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Abstract

The objective of this paper is to explore how cultural challenges in the pre-operational phases of a nuclear
power plant project (e.g. design, construction and commissioning) create prerequisites for development of
resilience in latter phases of the project. Organizational processes and practices, beliefs, assumptions and
understanding about safety developed in one lifecycle phase might not be fully relevant for the next phase.
The study indicates that challenges in different phases are related to the extent of tangibility of the nuclear
safety concept, magnitude of technical and organizational project complexity, extent of subcontracting,
organizing of the project activities, or the priority given to nuclear-specific knowledge and understanding.
Resilience management approaches should take into account the different cultural features of the lifecycle
phases and how they affect safety. Accordingly, the means to support resilience should be adapted according
to the specific cultural challenges in each phase. The paper highlights the significance of the pre-operational
phases for making informed decisions to create and manage resilience throughout the nuclear power plant
lifecycle.

1 INTRODUCTION

Many activities in contemporary large-scale nuclear energy projects are carried out by complex networks of
multinational actors. Networks are seen as a dynamic set of actors who collaborate to achieve shared goals
and generate value (Camarinha-Matos et al., 2009). However, the diversity of perspectives in large projects
brought by multiple project partners often brings tensions, fragmentation and power issues. Although actors
generally agree upon the core goals of the project, they might not share the same goals and priorities due to
different roles, responsibilities and perspectives. Also, compared to single organizations, in temporary project
networks it is more difficult to hold actors accountable for results and safety performance.

A general intrinsic challenge in the nuclear industry is ensuring the long lifespan of an operational nuclear
power plant, which brings requirements for modernizations, maintaining mindfulness, managing the effects of
aging, or preparing for internal or external turbulences. Provided that the lifetime of nuclear power plants
encompass several decades and beyond, the relevance of resilience as a long-term ability to adapt and thrive
in the face of changes and uncertainty is evident. The range and nature of activities in large-scale nuclear
energy projects bring new challenges for creating and managing resilience. Resilience Engineering tradition
sees resilience as the intrinsic ability of an organisation to adjust its functioning prior to, during, or following
both expected and unexpected changes and disturbances (Hollnagel et al., 2011). The core resilience abilities
to anticipate, monitor, respond and learn developed during one lifecycle phase might be dysfunctional in the
next phase due to changes in the characteristics of the system. This could be referred to different
organizational core task of each phase (i.e. the shared objective or purpose of organizational activity),
associated hazards, ways of organizing and competence requirements (Reiman & Oedewald, 2007).

The research question to be addressed in this paper is how cultural challenges, identified in the pre-
operational phases set conditions, which might affect the development of resilience in latter phases of the
lifetime. The focus of this study is on pre-operational phases, more specifically, design, construction and
commissioning, since they offer valuable opportunities to identify and correct possible issues before the
operational phase actualizes. For example, it has been recognized that decisions taken during the design phase
might have significant consequences on, e.g. maintenance, waste handling and the costs for final
decommissioning of the plant (IAEA, 2002).

The paper summarizes and extends a research, which utilized international reports, scientific publications and



the authors’ experience from empirical projects on safety culture and organizational evaluations in different
lifecycle phases in large-scale nuclear power projects (Gotcheva & Oedewald, 2015).

2 LIFECYCLE MANAGEMENT IN COMPLEX NUCLEAR POWER PLANT PROJECTS

The lifecycle of a new nuclear power plant consists of five phases (Fig. 1), such as pre-project, project decision-
making, construction (including design, construction, installation and commissioning), operation and

decommissioning phases, which can be grouped into pre-operational, operational and post-operational phases
(IAEA, 2007; 2012).
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Figure 1.Nuclear power plant’s lifecycle (based on IAEA, 2007)

This paper focuses explicitly on design, construction and commissioning activities, which are seen as a part of
the construction phase in the nuclear power plant’s lifecycle. In the pre-operational phases of a large nuclear
project multitude of organizations from different nationalities and professional backgrounds are involved in a
broad range of activities. These are usually subcontractor organizations, which might have very limited nuclear
experience and insufficient knowledge of nuclear safety requirements, and often speak different languages,
which create challenges for coordination, management, accountability and communication (IAEA, 2012). In the
pre-operational phases the nuclear fuel and associated hazards are absent from the site until the initial fuel
loading, which challenges the relevance of applying the safety culture concept.

Traditionally, the concept of safety culture in nuclear domain has been associated with nuclear hazards;
therefore it may be difficult to understand its relevance in phases where nuclear fuel is not present. Safety
culture is seen as an organization’s potential for safety (Reiman & Oedewald 2009, Oedewald et al. 2011). If
safety culture principles and practices are not adequately understood and applied from the very beginning of
the project, there is a risk of latent and actualized deficiencies, project management issues, and overall safety
issues during operation of the plant, which applies to both new nuclear build and big modernization projects in
existing plants (Ruuska et al., 2011; IAEA, 2012). Recent research indicated that problems related to quality
assurance, coordination and communication in early phases of large construction projects tend to cascade and
manifest in the later construction phase (Albrechtsen & Hovden, 2014). Current experience in the Nordic
nuclear industry sector points out that there are challenges associated with creating and sustaining a good
safety culture during the pre-operational phases (e.g. Oedewald & Gotcheva, in press; Oedewald et al., 2011b;
Gotcheva et al., 2014; Macchi et. al, 2014).

Main challenges associated with safety culture during pre-operational phases of large nuclear power projects
were identified by IAEA (2012) as follows: 1) many organizations with limited direct experience and insufficient
knowledge of nuclear safety requirements may be involved in various activities at the site; 2) a wide range of



organizations are typically involved in pre-operational activities, which poses challenges for coordination,
management and accountability; 3) projects may involve many different nationalities and cultures, which can
result in communication challenges; and 4) new build nuclear power plant sites may be located in countries
with no mature nuclear industry, nuclear knowledge and infrastructure, or in countries with a mature industry
but with limited or no recent experience.

These issues bring complex interrelations and localized adaptations, which have the potential to aggregate and
to generate emergent phenomena or system-wide patterns, which should be anticipated and managed
(Eoyang & Holladay, 2013). Nuclear power plant projects can be seen as complex adaptive systems (CAS), since
they represent a collection of semi-independent agents, in which inputs are not necessarily proportional to
outputs, and which have the ability to learn and adapt to changes (McMillan, 2008). These systems are highly
sensitive to their initial conditions: the so called “butterfly effect” implies that small differences in the initial
conditions can lead to a wide range of outcomes.

In that sense, what works in one lifecycle phase cannot be simply replicated in another phase because each
one has distinct characteristics. Crosby (2012) studied building resilience in large high-technology projects and
indicated that early adoption of certain approaches and launch conditions have the capacity to position a
project for resilience in its later phases of the lifecycle. For example, paying attention to “front-end shaping”,
which builds resilience by alignment of all parties with a common objective and setting launch conditions, such
as a clearly defined mission, clear reporting and decision structures, preparation for unexpected risks and
awareness of the external environment, as well as establishing deliberate support for collaborative
relationships and structures, including contractors. This implies that we need to better understand the initial
characteristics and typical human, organizational and cultural challenges, experienced in the pre-operational
phases of the lifecycle in order to create potential for creating and managing resilience throughout the whole
lifecycle.

3 CULTURAL CHALLENGES DURING PRE-OPERATIONAL PHASES OF NUCLEAR POWER
PROJECTS

The following sections summarize the main results; that is, the cultural and organizational challenges that arise
in the different lifecycle phases of a nuclear power plant project (for a more detailed report on safety culture
challenges in large nuclear projects see Gotcheva & Oedewald, 2015).

3.1 Design phase

Design in the nuclear industry is a collective process and coordinated effort between multiple parties, such as
the licensee, the regulator, the vendor and a large network of design organisations, which sets demands on
collaboration activities, sharing of responsibilities and communication concerning safety requirements and
priorities. Distributing roles and responsibilities between different stakeholders in design is challenging,
especially in the beginning of a project when relationships and organisational structures are still establishing.
Design involves effective requirements management: identifying, finding, understanding and implementing
various requirements. In addition, national regulatory requirements should be thoroughly understood by
foreign designers. When multiple organizations are involved, designers’ sense of responsibility for safety and
functioning of the end-product may be challenged due to their physical or psychological distance from the
end-users and their local context, which poses a risk for suboptimal solutions. This implies that to develop
resilient design, a culture which encourage open reporting of safety or quality concerns should be developed.
Besides, designers’ knowledge on the broader context and use of the systems in the plant should be
enhanced. It is difficult to standardize the conceptual stage of design with detailed instructions and
requirements. There is a large amount of requirements and their interpretations among designers might differ.
There is a need to manage tensions and to develop a systemic view in design, including technical and non-
technical understanding such as materials behaviour, end user’s needs and future operational context.
Psychologically, in this phase nuclear safety is a distant concept, which may contribute to a limited sense of
responsibility for the end-product and the overall plant safety.

3.2 Construction phase

In the construction phase it is challenging to ensure that the large number of actors, e.g. subcontractors, in a
complex temporary multinational network have a sufficient safety understanding. Provided that the majority
of the construction subcontractors usually work in non-nuclear domain, where the requirements and
vocabulary are different, it is not easy to understand what is safe and what is unsafe, especially when



immediate nuclear hazards are not yet present at the site. Also, when multinational workforce in involved in
the construction field, language and cultural barriers could complicate understanding of the need to follow
procedures and nuclear specific requirements, which could compromise safety. Therefore, collaborative
relationships with contractors need to be supported and developed, especially since the construction context
is highly dynamic: the constant flux of companies and workers disturbs the process of shared learning through
training and knowledge transfer. Another challenge is that traditionally, construction industry is focused on
occupational safety rather than on system safety. Construction industry utilizes hierarchical management
model, which emphasises bilateral interactions and information exchange and focus on efficiency, which might
have undesirable effects on safety.

33 Commissioning phase

Commissioning is a critical phase in the nuclear power plant lifecycle because it aims at demonstrating and
verifying that the constructed components, systems and structures are operational and done in accordance
with the design specifications (IAEA, 2014). Unidentified deficiencies in this nuclear safety critical phase could
remain major latent failures for a long time after the reactor starts operation (Zerger and Noél, 2011). Dealing
with possible deficiencies during the commissioning phase requires deep knowledge, prompt and prudent
judgement and managerial excellence (Cagno et al., 2002).

Commissioning involves more tangible safety risks compared to design and construction insofar as loading of
nuclear fuel is part of commissioning. After the fuel loading, the commissioning tests require the same
attention to nuclear safety as during the operational phase. In this phase, fragmented problem solving process
might impede communication and coordination, and cloud the big picture. Hence, integration of activities and
management of the unexpected are required during the commissioning process because of the increased
organizational and technical complexity. Commissioning activities require a deep understanding of the nuclear
specific quality requirements, which makes it different from construction work since the hazards of the nuclear
fuel are present at the site after the fuel loading, and the systems are actually used, not only constructed or
designed; the empirical findings stemming from using the systems need to interpreted against the design
basis.In addition, the increased organizational and technical complexity requires a systemic view for dealing
with expected and unexpected conditions.

3 DISCUSSION

To enhance the overall resilience of the future plant, it is important to understand how the pre-operational
lifecycle phases of a nuclear power plant project create prerequisites for developing resilience in the next
phases. Hence, the discussion focuses on the lifecycle phase interactions and the possible relations to the
resilience cornerstones.

The design phase sets some of the key preconditions for self-organising later in the project. If this effect is not
considered, e.g. by means of including end-users who actually operate the plant in design activities, the
designers may not understand or anticipate correctly how the system will evolve and self-organise when it is
taken into operation. Design is also incorporating lessons learned from previous experiences concerning the
nuclear power plants. Active involvement of the licensee and the regulator early in the design process is critical
for anticipating the risks for costly and time-consuming design changes, which might have effects on safety in
the later phases. The design solutions are crucial for the capability for monitoring and responding as well, yet
the designers need to understand how these activities should be carried out and integrated in the design
process. Organizational systems and structures should support the coordination and shared learning between
different stakeholders in the design process, such as the licensee, the regulator, design organizations, external
consultants, subcontractors, etc. Safety should be made a more tangible concept for designers, and thus
improving their sense of responsibility for the final outcome and the overall plant safety.

In the construction phase there are multiple interactions between a large number of actors in the project,
which creates preconditions for patterns of coordination to arise out of the local interactions in a highly
dynamic context. Construction provides opportunities to monitor if there are needs for modifications in case
of weak or dysfunctional design solutions, which could jeopardize safety of the future power plant. The
resilience development approaches should take into account the challenge of prioritizing quality and safety in
a context of multitude of international construction workers, who are typically involved in non-nuclear
industries. Thus subcontractors need to be involved and supported in understanding the nuclear specific
hazards, since otherwise their ability to anticipate potential risks and react adequately to disruptions could be
diminished.



In the nuclear industry, commissioning refers to proving the resilience of a safety-critical system before it is put
in operation. In a way, the commissioning phase “acquire” the conditions of the plant, shaped by the
developments during the design and construction. The activities are focused on noticing and fixing possible
deficiencies from the previous phases, and testing the components and systems against design and safety
requirements. Anticipating the potential safety impacts of specific actions or decisions during commissioning
requires solid knowledge in technical characteristics, hazards and system behavior. This cornerstone of
resilience may be challenging to achieve when utilizing subcontractors in safety critical activities. Learning
from past experiences and understanding of the big picture actualizes in commissioning phase because there is
a need to verify that the systems are safe. The safety risks related to the nuclear fuel loading stage bring
pressure for dealing with the unexpected, just like in operational plants. The increased social and technical
complexity in this phase requires effective coordination and clear roles and responsibilities. From resilience
cornerstones perspective it can be stated that during commissioning there is a need to create an ability to
anticipate how the plant will function in the future, develop organisational capabilities for monitoring and
responding to expected and unexpected plant behaviors. Overall, this process can be seen as a learning
journey, which is documented carefully and often under time pressure.

Organisations evolve dynamically throughout their lifetime and are often characterised as being sensitive to
initial conditions. This notion could be applied also to complex nuclear power plant projects. The resilience
abilities developed during one lifecycle phase might prove to be dysfunctional if applied directly in the next
phase. For instance, organizations might have developed practices to respond to certain conditions during the
construction phase, such as the huge number of subcontractors from different nationalities, which might be
dysfunctional for the commissioning phase, where there are typically less staff and less foreign subcontractors
involved. Learning from past events can be problematic in project-based organizations since there might be
not sufficient time to reflect, to communicate and to share experiences among different actors due to the
temporal context and changes of personnel. It can be argued that although each of the lifecycle phases affects
the overall resilience of the future power plant, the pre-operational phases set conditions, which influence
significantly the long-term ability of the actors in a project network to continuously adjust to or recover from
changes and disturbances.

4 CONCLUSION

This paper highlighted the significance of pre-operational phases for developing resilience throughout the
nuclear power plant lifecycle by pointing to the need to capture the dynamics of the pre-operational phases
and develop an understanding on the cultural challenges that might have an effect on safety. Organisations
evolve dynamically throughout their lifetime and are often characterised as being sensitive to their initial
conditions. Understanding the characteristics, behaviour of the system and the challenges organizations face
early in the lifetime allow making informed decisions to create and manage resilience in latter phases. This
understanding supports the timely and sufficient development of system capabilities for safety and coping
with varying conditions throughout the lifecycle. In other words, this enhances the ability of organizations to
recognize outdated practices and to develop flexibility to revise the relevance of communications, decision
processes, procedures and systems during each lifecycle phase. In this paper we argue that the culture, which
steers the way workers think and behave in latter phases of the lifecycle, is set in the pre-operational phases,
and it includes the formation of structures and practices, values, attitudes, knowledge and understanding.
Changing this interlocking set of cultural features is a large-scale and long-time undertaking. Therefore, if from
the beginning an organization is developed in a dysfunctional way, it might be more difficult to manage
resilience in the later phases. Since organizational challenges differ between the phases, the means to support
and sustain resilience might need to adapt accordingly.
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