain the knowledge needed for this. At the same time, the regula-
tor agency has responsibilities that can be seen as overlapping — it also accepts
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the plans. All this might imply a loss of authority in the minds and actual working
practices of power company workers; this could depend on the design case and
situation. It is noteworthy that the regulator does not only accept the plans, but
also restricts and controls the design process itself — this, again, implies a reduc-
tion in clear design authority.

“The authorities give us our marching orders for these things, we have to work
according to that and also, [power plant name] has established their own guide-
lines accordingly and, how the design work, what kind of documentation is re-
quired, so I'm not sure whether there's anything, they work well or don't, but we'll
have to do them anyway. We cannot take any short cuts; we must follow the
specified procedures. We cannot establish our own design methods in that sense.”
(Energy company employee, Case 2)

4.3.7 Losing the big picture?

Closely related to the possible threat of shared design authority, is the possible
risk of “losing the big picture”. Firstly, shared responsibility can sometimes mean
that nobody takes the final responsibility of maintaining an overall understanding
of the design process. Understanding the overall NPP context has been found to
be a significant challenge in NPP design (Macchi, et al. 2014). Secondly, as it
takes time to write clear documents and to consider the vast repertoire of require-
ments, it might be that these activities become the essence of design work, and
the actual solution and systemic thinking on its functioning remain secondary. This
can be seen as a leadership issue — a good leader would maintain responsibility
and overall understanding of the actual solution rather than concentrate merely on
project and requirement management. This is visible in the following account in
which a question on good cooperation is being addressed, but which seems to go
beyond that issue in discussing leadership.

Researcher: “Can you think about any practical way of making sure that there is
no break [in cooperation]?”

Interviewee: “Yeah. It's what we have now. [Project leader name], he's in
charge of the project. During the implementation of the project, there was no such
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person. So somebody has to have an interest in what's being done. So that's the
basic element that, there's one person who feels that this is mine, on the operator
side, who feels that now I'm responsible; my team will operate this plant. Then, the
approach is completely different. If nobody's nominated, then who should care
what's being done. Nobody. Would we have been, or would we have had such a
person during the project, it would have been a bigger success.” (Energy company
employee, Case 2)

It is understandable that in big complicated projects the leader cannot maintain
a specific understanding of all the relevant technical issues. Design and modifica-
tion tasks, which are sufficiently challenging and important (in terms of safety
implications and/or economic indicators) are typically organized as projects. The
project would have to be viewed from a sufficiently broad level of abstraction and
the project leader would have to maintain an overview of who understands the
issues relating to the more specific subdomains of the project. The leader should
also ensure that these individuals communicate with each other and with the lead-

er sufficiently for maintaining the big picture.

4.3.8 Conclusions and interpretations from the findings: Increasing
requirements and precise documents — always beneficial for safety?

Overall, although one might immediately assume that the increasing number of
requirements and the prerequisite of precise documents would only imply in-
creased safety; the issues discussed here suggest that these phenomena may
also impair safety on some occasions if they translate into the risks suggested
here.

Firstly, the time consumed in making the “mountain of documents” and in for
waiting for the regulator feedback may cause delays to necessary safety im-
provements. Quite simply, if things do not get done in a reasonable time, there will
be delays in creating the necessary enhancements to safety.

Secondly, lack of flexibility and little space for iteration may induce some chal-
lenges with safety implications. Arguably, if human factors issues and the actual
use of the system are difficult to foresee and cover with the requirements, the
designers should be able to make changes to the plans more flexibly. If this flexi-
bility does exist not in practice, as the requirement management is so demanding
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and has to clearly predate the implementation, the safety benefits from better
usability might remain unfulfilled.

Thirdly, if addressing the requirements is not sufficient for achieving the best
possible safety, the possible phenomenon of “designing for the regulator” would
be problematic. Additionally, shared design authority implies the possibility that a
certain safety related aspect in the overall design remains unconsidered. “Losing
the big picture” may be detrimental. Lack of true design authority by the power
companies would be a safety risk.

The main message of this chapter of the report is to provide an insight into the
possible challenges and risks caused by the existing trend towards increasing
bureaucracy involved in NPP design. It should be noted that these challenges and
risks are not necessarily present in the existing work practices. Rather, they
should be seen as potential problem causes, which should be avoided in the fu-
ture projects. Human activity always entails the potential for mistakes and there-
fore the potential risks should be elaborated. In high risk domains, the design
process is arguably largely a governmentally regulated process for reducing hu-
man mistakes. Regulation is, of course, necessary, but challenges and threats can
be identified as well, and regulation does not ensure success. New requirements
can be necessary, but at the same time one should consider that, in principle,
somewhere there must be a limit beyond which the number of requirements pro-
duces negative effects. Evidently, this study cannot identify the correct amount of
governmental regulation, as that is something to be discussed by the NPP com-
munity as a whole. In the following, however, we will discuss some possible solu-
tions to be considered for alleviating the challenges identified.

4.4 Suggestions for enhancing the working practices and

safety culture in NPP design

We will now discuss some possible means for enhancing the existing design activ-
ities. It is noteworthy, however, that some of these suggestions come with trade-
offs; they might imply a need for adopting new practices, and may imply challeng-
es for maintaining the thoroughness of the regulation. Additionally, these sugges-
tions should be properly considered in future studies. Thus, the main aim here is
to stimulate discussion and show alternatives rather than to provide simple clear-
cut guidelines.
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4.4.1 Alternative design models

As discussed earlier, the current design model resembles the V-model (Turner,
2007) in the sense that it is based on comprehensive plans of the end-product;
however, this might not be suitable for all cases, since good design often draws
from iteration and consideration of various options (Pew & Mavor, 2007). Could
the focus in Finnish NPP design be somehow shifted from the document drafting
to the consideration of different alternatives?

One possibility would be that the regulator presence would be shifted from the
approval of the final documents to considering different design alternatives and to
providing insight on these alternatives, i.e. the regulator would henceforward work
as a requirement specialist in the concept design phase. It is unclear to what ex-
tent this takes place currently. The regulator’s role is currently partly well-defined
and partly vague: the regulator inspects the plans formally, but also engages in
informal discussions. Perhaps the regulator’s participation in design could be
defined somewhat more specifically; some kind of defined role in the concept
design phase could bring clarity to the way in which authorities take part in design.
More studies and consideration would be needed, however, before defining the
regulator participation. This is because a specialist role in the concept phase of
design might also compromise the regulator’s independence as a reviewer; the
regulator should be able to check the entire design with an outsider’s point of view,
and design authority should clearly remain within the operating organizations.
Nonetheless, some inspiration could be drawn from the so-called “incremental
commitment model”, which has been proposed as an alternative to the V-model
(Pew & Mavor, 2007). The main idea in the incremental commitment model is that
different stakeholders evaluate different versions of the plans in different phases,
including initial scoping and concept definition. In other words, stakeholder opinion
can be used in defining the initial plans and the overall concept in the very begin-
ning of the design process.

More work would be needed in considering how incremental commitment to
plans could suit to the NPP domain — if it is feasible at all; a more iterative and
flexible design process, with more focus on considering different design alterna-
tives could be beneficial, however.
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4.4.2  Enhancing document-based communication — new digital
alternatives

If creating a “mountain of documents” is perhaps the most time-consuming task
in NPP design, one might consider how to facilitate this process. Currently things
are done in a traditional manner: documents are transferred in paper format and
are written with the most common word processing software. However, new more
flexible options for transferring and exchanging knowledge exist, and one could
consider these when imagining how the enhance regulator—power company-
exchange.

Firstly, to the best of our knowledge, the documents do not entail specifically
predefined formats, i.e. the regulator has to search and read through the docu-
ments as any written book in order to find the needed information. Perhaps the
documents could be written by filling in forms with predefined headers. The com-
pleted form could then be submitted to the regulator digitally, as we often see in
today’s web-based systems. Careful consideration would be needed in designing
these forms, as badly designed forms might do more harm than help: the format
would have to entail sufficient flexibility, as it would have to be suited to various
kinds of design cases. Most likely it would be best if the headers were given, but
they would not be fixed, that is, they could be changed by the document drafters
when necessary.

Secondly, more varied modes of communication can be imagined thanks to the
new digital possibilities. Paper documents only entail text and pictures. If the doc-
uments are transferred digitally to the regulator via a digital platform, video clips or
sound could be added to the overall document. This could be helpful on some
occasions — perhaps certain issues could be explicated more easily by speaking
and by showing with video. Assumedly, these video clips would only be small
additions in the overall predominantly text-based document, as reviewing videos is
burdensome in contrast to text.

Thirdly, more flexible commenting and co-writing is possible with new digital
platforms. Changes to the document texts could be done collaboratively. Cloud-
based services such as Google Docs, allow collaborative editing of documents.
This kind of activity might speed up the feedback process, as the regulator could
quite easily indicate problems on the documents, and the power company workers
could respond promptly by editing the documents. Additionally, internet forum-
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inspired commenting could be applied in discussing the design project and the
documents.

Overall, the design documents could resemble the existing Wikipedia pages,
with some predefined headers. Wikipedia pages may entail sound and videos in
addition to pictures and text, they are written collaboratively, and discussing the
pages is possible as well. It is noteworthy that, if a digital platform of this kind is
designed, data security would have to be ensured. Additionally, comprehensive
ethnographic studies on the current design, document drafting and evaluation
processes would be needed prior to designing the new digital platform: the system
would have to feasible in view of the existing needs and working practices.

443 Improved tools for requirements management

One issue that the interviewees mentioned was that the existing tools for re-
guirement management were not the best possible. The appropriate requirements
were sought for in various ways, including face-to-face discussions with the col-
leagues and by reviewing existing, perhaps similar, design documents from other
projects. It seems that the power companies lacked good quality research tools
with appropriate keyword-system and efficient search engines for requirement
management. Most preferably, such tools would include high level of usability in
helping the workers find what they are searching for. Good tools in this task would
translate into more efficient working, thus speeding up the process. According to
our knowledge, the power companies are acquiring or have recently acquired new
requirement management software.

4.4.4  Concluding suggestions: An expanded view of good safety culture
in NPP design

In view of the design cases, the following characteristics in design seem to be
well actualized in Finland:
1. Comprehensive and up-to-date set of appropriate requirements
Meticulous requirement management
Clear documents for transparency
Formal design authority of the operating organization

o M 0w DN

Thorough regulatory oversight
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Actualizing the issues above (1-5) could be seen as the core of the current

Finnish safety culture in NPP design: things are done by the international stand-

ards and with prudent oversight. It is assumed that this precise of adherence to

rules and regulation is also the way in which a good safety culture in NPP design

is understood in Finland. However, we argue that they are not sufficient. The fol-

lowing also seem to be necessary when good safety culture in design is consid-

ered:

The culture of design authority within the operating organizations, including:

a.

design authority as a responsibility and as a genuine value per-
meates the operating organizations, that is, the real-life safety
and functioning of the end-products and modifications are con-
sidered to be the primary aims, which clearly surpass secondary
aims involved in design activity (i.e., requirement management
and achieving regulator acceptance),

undivided design authority, i.e., the focus of design activity is not
in gaining regulator acceptance, and regulator acceptance is not
considered as the aim of the design, but always clearly second-
ary to safety as a design goal in itself.

System thinking in design:

C.

leadership assumes that its main task is in overseeing compre-
hensively the main elements influencing the overall safety and
functioning of the end-product or modification, other responsibili-
ties — e.g., project and requirement management — remain as
auxiliary tasks serving the main task,

resources for iteration, that is, for rethinking the overall design
solutions and consideration of various design alternatives.

Efficient practices:

e.

f.

state of the art library and search tools for requirement man-
agement,
prompt feedback from the regulator.

We are not claiming that these elements are not sufficiently actualized in Fin-

land. Nonetheless, the issues listed above are inspired by the challenges that we
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identified from the descriptions expressed by the interviewees in discussing the
design projects. In some design cases, they could be more prevalent and in better
condition than in others, and therefore they should be noted by the energy com-
panies. It is noteworthy that these notions are in line with the DISC model of safety
culture (Reiman & Oedewald 2009, Oedewald et al. 2011), which has been ex-
plained in Chapter 1 of this document: responsibility for the entire system, seeing
safety as complex phenomena, mindfulness, and management of good work con-
ditions co-align with the notions of design authority as a value and responsibility,
system thinking and efficient practices, mentioned here.
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5. Safety culture challenges in
different lifecycle phases of

nuclear power plants

Nadezhda Gotcheva and Pia Oedewald

Abstract

Different lifecycle stages bring out distinct Human-Technology-Organization chal-
lenges to the stakeholders, which have not been extensively discussed in the
nuclear industry research. Organizational processes and practices, beliefs, as-
sumptions and understanding about safety developed in one phase might not be
fully relevant for the next phase. This chapter aims at illustrating the generic cul-
tural challenges that arise in the design, construction, commissioning, operation
and decommissioning of a nuclear power plant project, and suggests strategies for
safety culture development. It is emphasized that safety management approaches
should take into account the different cultural features of the lifecycle phases and
how they affect safety. Certain aspects deserve special attention, such as the
extent of tangibility of the nuclear safety concept, the magnitude of technical and
organizational complexity of a nuclear project, the extent of outsourcing and exter-
nal personnel involvement, organizing of the project activities, or the priority given
to nuclear-specific knowledge and understanding. The chapter concludes by sug-
gesting that the means to support a good safety culture might need to be adapted
according to the specific cultural challenges in each phase.
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5.1 Introduction

Although after the Fukushima accident in 2011 the expectations and regulations
regarding the human and organizational performance and safety culture have
been revised and strengthened, the ongoing large-scale new nuclear build pro-
jects bring out uniqgue Human-Technology-Organization challenges, which have
not been widely discussed. A new nuclear power plant lifecycle consists of five
general phases: pre-project, project decision-making, construction, operation and
decommissioning (IAEA, 2007). Apparently, activities in one phase influence the
activities and challenges in the next phases; for example, management decisions
taken during the conceptual design phase could have a significant impact on
maintenance, waste handling and even final decommissioning costs (IAEA, 2002).
It is reasonable to assume that understanding human and organizational issues in
the pre-operational phases, such as design, construction and commissioning,
creates technical and organizational preconditions for safety in operation and
decommissioning phases. Also, the transition from one phase to another repre-
sents a change in the roles and responsibilities and the overall context and power
balance in the project, which has potential effects on safety. For instance, the
short-time involvement of multiple subcontractors from different nationalities during
the construction phase requires extensive safety communication, the allocation of
resources for management of a large number of workforce, and specific services
such as foreign language translation and interpretation. Therefore, in this report
we take the nuclear power lifecycle as a unit of analysis and focus on identification
and handling of general safety culture challenges that arise in design, construc-
tion, commissioning, operation and decommissioning phases.

Nuclear power plants in western countries have been in operation for a long
time. They have developed practices, procedures, management systems, and
tools to assess, monitor and improve safety culture. However, traditional safety
management practices and safety culture models have been developed from a
single organization perspective, usually an operating unit. In the design, construc-
tion, commissioning or decommissioning phases, as well as in large moderniza-
tions projects, many activities are carried out by a network of actors, such as sub-
contractor companies, which may set particular challenges for establishing a good
safety culture. For example, the multitude and diversity of the network actors might
bring fresh perspectives but also various tensions, power and accountability is-
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sues, since actors might not share the overall goals of the network, and the re-
sponsibility for safety might be unclear.

Recent experiences indicate that achieving a good safety culture in the pre-
operational phases, such as design, construction and commissioning, might be
challenging. In various safety-critical domains, including railway, offshore oil drill-
ing, chemical, petrochemical, aviation and nuclear, design has been found to be a
contributing factor to events by accident investigations. In the nuclear industry in
particular, it was estimated that 46 percent of accidents can be attributed at least
partially to design errors, e.g. design features, which “makes it unable to perform
according to its specification” (Taylor, 2007: 62). Some notable examples of de-
sign-related accidents are the Challenger space shuttle explosion in 1986, the
Piper Alpha oil rig explosion in 1988, the capsize of the MS Estonia ferry in 1994,
or the Wenzhou high speed train collision in 2011 (Macchi et al., 2014). Design
issues emerged in the analysis of the Fukushima nuclear disaster in 2011 as well,
for instance, the height of the tsunami protection wall and the location of the
emergency diesel generators (The National Diet of Japan, 2012). Difficulties in
ensuring safe design have also been experienced in the Nordic nuclear power
plants. In Sweden for example, a design flaw on four valves had caused an abrupt
stop of steam to the condenser leading to a short and relatively high pressure
spike in the Oskarshamn 3 reactor (www.archive-se.com, 2010). In Finland, in a
newly built waste processing plant, low-activity rinsing water had entered the auxil-
iary building ventilation system during a test run (Kainulainen, 2011). Some recent
experiences of megaprojects revealed a range of challenges related to organiza-
tion and implementation of the commissioning phase too. As an illustration, the
issues experienced during the London Heathrow Terminal 5 and Boeing Dream-
liner 787 commissioning projects were related to the tricky processes of managing
complex megaprojects with a globalized supply chain and keeping a holistic un-
derstanding of the changing context while training the personnel and testing inno-
vative technology (e.g. Krigsman, 2008; House of Commons, 2008; Tang and
Zimmerman, 2009; Kotha and Srikanth, 2013).

In safety critical organizations in general, balancing between partially conflicting
demands is one of the main challenges that needs to be handled continuously,
and is thus a core issue in defining their culture (Oedewald and Reiman, 2003;
Grote 2004, 2009; Hollnagel, 2009). The ultimate goal in the nuclear industry is to
produce electricity safely and efficiently. Still, a general issue in safety culture
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development is the need to reach a balance (trade-off) between ensuring econom-
ic profit and maintaining operational safety (Perrow, 1984; Kirwan et al. 2002;
Woods and Branlat, 2011; Reiman and Rollenhagen, 2012). Furthermore, in terms
of trade-offs, there are specific challenges caused by the transition from one
lifecycle phase to another, as the underlying goals and requirements that steer the
choice for approaches to reach a balance differ between the phases. Each of the
lifecycle phases has a specific core task, associated hazards, ways of organizing
and competence requirements. The nature of the activities and objectives of each
of the lifecycle phases is associated with certain cultural characteristics and chal-
lenges, related to structures and practices, values, attitudes, knowledge and un-
derstanding. These core challenges “absorb” extended or higher complexity due to
the specifics and dynamics of the external context: for example, since the activities
are performed in large project networks, different human and organisational fac-
tors issues interrelate with national and professional cultures.

5.2 Summary of generic safety culture challenges in

different lifecycle phases of nuclear power plants

Tables 1-5 summarize the main cultural challenges that arise in the different
lifecycle phases, and provide implications for safety culture development, i.e. how
the challenges could be taken into account in certain safety management ap-
proaches (for a more detailed report on the safety culture challenges see
Gotcheva and Oedewald 2015).
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Table 1. Design phase: Safety culture challenges and implications for develop-

ment.

Safety culture challenges in design

Implications for safety culture
development

Understanding and managing safety re-
quirements

It is difficult to standardize the conceptual
stage of design with detailed instructions
and requirements.

There is a large number of requirements
and their interpretations among designers
might differ (Menon and Kelly, 2010).

Design involves tedious paper work and
formal communication with the regulator:
this bureaucratic process might hinder
designers’ grasp of the big picture.

Support designers in understanding
the large amount of requirements
and interpreting them in a coherent

manner;

Licensees and the regulator should
be actively involved early in the
design process when the work is
outsourced.

Support designers in concentrating
on developing a safe and functional
final artefact; beware of possible
shift in the focus to mechanical

paper work.
Safety impact of involving diverse and | Improve the coordination and
multiple actors shared understanding between

Design is a collective process and coordi-
nated effort between multiple stakeholders,
which might have different safety philoso-
phies and conceptions about the scope of
their responsibility.

Distributing roles and responsibilities be-
tween different stakeholders in design is
challenging, especially in the early stages
of a project when relationships and organi-
sational structures may not be well-
established (Menon and Kelly, 2010; Mac-

chi et al., 2013).

different stakeholders in the design
process through adequate commu-
nication, especially if they are in
different geographical locations;
Improve the visibility of the design
network in the project, especially
when design organizations are
geographically dispersed.
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Managing tensions and developing a sys-

temic view

Both technical and non-technical under-
standing is required (e.g. materials behav-
iour, end user's needs and future opera-

tional context).

Both short-term and long-term perspectives
on the functionality and safety of the final

outcome.

Nuclear safety is intangible in design
phase, which may contribute to a limited
sense of responsibility for the end-product

and overall plant safety.

A slow and lengthy design process chal-
lenges the systemic view on safety,

knowledge transfer and continuity.

Support designers in understanding
the operators’ needs and opera-
tional context of the final artefact.

Preserve continuity and support
knowledge sharing in major design
modernizations and new build pro-
jects.

Make safety a more tangible con-
cept for designers to improve their
sense of responsibility for the final
artefact.
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Table 2. Construction phase: Safety culture challenges and implications for devel-

opment.

Safety culture challenges in construc-
tion

Implications for safety culture
development

Ensuring safety understanding in a large
and dynamic complex network with tempo-

rary employees

A large number of actors is involved in
various activities, when nuclear hazards

are not yet present.

It is challenging to understand in practice
what is safe and what is unsafe when the
knowledge of nuclear specific hazards is
insufficient.

Preoccupation with occupational safety
rather than system safety during construc-

tion.

In a multilingual project environment, lan-
guage barriers could complicate under-
standing of the need to follow procedures
and nuclear specific requirements, which
could compromise safety.

Focus on efficiency: economic constraints
might have effects on safety.

The challenge of dealing with a dynamic
network and workforce: due to the constant
flux of personnel, training results are rela-
tively short-lived and insufficiently shared.

The construction industry utilizes hierar-
chical management model, which empha-
sises bilateral interactions and information

flow.

Subcontractors should take an
active role and engage in direct and
frequent interactions with the ven-
dor in order to improve their under-
standing of functionality and safety
significance of their work, because
this
safety and perception of deviations.

influences their attitudes to

For effective safety communication,

tools for overcoming language
barriers should be developed and

utilized.

The impact of national cultural dif-
ferences on safety should be taken
into account. Sufficient attention
should be paid to developing
shared cultural characteristics and
practices among the network actors
from the beginning of the construc-

tion phase.

The
awareness of the complexity and

licensee should develop
size of the network of international
subcontractors to improve the man-

ageability.
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Table 3. Commissioning phase: Safety culture challenges and implications for

development.

Safety culture challenges in commis-

sioning

Implications for safety culture
development

Organizing nuclear specific activities, clari-
fying roles and responsibilities

During commissioning, possible deficien-
cies from the previous phases, and espe-
cially before the nuclear fuel is loaded,
should be fixed.

The knowledge base is different from the
construction phase, as the work requires
experience and deep understanding of the
nuclear specific quality requirements.

Due to a shortage of experienced staff,
newcomers should be trained to contribute
to the activities.

To notice and handle the deficien-
cies and to test the components,
systems and structures the vendor,
responsible for commissioning,
should organize the activities in a
manageable way in close coopera-
tion with the licensee, who is re-

sponsible for safety.

Measures should be taken to clarify
and transfer the roles and respon-
sibilities between different stages in
commissioning with a special focus

on nuclear fuel activities;

Understanding and managing higher safety
risks under time pressure and dealing with
the unexpected

Higher safety risks in the commissioning
compared to the construction phase: the
hazards of nuclear fuel. The need for a
systemic view intensifies due to the com-
plex organizational and technical interfaces.

Time pressure: accumulated delays from
previous phases might bring pressure and
emphasis on pre-defined test programmes
issues, with less focus on vague problems.
Possible lack of conservative decision-
making, i.e. prompt and prudent considera-

tion of the safety impacts of solutions.

The higher safety risks should be
clearly communicated and made
tangible to all the parties involved;

All actors in the project network
should be prepared for dealing with
the unexpected and with possible
emergencies with regard to the
nuclear fuel loading stage.

Support decision-making on sys-
tems safety.
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Table 4. Operational phase: Safety culture challenges and implications for devel-

opment.

Core safety culture challenges in opera-
tion

Implications for safety culture
development

Maintaining and developing a safety cul-
ture: mindset, understanding and organiza-
tional structures and systems

Maintaining mindfulness is a specific chal-
lenge in operational phase, especially if
there are no major incidents or changes in
the organization during the long lifetime,
there is a natural tendency to become
complacent and to underestimate the man-
agement for the unexpected. In addition,
delays and deficiencies from the previous
lifecycle phases might actualize during
operation & maintenance.

Most activities are carried out by in-house
personnel and performed by experienced
operators; however, outages and moderni-
zation projects are often carried out by
external companies.

Safety culture should not be taken
for granted in this phase: continu-
ous improvement and learning from
operating experience is critical for
safe operation.

Maintain capability to deal with
aging phenomena, also related to
knowledge continuity as experi-
enced staff retire;

Maintenance of staff competence
and continuity, especially due to the
demographic dynamics (generation
change) during the lifespan of the
operation phase;

Ensuring proper coordination and
communication during normal ac-
tivities, and also when subcontrac-
tors are involved for a short period
of time.
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Table 5. Decommissioning phase: Safety culture challenges and implications for

development.

Core safety culture challenges in de-
commissioning

Implications for safety culture
development

Management of change and human re-

sources

Staff might experience feelings of uncertain-
ty and insecurity as they might not see any
future in the organization.

Motivation of the personnel is affected and
they experience psychological stress.

Preservation of staff competence and un-
derstanding of safety and the changing
faces of risks: the physical layout of the
plant, radiation hazards and contamination
risks are changing.

Clear management communication
is important on the current ar-
rangements and future prospects
S0 as to reduce insecurity.

Preservation and management of
the plant “memory” and lessons
learned.

Human resources planning and
management before and after

shutting down.

Safety effects of deteriorated moti-
vation, psychological stress and
feelings of uncertainty should be
understood.

Measures should be taken for
nuclear safety knowledge to adapt
to these changes.

5.3 Discussion and conclusions

The lifecycle phases of a nuclear power plant have unique characteristics, rele-

vant to the nature of the activities. Still, there are common features, which span

the entire lifetime of a nuclear plant, such as expectations of conservative deci-

sion-making and managing conflicting goals, e.g. prioritizing safety under a press-

ing time schedule and tight economic constraints. The reasons for an organiza-

tion’s tendency to prioritize other-than-safety goals may vary in different phases.
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Therefore, the means to support a good safety culture need to be adapted accord-
ing to the specific cultural challenges in each phase.

Safety culture during the design phase could be promoted by creating aware-
ness of its practical meaning and importance from the very beginning. Active in-
volvement of the licensee and the regulator early in the design process is critical in
order to eliminate or minimize the risk for subsequent adaptations or costly chang-
es later in the design phase or in the subsequent phases. However, if legal con-
straints prevent such an active involvement, other means should be developed to
communicate and monitor the development of the design artefact. Designers
should be supported in understanding the large number and diversity of regulatory
requirements. Organizational infrastructure should be in place to support the coor-
dination and shared understanding between different stakeholders in the design
process. The licensee should support designers in making sense of the end user’s
needs and the operational context of the final artefact. This could be beneficial in
making safety a more tangible concept for designers, and thus improving their
sense of responsibility for the final artefact and overall plant safety.

During the construction phase, the safety culture development approaches
should take into account the challenge of prioritizing quality and safety in a context
of hundreds or even thousands of international temporary workers, who have little
understanding of the nuclear-specific hazards. The long subcontractor supply
chains are not a danger to safety as such, but the pressure for efficiency and the
difficulties of communicating safety relevant information throughout the supply
chain is a danger to safety. It might be difficult for workers to follow the quality
requirements when their role for nuclear safety is not fully comprehended. In this
phase, language issues should be tackled actively since shared cultural under-
standing is constructed through language (Searle, 1997), which in turn directs
daily working practices (Lounsbury and Crumley, 2007). Safety culture initiatives
should be designed in a way that strengthens the effects of training sessions,
despite the tendency for high personnel turnover in this phase.

A good safety culture during the commissioning phase could be supported by
paying attention to the fact that the end of the project is approaching, which brings
the challenges of prioritizing safety under conditions of time pressure. The critical
role of safety culture should be clearly communicated and made tangible to all the
parties involved. “Tunnel vision” could hinder the ability for conservative decision-
making in this phase: the predominant focus is on pre-defined issues with certain
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acceptance criteria rather than vague ones. The higher safety risks related to the
nuclear fuel loading stage bring pressure for dealing with the unexpected and
even with potential emergencies, just as in operational plants. The increased so-
cial and technical complexity in this phase requires well-organized activities and
clear roles and responsibilities. One of the organisational complexities stems from
the need of the future operators to be actively involved in the commissioning while
there are potentially suppliers and subcontractors responsible for the testing and
final modifications of the plant. This kind of transition in the responsibilities neces-
sitates an open climate and continual checking that the accountabilities between
the parties are similarly understood.

A good safety culture during the operational phase could be sustained by main-
taining mindfulness and avoiding the natural propensity for complacency, especial-
ly if there have been no major incidents during the long lifetime of the plant. Man-
agement for the unexpected should not be underestimated either. During the op-
erational phase, activities are mostly carried out by in-house personnel and per-
formed by experienced operators. However, a thorough understanding of the
nuclear hazards and safety consequences of one’s work should not be taken for
granted in this phase. The licensee needs to engage in a continuous improvement
of safety culture by regular internal and independent evaluation by different means
(e.g. surveys and questionnaires, interviews, field observations, document analy-
sis, workshops).

Safety culture during the decommissioning phase could be supported by under-
standing the specific challenges related to human resources management and the
changing context in the plant. From a human resources management perspective,
safety should be prioritized in a situation where staff is reduced, strong feelings of
uncertainty and insecurity are shared, and motivation is affected. The dismantling
stage poses challenges for safety insofar as the physical layout of the plant is
changing, along with the radiation hazards and contamination risks. The regulator
should adapt their organizational oversight practices accordingly.

Identification of these safety culture challenges supports the organizational
mindfulness to new risks, associated with social, organizational and cultural phe-
nomena. Although the challenges differ, the normative ideal model of a good safe-
ty culture could be the same in all lifecycle phases. Still, since the work processes
and people’s knowledge base differ, the means to support a good safety culture
might vary as well. Understanding the nuclear industry hazards and safety conse-

102



guences of the work is a critical dimension in safety culture (Oedewald et al.,
2011). still, the prevailing safety culture discussions do not usually pay much
attention to how safety is understood. This might be related to the predominantly
technical and mechanistic view of how safety is created and ensured in the nucle-
ar industry. In addition, the need for systemic safety perspective should be incor-
porated into the safety culture models in order to avoid a fragmented approach to

the development of safety.
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6. Safety culture in a network of

companies

Pia Oedewald and Nadezhda Gotcheva

Abstract

Many activities in safety critical industries are currently carried out by subcontrac-
tor networks. This chapter analyses practical challenges in applying the concept of
safety culture in a complex dynamic network of subcontractors. First challenge is
the unit of analysis issue; what is the organisation that we aim to understand and
monitor when talking about networked activities? Further challenges are the tem-
porary nature of the network and the discontinuation and insecurity that the project
environment brings, national culture differences and heterogeneous nuclear
knowledge of the actors. The chapter proposes that safety culture assessment
and development activities should take the entire network activity as the unit of
analysis, instead of focusing solely on the culture of the individual subcontractor
companies’ or their workers’ safety behaviour. The interactions between parties,
and therefore the network management strategies and practices, are important
factors for the network safety culture. Ideas from complex adaptive systems stud-
ies can be beneficial for developing safety culture in networks. A good safety cul-
ture in complex systems should find a balance between a prescriptive strategy,
where compliance and control is endorsed, and more flexible strategy where
knowledge and capabilities are developed to allow actors more autonomy to take
decisions in a safe manner. How this latter strategy could be practically endorsed
in the nuclear industry subcontractor networks will require further research.
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6.1 Introduction

In the nuclear industry, the operating companies are expected to establish a sys-
tematic way of managing the safety of their activities. However, in practice many
activities are not carried out by the operating company but by a network of actors
i.e. subcontractor companies. In the nuclear power industry subcontractor net-
works are used, for example, in maintenance activities, modernizations projects or
in design and construction of new nuclear plants. By networks we mean a dynamic
set of actors (organizations and people) who collaborate to achieve shared goals
and to jointly generate value (Camarinha-Matos et al. 2009).

Typically, the network in major nuclear plant modernisations or new build pro-
jects is multinational and can involve several, even thousands of parties, some of
whom might have little experience in the national regulatory requirements or nu-
clear industry practices in general. Since many of the project participants are also
working in other industries and simultaneously involved in other projects, it cannot
be expected that they necessary share the values, knowledge and working meth-
ods that support the overall safety goal of the project. There have been challenges
with both schedule and quality in many recent major projects in the nuclear indus-
try (e.g. STUK 2011, Ruuska et al. 2011). Suboptimal project management and
insufficient nuclear safety culture of the network formed by the supplier and its
subcontractors has been suspected as being contributing factors to the problems
(The Royal Academy of Engineering, 2011). In the nuclear industry, projects are
subject to detailed safety rules and regulations, which represent an additional
dimension to the effective management of these projects.

The activities performed by subcontractor networks may involve both occupa-
tional risks and overall system safety effects. Scientific research on subcontractors
and safety has largely focused on occupational safety (see e.g. Mayhew et al.
1997, Jaselskis et al. 2008, with few exceptions (e.g. Quinlan et al. 2013, Nesheim
& Gressgard 2014, Dahl 2013). However, the critical role of contractors have been
analysed in major accident investigations, e.g. Challenger space shuttle explosion
(Vaughan 1996) and Deepwater Horizon oil rig accident (Bea 2011). Safety re-
search has so far paid little attention to management of projects because project
delays and quality issues have been perceived mainly as economic problems and
not safety concerns as such. However, if a systemic view on safety is applied,
safety cannot be separated from other performance issues. Challenges in sched-
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ule and quality may reflect issues in knowledge, competence, information flow,
roles and responsibilities and attitudes among the project participants. Further-
more, delays may cause pressures to cut corners, create tensions between part-
ners, deteriorate open communication climate, accelerate turnover of key persons,
and thus, increase the risk of latent technical problems or non-conservative deci-
sion making.

Some international nuclear institutions have recently paid attention to safety cul-
ture in networks and project management in the nuclear industry (e.g., INPO 2010,
The Royal Academy of Engineering 2011, IAEA 2012). Recent studies on the
governance of Olkiluoto 3 nuclear power plant project indicated that there is a
need to better understand the links between management and coordination of the
activities in a subcontractor network and the overall system safety (Ruuska et al.
2011, Hellstrdm et al. 2013). Another safety-critical complex project that involved a
multicultural network of subcontractors and ended up with quality issues was the
Boeing’s Dreamliner 787 case. Boeing used extensive outsourcing — about 70 per
cent of the work was outsourced to tier-1 global suppliers, some of which out-
sourced to additional tiers (Gates 2013, Tang and Zimmerman 2009). However,
reportedly managing the global supply chain proved to be challenging since there
were safety issues related to the battery systems, and the Dreamliner 787 project
was over budget and schedule (Kotha and Srikanth 2013). Albrechtsen and
Hovden (2014) analysed major accident risks in non-nuclear construction projects
and concluded that the problems related to quality assurance, coordination and
communication in early phases cascaded and manifested in the construction
phase of the project. The authors discussed that the emerging accident risks were
largely attributed to deficiencies from other organisational units: different units
were blaming each other, top management and the builder.

For practitioners the challenge is that many concepts and models used for im-
proving system safety embed an implicit assumption that the activity is carried out
by a single organization, or that the organization which is carrying out the activity
corresponds to one company or legal entity. This is reflected in safety manage-
ment system literature, where management system is seen as a company specific
system. A single organization focus is relevant also for the concept of safety cul-
ture. The frequently appearing notions in safety culture literature, for example, “top
management commitment”, “open communication”, “organizational learning” and
“levels of organization” (Cooper 2000, Guldenmund 2000, Sorensen 2002) imply
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that safety culture models have been developed to grasp a culture of a coherent
unit. Safety culture assessment and development models seldom pay attention to
power issues, conflicting group interests, or inequality of the actors (Silbey 2009,
Antonsen 2009). Because current safety culture and safety management practices
are largely focused on single organisations it is far from clear how to apply them in
the dynamically changing subcontractor networks.

The objective of this chapter is to describe and analyse practical challenges in
applying the concept of safety culture in a complex, dynamic network of subcon-
tractors. This is of relevance for example to nuclear new build projects, which are
vast and complex undertakings in terms of number of companies, disciplines and

nationalities involved.

6.2 Practitioner’s challenges when developing safety culture

in a network of actors

6.2.1  What is the unit of analysis?

The first practical question when thinking about safety culture and networked
activity is: Whose culture should be analysed/monitored/improved? In the nuclear
industry, the responsibility for nuclear safety usually lies within the licensee, and
the regulator’s requirements and oversight activities primarily focus on the licen-
see organization. In Finland the Government decree on Safety of Nuclear Power
Plants (issued 2008), section 28 states: “When designing, constructing, operating
and decommissioning a nuclear power plant, a good safety culture shall be main-
tained. The decisions and activities of the management of all organisations partici-
pating in the above mentioned activities shall reflect its commitment to safety-
promoting operating methods and solutions”. This statement indicates that all
organisations, not only the licensee, are expected to engage in processes and
behaviours that are believed to exemplify good safety culture.

In practice it is impossible to approach safety culture in a complex networked
project by assessing, monitoring or developing culture of each of the companies
case by case. It may also be insufficient since the entire network shapes the per-
formance of the individual actors; new cultural features will emerge when the ac-
tors work together. Therefore Oedewald et al. (2011) proposed a shift towards
network thinking to advance practices and research on safety culture in large

110



projects. The network as a whole and its dynamic should be understood. This
means that the network can be understood as an organisation and its culture
should be the focus. Also IAEA (2012) point towards that direction when they
emphasise that “nuclear power plant projects involve a dynamic network of inter-
actions and relationships that can benefit from the application of systems thinking.”

The question whether the temporary network of subcontractors establishes a
shared culture is a relevant one. However, we state that the actors are engaged in
shared activities, which require interaction and compliance with shared rules and
expectations. Therefore, it is evident that to some degree shared conceptions,
norms and routines need to be established by the actors to support coordination,
reduce uncertainty and avoid chaos (Weick 1987, Grote & Kinzler 2000). Thus,
the complexity of the network necessitates formation of some shared cultural
features.

Since many of the members of the organisation develop multiple cultural identi-
fications, e.g. those related to their professional group, company and ethnic group,
the culture which emerges in complex networks is not necessarily uniform and
strong. However, it could still be characterized as a good safety culture, as far as
the competing interests, diverse competencies and various viewpoints are oppor-
tunities to continually reflect on the process of creating safety (cf. Silbey 2009).
Structure and quality of the processes where the various solutions are developed
and decisions taken are of key importance when aiming at understanding and
developing safety culture of the network.

For the practitioners at the licensee organizations or regulatory agencies over-
coming the organizational boundaries and gaining access to the subcontractor
companies to inquire and demand something related to their values, beliefs, as-
sumptions may be a challenge. The contracting phase is an important opportunity
to communicate the expectations and to audit the management approach of the
potential partners (Kjellen 2012). However, the practices to evaluate the safety
culture during these processes have only begun to develop. Furthermore, the
knowledge gained during the contracting process may not be sufficiently deep and
accurate for gaining understanding of cultural aspects if the parties have no prior
collaboration experience. Consequently, the majority of the practical activities
related to safety culture in subcontracted activities seem to focus on subcontractor
worker safety performance rather than to the culture of the subcontractor compa-

nies.
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6.2.2  The challenge of temporary network with temporary employees

Project networks have temporary nature, which sets specific challenges for
safety culture due to the short time span of activities and internal dynamics of the
system. The nature of a project network encompasses features of insecurity due
to the short-term contracts, possible competition between contractors and con-
tract-based trust. Although safety culture literature emphasizes the importance of
open communication, questioning attitude and reporting of concerns, it may be
more challenging to achieve these in temporary project organization than in an
organization where stability is higher and relationships last longer. If one admits
safety or quality deviations there may be a (experienced) threat of being replaced
or excluded from future work opportunities.

Creating a common understanding and facilitating shared cultural norms
through personnel training may also be challenging. Training results are short-
lived as there is a constant flux; companies and workers join the network and
others leave. The temporary nature of the project may also reduce motivation of
different parties to invest in joint development of activities and culture. In such a
fast-changing networked context, the shared time with various partners is short
and fragmented which sets constraints also for accumulation of lessons learned
through informal interactions.

The role of managers and leaders is emphasized in safety culture literature as
one of the main factors contributing to good or poor safety culture. One of the
IAEA’s (1991) characteristic of a good safety culture states that “leadership for
safety is clear”. In reality in complex networks leadership is distributed and most
likely incoherent and unclear to some degree. Networks are characterized by
multitude of managers and leaders, with varying perspectives and emphasis.
Therefore, it may be difficult to establish a clear vision of safety culture and the
necessary practical actions for its development.

Although parts of the organization change constantly, the cultural characteris-
tics begin to be more distinct as they become embedded in the concrete work
processes and practices of the network. Therefore, the practical development of
safety culture in networks is not only about behaviours of individuals at the sharp-
end, even though that might appear as the most tempting scope for the safety
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practitioners since the complex and adaptive structures and processes may seem
impossible to grasp. Safety culture development is largely framed by the overall
management approach, including the formal allocation of responsibilities and
power between actors, and therefore, safety culture experts should be involved in
those processes.

6.2.3 National culture differences

Difficulties in achieving a shared view on sufficiently good quality, acceptability of
a technical solution, open communication or distribution of responsibilities have
sometimes been attributed to national culture differences among the network
actors. However, although the assumption that national culture clashes may be-
come an obstacle for safe performance sounds commonsensical, it seems to be
difficult to make sense as to how to approach and take into account the national
cultural differences in safety culture.

One of the profound questions is can there be a global model of a good safety
culture (e.g. the IAEA model or the DISC model) or are the current models biased
by Western culture. For example, Moray (2000) claims that the results of ergo-
nomics research are not universally applicable. Is that the case with the theoretical
conceptualisations of safety culture as well? Certain safety culture characteristics,
for instance willingness for reporting safety concerns, may be more difficult to
achieve in e.g. East Asian countries (cf. Ruy & Meshkati 2014). Does that mean
that in those countries it is unrealistic to expect similar safety culture propensities
as in e.g. Nordic countries? We have taken a stance that normative models of
good safety culture such as the IAEA model or the DISC model should be under-
stood as universal ideal models, i.e. they should be globally applicable. However,
how the characteristics of good safety culture manifest in practice and how to
promote those characteristics will likely differ across different nations. For the
practitioners this means that the same safety measures will not likely be equally
effective across different groups.

Research on national culture differences and safety performance/culture has re-
lied mainly on Hofstede’s (1991) work with the aim to identify if certain national
cultural value dimensions (individualism-collectivism, uncertainty avoidance, pow-
er distance, masculinity-femininity) explain workers’ risk-taking behaviour (Mearns
& Yule 2009), behaviours and attitudes toward safety (Mohamed et al. 2009, Mer-
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rit and Helmreich 1996) or safety orientation (Havold 2007). Although some of the
Hofstede's cultural value dimensions have been associated with safety behaviours
or attitudes, e.g. high power distance may correlate with adhering to standard
operating procedures and extremely high collectivism may create groupthink is-
sues, the organisational culture characteristic may be more powerful determinants
of behaviour than the national culture dimensions (Mearns and Yule 2009). Deetz
(2014) also claims that national culture has greater impact in some societies than
in others. He refers to Taras et al. (2011) who suggest that in “culturally tight”
societies, such as Japan or Pakistan, the relationship between national culture
and workplace outcomes is stronger than in “culturally loose” societies, such as
u.s.

The Fukushima Daiichi accident pointed out that national culture may also play
a role in the formation of societal structures and systems which contribute to safe-
ty of nuclear power production, such as the regulatory regime and communication
processes between different actors (The National Diet of Japan 2012, Kinsella
2013). Although the international collaboration within the industry may create
shared cultural features in the nuclear domain (Ylénen 2015), the national differ-
ences embedded e.g. in the regulations may surface as culture clashes in the
multinational projects (see e.g. STUK 2011).

In subcontractor networks the activities and actors are heterogeneous, and
their cultures cannot be homogenized by any safety culture initiative — although
shared safety culture features can be promoted. The possible effects of national
culture on work activities, management styles and decision making structures will
likely be fairly persistent in temporary subcontractor networks. For the practitioners
knowledge on the national value dimensions or management styles in different
societies may be beneficial, since it allows anticipation of misunderstandings or
identification of areas requiring mutual agreements on working practices. It may
also help in developing an effective strategy for safety culture training sessions
and other interventions. However, being aware of one’s own national or domain
specific culture is the first crucial step in successful collaboration in multicultural
activities.
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6.2.4  The challenge of domain specific knowledge and understanding

Subcontractor companies might have little prior experience on nuclear power
industry and the national requirements. This is especially true in countries where
there is no large nuclear fleet and thus no established nuclear specific business
network. Expectations on nuclear specific working practices may not easily be
understood in the subcontractor companies even when communicated via project
specifications or formal contracts. Consequently, the subcontractors may fail to
follow procedures or to detect and communicate minor deficiencies. This may
actualise if an unexpected occurrence necessitates a local decision by the sub-
contractor supervisor. Following practices which are common for the conventional
industrial domain, rather than what are expected in the nuclear domain, have been
witnessed in subcontractors’ activities (cf. STUK 2006). These challenges are not
necessarily attitudinal issues as such, but rather, lack of basic information which is
needed in order to create adequate attentiveness. To internalise and commit to
the technical quality requirements and behavioural expectations, the actors need
to possess basic knowledge on nuclear power production processes, basic acci-
dent scenarios and safety principles. Furthermore, they need information on the
functionalities of the systems or components they were working on, and their role
in nuclear safety: how it is supposed to work during normal operations or if it has
specific requirements in severe accident condition (Oedewald et al. 2011, IAEA
2012).

A challenge is that the hazards may be difficult to understand. Complex sys-
tems pose countless opportunities for things to go wrong. Some of the mecha-
nisms involved are easy to perceive, some involve rare phenomena that only few
experts master. When subcontractors are increasingly used, it is important for the
overall safety that they know and understand in practice what is safe and what is
unsafe, and what are the safety consequences of their decisions and actions.
Although accident investigations have emphasized that insufficient understanding
of specific hazards is one of the underlying causes to accidents, few safety culture
models or development methods include knowledge or understanding of risks in
the agenda. Safety culture practitioners need to find strategies to convey this
knowledge to the subcontractors in a manageable and understandable way. Safe-
ty culture development should not focus solely on endorsing motivation for safety

115



compliance, it should also provide sufficient knowledge for doing that (cf. Dahl
2013).

6.3 Toward a model of safety culture in networks

Nuclear industry is often associated with a tradition of mechanistic management
models, technical focus, strict quality requirements and regulatory oversight. A
well-functioning organisation in nuclear domain emphasises clear requirements,
control and supervision. The management models utilized in the nuclear industry
can be characterised as a “culture of control” (Perin 2004) and top-down hierar-
chy: the regulators set the overall requirements, which the licensee needs to com-
ply with. The licensee requires the vendor to take the requirements into account,
who in turn translates these into applicable requirements for the contractors and
subcontractors. Although the aim is, presumably, to establish clear structures of
responsibility and decompose the tasks into manageable parts, the model does
not correspond with the reality of the features of the complex system it aims to
manage. The need for horizontal interactions between the subcontractor compa-
nies and their workers — to locally coordinate, solve problems and learn — seems
to be underestimated. The hierarchical management model may also hamper the
subcontractors’ commitment to the network activities, since the information the
downstream subcontractors gain may be narrow and delayed. They may lack
information on the big picture and generic lessons learned and become passive in
terms of delivering information concerning safety and progress of activities.
Gotcheva et al. (2012) have emphasised that more attention should be paid to
the interactions between the network parties, in addition to the culture of each of
the companies. The concept of heedful interrelating was originally defined as a
team-level phenomenon, related to the deliberate efforts of all team members to
interact and to reconsider the effects of their actions in terms of the goals and
actions of others and to the broader context (Weick and Roberts 1993). Gotcheva
et al. (2012) suggested that the term heedful interrelating could be applied to un-
derstand network interactions as well. If the network members are interrelating
heedfully, it is unlikely they will narrowly follow protocols or rely on over-learned
responses (Wears and Sutcliffe 2003). Instead, the network actors would develop
a mindset that they are part of a network, and that they need to care about the
others’ work activities. This requires development of contracting practices and
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well-functioning communication strategies in the network level. In that sense, the
actors who interact heedfully communicate in order to facilitate the pooling of
information, knowledge and experience in the network and facilitate the develop-
ment of shared mindset, understanding and work systems and structures (Figure
1).

Safe
activities

/ systems
and

/. systems Understan-
and ding -
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‘ Regulator ‘ | Plant supplier |

Figure 1. The structure, style and quality of the interactions within the network
are an important factor for safety culture. It affects the degree to which the individ-
ual parties’ cultural features will become aligned. The interaction process should
not be seen only as top-down control. (Adopted from Gotcheva et al. 2012.)

The Figure 1 illustrates that the network is complex and the relationships are
not merely hierarchical. It also points out that all parties have their own culture
(which is characterised by mindset, understanding and systems and structures).
Gotcheva et al. (2012) emphasised that the capability for the network for safety
emerges from both individual actors’ performance and the interactions between
the parties. Therefore the safety culture practitioners who work with complex sub-
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contractor networks should pay special attention to the climate, power, and com-
munication between the parties.

Similarly the network management studies by Ruuska et al. (2009) and Choi et
al. (2001) imply that to improve the success of complex projects the networks
should be managed both as a single entity and as a collection of partially autono-
mous partners. Complex adaptive systems studies talk about polycentric govern-
ance (Woods & Branlat 2011). Polycentric control or governance means that each
actor of a network has sufficient autonomy and power to make own decisions and
take action within its specific domain of competence, while at the same time is
partially responsible for achieving a shared goal. Applying polycentric governance
would overcome two issues in safety culture development in networks. First, it
does not see downstream subcontractors as passive actors but as active partners
in developing a shared culture. Second, it perceives horizontal interactions be-
tween the other partners as important, in contrast to the bilateral information flow
style in a hierarchy, as they allow the parties to share knowledge and to get to
know each other, which facilities shared cultural features also in terms of safety.

A management strategy which allows more autonomy may seem impossible in
the nuclear industry which relies on supervision and control as the means to en-
sure safety. Grote (2009, 2004), has tackled this issue in her work. She indicated
that the difficulty in finding a safety management approach is in essence a prob-
lem of finding a way to handle uncertainty. Many organizations in safety critical
domains tend to apply a strategy of “minimizing uncertainty” even when effective
action would require “coping with uncertainties”, which means more degrees of
freedom and autonomy. Grote (2009) claims that in safety critical domains both
(intuitively exclusive) strategies are needed at the same time. She suggests that
the ability of the organization to balance between these two strategies could be
viewed as one characteristic of a good safety culture. In other words the organisa-
tion should be able to create cultural norms concerning where strict and pre-
scribed working practices need to be followed and enforced and where flexibility
and local adjustment is allowed. However, Grote (2004) pointed out an important
precondition for applying the coping with uncertainty strategy: the actors need to
be well informed about the boundaries of safe actions. In a heterogeneous sub-
contractor network this precondition is not easy to fulfil: often many subcontractors
have no experience in nuclear industry and know little on their work scope and its
safety significance. Therefore, in order to cope with uncertainties and to increase
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adaptability, the knowledge level of the actors in a network needs to be improved
through selection, training or some specific and relevant involvement of the sub-
contractors in the nuclear domain.

Also Reiman et al. (2015) came up with a conclusion that when dealing with
complex and self-adaptive systems effective safety management is about balanc-
ing tensions. They summarised trade-offs that management of complex adaptive
systems face but which can never be “resolved” (Figure 2). Each management

strategy (in both ends of the continuum) carries different set of values.
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SYSTEMATIC RESPONSE P .
\ y AN J
4 Y
LOW SYSTEM FEW STRONG TIES
VARIANCE

Figure 2. The model of trade-offs when managing complex adaptive safety critical

systems. Adopted from Reiman et al. (2015)

The model by Reiman et al. (2015) suggests that trade-offs are made with respect
to:

e responding to contingencies (cf. with Grote 2004): whether they aim at
building flexibility and adaptability, or repeatable and systematic re-
sponses

e role of variance in the systems: whether variance is perceived as requi-
site variability, or whether it is controlled and reduced (cf. cultural diversi-
ty in network)

o role of strong and weak ties: whether organisation facilitate multiple but
weak contacts which are less intense emotionally but which facilitate in-
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formation flow, or if there are fewer, clear connections but which allow
strong local subgroup cohesion (cf. hierarchical management vs. network
governance).

e locus of goals: whether organisation emphasises shared goals such as
safety and profitability, or local goals of achieving immediate interests
such as getting the work done in a subunit and saving time.

The lesson learned from the complex systems studies to network safety culture is
that the culture in a network should fall in between the two extremes, or rather it
should be able to utilise both strategies flexibly. It means that the practical safety
culture initiatives with the subcontractor companies and their workers need to go
beyond talking about straightforward safety compliance.

6.4 Conclusions

Even though it may be challenging to apply the concept of safety culture in a large,
heterogeneous, dynamic, and geographically disperse network of subcontractors it
is precisely because of those conditions why it should be done. Social and cultural
phenomena that arise from the interactions of the network of actors cannot be
effectively controlled by formal management approaches. The power of culture is
that some of the safety relevant conceptions, knowledge, values and norms be-
come internalized among the members of the organization, which creates intrinsic
motivation, serve as coordination mechanisms and reduce uncertainties (Weick
1987).

In network organizations it is challenging to assess and to develop safety cul-
ture due to the practical difficulties in crossing organizational boundaries when
inquiring and aiming to change deeply ingrained cultural norms, values and as-
sumptions. Achieving trust, vision and continuity in temporary project settings is
also a challenge which the practitioners need to overcome. Therefore safety cul-
ture need to be considered already during the contracting phase and the man-
agement at the different levels and locations of the network need to be involved in
the definition of the common expectations.

The tension relating to the scope of safety culture development: whether safety
culture should aim at fostering compliance (minimising uncertainties) or to create
capabilities to deal with various challenges (coping with uncertainties) needs more
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nuanced discussion among practitioners. The solution provided by the scientists is
that the organisation should find a balance between the two options, but the practi-
tioners challenge is to determine how they can facilitate two seemingly contradic-
tory strategies at the same time, without vitiating each of them.

A parallel challenge is the cultural heterogeneity of the actors. It underlines the
question whether the culture in the network can be fragmented and loose, but still
a good safety culture. Again, the answer seems to be paradoxical: the diversity
should be allowed but shared cultural features facilitated. Shared vision of safety
as an important aim and sufficient knowledge on the actual hazards and safety
features of each activity needs to permeate throughout the network. Similarly,
working practice expectations needs to be mutually understood but the specific
behavioural manifestations of safe work and challenges in living up to the safety
expectations will likely take different forms in the various groups. Therefore, find-
ing a balance between executing systematic approaches vs. developing local
solutions is also a challenge that the safety culture practitioner needs to consider
in his/her own work.
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