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ABSTRACT:

This report summarises the needs identified up to the time of writing for the development of
courses in Nuclear Safety Culture to be prepared and delivered in the frame of WP5 of the ANNETTE
Project. The main sources of information adopted to collect the needed input for this report are the
results obtained in the frame of the NUSHARE project, presently being completed, the survey
performed in WP1 and the interaction with stakeholders performed in WP2. The experience of ENEN
in leading the NUSHARE project and its inheriting the TRASNUSAFE project courses, through a formal

agreement, are also at the basis of the achieved conclusions.
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1. INTRODUCTION

The ANNETTE Project (Advanced Networking for Nuclear Education and Training and Transfer of
Expertise) has the main objective to set up a major coordination of nuclear Education and Training
(E&T) in Europe, with a long lasting impact through a sustainable structure of courses delivered by

different course providers.

Within the ANNETTE project, WP5 has the objective of “Reinforcing Education and Training and
Information (ETI) actions for sharing and enhancing nuclear safety culture competence” a goal

introduced in the wake of the NUSHARE (http://www.enen-assoc.org/en/training/nushare.html) and

the TRASNUSAFE projects (http://trasnusafe.eu/), both related to Nuclear Safety Culture in different

sectors and for different target groups. In particular:

e the TRASNUSAFE project was funded by the European Commission to design, develop and validate
training schemes on nuclear safety culture for professionals operating at a high level of managerial
responsibility in the industrial and medical sectors; the Université Catholique de Louvain (UCL) was
the Coordinator and the European Nuclear Education Network (ENEN) was one of the 18 partners;
the result of the project was the delivery of 5 Eurocourses addressing the following subjects:

o EuroCourse 1: Managerial Competences and Leadership For Safety Culture: A course for
managers in the nuclear sector

o EuroCourse 2: Setting Up A Management System, A course for managers in the radiological
sector

o EuroCourse 3: Economic Relevance Of Safety Culture In Medical Applications, A course for
managers in the radiological sector

o EuroCourse 4: Observation Techniques, A course for managers in the nuclear sector

o EuroCourse 5: Compliance Of Contractors With Safety Systems, A course for managers in
the nuclear sector

e the NUSHARE project, instead, was coordinated directly by ENEN as “named beneficiary” and, at
the beginning, had as third parties the Polytechnical University of Madrid (UPM), TECNATOM, CEA-
INSTN, while ENSTTI was a subcontractor; later on, the progress of the project suggested the
inclusion of other partners or co-operators as I1SaR, IRSN, INBEx and the World Federation of

Science Journalists (WFSJ, http://wfsj.org/v2/ ) together with personalities of renown competence
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in the field of nuclear safety culture; the challenging objective of the project was the development
of training schemes for three target groups:
o Target Group 1: Policy decision makers and opinion leaders (assigned to CEA-INSTN and
later to IRSN, WFSJ and other competent personalities and bodies)
o Target Group 2: Nuclear Regulatory Authorities and Technical Safety Organisations (taken
care of by ENSTTI)
o Target Group 3: Electric utilities and Suppliers (taken care of by TECNATOM)

The TRANSUSAFE Project has been completed long ago and a MoU has being signed between the
TRASNUSAFE Consortium and ENEN in order to provide sustainability to the produced courses via the
actions of the Association. This is an example of one of the “new roles” assigned to ENEN in the last
years in the panorama of nuclear E&T in Europe, namely to give long term sustainability to the results
of European Fission Training Schemes (EFTS) whose products, after the running of the related project,
would remain without proper exploitation. The MoU binds ENEN to propose the courses developed by
TRASNUSAFE for a minimum of five years after the signature, hosting within the structure of the
Association a specific Working Group. The DoW of ANNETTE made explicit reference to the courses of
TRASNUSAFE, putting among the objectives of WP5 to “Include the courses inherited by the
TRASNUSAFE Project within the Advanced European Programme for CPD”. So these 5 courses will enrich
the offer for the “master” and “summer school” for CPD being developed within WP2 of the project
(Design and implementation of coordinated E&T and VET efforts), together with the other courses that

will be developed within WP5 in addition to them.

On the other hand, NUSHARE is going to be completed at the end of June 2017, after developing
courses for the addressed target groups. In closing the project, it will be decided if the courses
developed within NUSHARE will be also available for further offer under the aegis of ANNETTE, thus
guaranteeing their sustainability. Certainly, an interesting “Educational Media” developed by the
World Federation of Science Journalists, already completed and recently published on the WFSJ

website(http://www.wfsj.org/nuclear/), will constitute a very good reference for journalists and

politicians wishing to get a basic knowledge of nuclear energy and of its implications in terms of nuclear

safety culture, a concept quite difficult to explain to the general public.
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Task 5.1 in WP5 is defined as follows:
“T5.1 IDENTIFY THE SPECIFIC NEEDS FOR COURSES ON NUCLEAR SAFETY CULTURE

The need to complement the actions carried out by NUSHARE, by setting up courses for continuous
professional development of professionals, will be discussed with the Participants in the NUSHARE
Project, with members of the Advisory Board, including EHRO-N and representatives of the platforms,
and by the distribution of questionnaires to relevant stakeholders. The conclusions obtained will suggest
the most appropriate form to be adopted for the coordinated E&T activity together with the main gaps

to be filled in the different nuclear sectors.”

A questionnaire including questions also related to nuclear safety culture as a subject matter of courses
was distributed in the frame of WP1, addressing a varied public. The questionnaire distributed to
Stakeholders in the frame of WP2, instead, did not mention any specific matter, asking to the
stakeholders which matters were considered more important for the different categories of learners;
it is worth anticipating that answers related to nuclear safety culture as an important matter were

received.

The partners in the NUSHARE project were also consulted to get the lesson learned from their
experience. Though further internal elaboration within the ANNETTE consortium and further contacts
with Stakeholders will enrich the awareness about the needs for courses in the field of Nuclear Safety
Culture, we are now in the position to propose a rather clear picture of the present needs for courses

in this field.
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2. THE NUSHARE PROJECT AND THE CONCEPT OF NUCLEAR SAFETY CULTURE

2.1 Motivations for the NUSHARE Project

The NUSHARE project (Project for Sharing & Growing Nuclear Safety Culture Competence)
originated as a Euratom Education, Training and Information (ETI) initiative proposed by the
Cabinets of Commissioner Mrs. Maire Geoghegan Quinn (Research and Innovation) and
Commissioner Mr. Glinther Oettinger (Energy) after the Great East Japan Earthquake on 11 March
2011. This initiative was made in collaboration with DG ENER and DG JRC as well as DG EAC and DG
DEVCO. It was a "Support action" of 4 years duration, launched under the modified Euratom work
programme 2012 (adopted on 25 June 2012) through a "grant to named beneficiary" (i.e., the ENEN

Association) and started early in 2013.

Admittedly, the event triggering this renewed interest for nuclear safety culture (NSC) in Europe
was the observation that the enhancement of a proper NSC could have avoided the Chernobyl and
Fukushima severe accidents which, in addition to the direct harm posed to population and property,
caused immense damage to the image of nuclear energy throughout the world. It must be
recognised that this bad image, on top of the other ethical problems of responsibility for the health
of workers and population, has a tremendous impact on the development of nuclear technology,
causing fireback in energy policies that lead to starvation of the technology itself. This has the bad
consequence to deprive mankind in the medium term of that development that would lead to an

improved and safer use of the most intensive energy source known nowadays.

2.2 Need for Nuclear Safety Culture

From the above reasoning, it can be thus inferred that a good safety culture is needed not only to
fulfil the necessary requirements of protection of population and environment from the hazard
posed by ionising radiations, but it is also becoming one of a distinctive features of a complex
technology that aims to steadily progress and achieve the objective of becoming the hope for a
more sustainable future for a worldwide growing population in search of better life standards. The
analyses of the needs in terms nuclear workforce reported in [1] and thoroughly commented in [2]
sometimes report that “the distribution of the duration of work experience among the nuclear
sector personnel resembles a two-humped camel”, owing to the occurrence of accidents and to

their consequences in decreasing the attractiveness of nuclear careers in some period. This
ANNETTE
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represents a tremendous waste of resources that has no counterpart in any other technology in
which man-made accidents do occur without such a relevant impact on the progress of the

technology itself.

So, in addition to the primary attention to safety as a fundamental value embedded in nuclear
technology since the very beginning (e.g., since the Chicago Pile 1 run by Fermi and collaborators),
a proper nuclear safety culture is becoming the very necessary condition for survival and steady
progress of nuclear technology in the hostile environment created by energy policy volatility and

public fears.

2.3 IAEA Definition of Nuclear Safety Culture

It is interesting to note that the term “nuclear safety culture” is reported to be introduced by IAEA
in the aftermath of the Chernobyl accident, in order to emphasise the need for an attitude
privileging nuclear safety as a core value, above any other concern. One of the lessons learned from
the Chernobyl accident, in fact, was that safety must be considered the top concern at any
organisational level, involving not only clear procedures, but also a specific attitude or mind-set that
should permeate all the organisations dealing with nuclear energy. These concepts are now a part
of the safety culture in any industrial environment and are one of the subjects mostly stressed in
courses for personnel involved in safety relevant activities. However, in the nuclear field, nuclear

safety culture has a particular worth, very well expressed in IAEA and INPO reports [3-5].

In particular, it is worth reporting integrally from the summary of the IAEA INSAG-4 report [3] (INSAG
stays for International Nuclear Safety Advisory Group) how nuclear safety culture is defined and

perceived as a major issue, involving personal attitudes at any organisational level.

“The response to a previous publication by the International Nuclear Safety Advisory Group (INSAG),
No. 75-INSAG-3, Basic Safety Principles for Nuclear Power Plants’, indicated a broad international
interest in expansion of the concept of Safety Culture, in such a way that its effectiveness in particular
cases may be judged. The present report responds to that need. It is directed especially to the senior
management of all organizations whose activities affect nuclear plant safety.

In embarking on a report on Safety Culture, INSAG was faced with the fact that the concept has not
been fully charted in previous studies, and there is no consensus on the meaning of Safety Culture. In
seeking to develop views that will be commonly shared and have important value in application, INSAG
found it necessary to explore deeply the general factors which contribute to a satisfactory nuclear
safety regime. The outcome is a document which represents the common view of INSAG members.
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The first proposition presented by INSAG is the definition of Safety Culture:

Safety culture is that assembly of characteristics and attitudes in organizations and individuals
which establishes that, as an overriding priority, nuclear plant safety issues receive the
attention warranted by their significance.

This statement was carefully composed to emphasize that Safety Culture is attitudinal as well as
structural, relates both to organizations and individuals, and concerns the requirement to match all
safety issues with appropriate perceptions and action.

The definition relates Safety Culture to personal attitudes and habits of thought and to the style of
organizations. A second proposition then follows, namely that such matters are generally intangible;
that nevertheless such qualities lead to tangible manifestations; and that a principal requirement is the
development of means to use the tangible manifestations to test what is underlying. INSAG takes the
view that sound procedures and good practices are not fully adequate if merely practised
mechanically. This leads to a third proposition: that Safety Culture requires all duties important to
safety to be carried out correctly, with alertness, due thought and full knowledge, sound judgement
and a proper sense of accountability.

In its manifestation, Safety Culture has two major components: the framework determined by
organizational policy and by managerial action, and the response of individuals in working within
and benefiting by the framework. Success depends, however, on commitment and competence,
provided both in the policy and managerial context and by individuals themselves” [3]

The above text stresses the managerial / procedural aspect of nuclear safety culture, which relate
to the planned and systematic nature of its application, as well as the behavioural aspects: there is
no possibility to actually enforce a proper nuclear safety culture, unless it involves the personal

attitudes and convictions at all levels in an organisation.

In some sense, it is surprising or, on the contrary, can be fully expected (depending on personal
experience) that a complex technology such as the nuclear one cannot be applied in its entirety
unless those who operate in it have a full awareness of the importance that each necessary action
is performed bearing in mind safety, as the unavoidable condition to be satisfied. Exploiting the
benefits of nuclear energy in favour of mankind cannot involve any compromise with the essential
requirements to safeguard the wellbeing of personnel and population and of the environment in

which they live.

So, according to the IAEA’s view, safety culture implementation is only partly related with the
fulfilment of prescriptions, since it involves behavioural aspects whose implementation requires
specific knowledge, skills and attitudes (KSA) to be developed. This is clearly represented in Figure
1 showing three essential levels of implementation of NSC, involving: “policy level commitment”,
“managers’ commitment” and “individuals’ commitment”. The latter aspect involves a “questioning
ANNETTE
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attitude”, a “rigorous and prudent approach” and “communication”. In other words, responding to
specific protocols in performing actions is not enough for assuring nuclear safety culture, unless this
is accompanied by a profoundly embedded attitude towards the critical analysis of any decision in

view of safety as the overwhelming priority.

In some sense, running a complex activity like the use of nuclear energy (but other examples are
available) requires to involve the sphere of personal convictions and attitudes. In this frame,

technology implementation ultimately involves to adapt the personal view of each involved actor.

Statement of
safety policy

Management
structures

Policy level
commitment

— Resources

“—  Self-regulation

Definition of
responsibilities

Definition and
control of safety —

practices
Qualifications Managers’
and training commitment

Rewards and
sanctions

Audit, review
and comparison

Questioning
attitude
Individuals’ Rigorous and
commitment prudent approach

Communication

Safety
culture

Figure 1. lllustration of the presentation of safety culture from INSAG-4 [3].
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It is not surprising that the Agency of “atoms for peace” introduced these concepts going well
beyond the simple application of rules and regulations, since its underlying vision stems from the
speech of President Dwight Eisenhower in 1953, who clearly saw the unifying power that nuclear
energy was exerting in the history of mankind when he said:

“In fact, we did no more than crystallize a hope that was developing in many minds in many places ...
the splitting of the atom may lead to the unifying of the entire divided world.”
(see e.g., https://www.iaea.org/about/overview/history)

So, the peaceful application of nuclear energy since the very beginning implied a change in mind-
set for those who are involved in its development. No surprise, then, that the implementation of

nuclear safety is attaining to the level of personal convictions and behaviour.

2.3 INPO Definition of Nuclear Safety Culture
Provided there is any doubt on the fact that such a view may be actually applicable or even liked in
an industrial world led by the rules of profit, “in addressing [the recommendations of the Kemeny
Commission established after the TMI-2 accident], the nuclear power industry:

e established INPO — the Institute of Nuclear Power Operations;

e charged INPO with a mission that we continue to pursue today:

To promote the highest levels of safety and reliability — to promote excellence — in the
operation of commercial nuclear power plants”

(see http://www.inpo.info/AboutUs.htm#mission )

In 2013, INPO published an interesting report [5] devoted to the “Traits of a Healthy Nuclear Safety
Culture”. The report is amazingly rich of descriptions and practical illustrations of the “traits” which,
coming from a pretty industrial environment, are absolutely convincing about the need and
feasibility of a “healthy” nuclear safety culture. A slightly different definition of nuclear safety
culture is reported in the report with respect to the one of IAEA:
“Nuclear safety culture is defined as the core values and behaviors resulting from a collective
commitment by leaders and individuals to emphasize safety over competing goals to ensure
protection of people and the environment.” [5]
This definition is not conflicting with the one proposed by IAEA, though it emphasises the roles of

leaders and individuals in reaching the common goal of safety. It is also added that:
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“This updated definition was developed to apply broadly across all industries that use nuclear
technologies. For the commercial nuclear power industry, nuclear safety remains the
overriding priority. Although the same traits apply to radiological safety, industrial safety,
security, and environmental safety, nuclear safety is the first value adopted at a nuclear station
and is never abandoned.” [5]
The “traits” described in the report are split into three categories, also in similarity with what
proposed by IAEA. The categories and the related traits are described as follows:
e Individual Commitment to Safety
— Personal Accountability
— Questioning Attitude
— Effective Safety Communication
e Management Commitment to Safety
— Leadership Safety Values and Actions
— Decision-Making
— Respectful Work Environment
e Management Systems
— Continuous Learning
— Problem Identification and Resolution
— Environment for Raising Concerns
— Work Processes
All these aspects are described in details in the report and two addenda are provided, giving more
emphasis to the presented material:
e Addendum I: Behaviors and Actions That Support a Healthy Nuclear Safety Culture, by
Organizational Level

e Addendum Il: Cross-References

The reading of the report is extremely inspiring and provides an overview of good practices as

applicable in nuclear industry at all the levels, from the managerial to the working one.
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2.4 Reasons for including Nuclear Safety Culture in ANNETTE courses

Owing to the great importance of nuclear safety culture and to its relevance as an inspiring
conviction for all people involved in exploiting nuclear energy, the ANNETTE project deemed
necessary to include a specific work package to reinforce the actions that were already performed

in this regard by the TRASNUSAFE and the NUSHARE projects.

In an a posteriori view, after the analysis conducted for deliverable D2.1 [2], it is clear that owing to
the above definitions of nuclear safety culture, its concepts should be very well possessed by all the
personnel constituting the nuclear workforce. Figure 2 and Figure 3 report the somehow similar
subdivision in categories or “tiers” of nuclear workforce appearing respectively in a report by EHRO-
N [6] and in a UK national report [7]. Nuclear safety culture, being a “must” for anyone working in
the nuclear fields needs to be transferred to all the categories or “tiers” of workers by appropriate
courses, conceived for the possessed level of knowledge in the nuclear fields. ANNETTE should

therefore assure the presence of such courses at any appropriate level.

Nuclear 16% |

A

Education

Nuclearised 74%

iiiii

Training

Nuclear-aware 10%

Source: EHRO-N
Figure 2. Subdivision of the nuclear workforce by EHRO-N as in [6]

Tier 3: Subject Matter Experts

g\—o Tier 2: Nuclear Skills

<——— @Tier1: Generic Skills

The Three Skills Tiers in the Nuclear Workforce

Figure 3. Subdivision of the nuclear workforce by into three tiers, as appearing in a figure
displayed in the report [7])
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3. INFORMATION FROM THE NUSHARE PROJECT
3.1 Outcomes of the NUSHARE project: activities for TG1

The Third Parties involved in the NUSHARE project delivered interesting material for the
three envisaged target groups.
In particular, for the Target Group 1, politicians and journalists, CEA-INSTN developed 4
sets of slides in French language on the following subjects:

1. ORGANIZATION OF THE SAFETY OF NUCLEAR FACILITIES

2. RADIOACTIVITE ET RAYONNEMENTS IONISANT

3. HUMAN AND ORGANIZATIONAL ASPECTS OF NUCLEAR SAFETY CULTURE

4. CULTURAL AND SOCIETAL ASPECTS OF NUCLEAR SAFETY CULTURE

These slides were used for meetings performed with French journalists. Since this approach
was considered not having enough European momentum, it was tried to enlarge the group
of recipients by contacting the World Federation of Science Journalists (WFSJ), which has
an interesting internal dynamics, consisting in setting up educational media posted on their
website to help science journalists around the world to cover stories requiring a scientific
understanding (e.g., on the Ebola pandemic events). The cooperation among ENEN, IRSN
and the WFSJ was finally able to reach the goal of having a compact and very effective

educational media on nuclear safety culture, written by journalist for journalists, on the

basis of contents provided by IRSN. Since the needs of scientific journalists in terms of
reliable and first-hand information is very similar to the one of decision makers, this media
can be considered as a good primer also for politicians and its existence needs to be properly
communicated to all the possible end-users.

Remarks for ANNETTE

As it will be noted at the site of the WFSJ http://www.wfsj.org/nuclear/, explaining the

concepts of nuclear safety culture requires also to provide some basic information on
nuclear energy and its uses, also including some historical perspective. So, this suggests that
information activities on nuclear safety and safety culture should include also information
on nuclear in general and it should be addressed to the largest possible public (worldwide
in the case of WFSJ), to make understood the change in mind-set needed to implement
nuclear safety culture in industry and also in society.
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Indeed, some societal aspects have an influence on nuclear safety culture. For instance,
transparency on malfunctions and incidents occurring in nuclear power stations can be
perceived as a positive or negative aspect, depending on the awareness of what nuclear
safety culture is. The general population, in fact, may perceive that the healthy practice to
report to regulators and journalists the occurrence of incidents as demonstration of an
“imperfect” or even “faulty” environment (probably because in other environments this
transparency is not used), while it should be considered with the awareness that only with
openness and feedback on occurred events we will be able to assure a proper level of safety.

A couple of video clips reported on the website of ENEN (http://www.enen-assoc.org/) from

a meeting held a latere of the Eurosafe Conference explain in better detail the role of the
nuclear safety culture and the need for a deep understanding of this subject by industry as

well as by the general public.

3.2 Outcomes of the NUSHARE project: activities for TG2

ENSTTI found in the actions to be made for the NUSHARE project a ground of election for
the missions of the Institute. In fact, “ENSTTI’s ultimate goal is to provide initial training and
continuous qualification programs to ensure that personnel at European Nuclear Regulatory
Authorities and Technical Safety Organizations can maintain skills in their current positions
and remain prepared to take on emerging tasks or advancements”

(http://enstti.eu/wp/the-institute/ ).

The numerous events and courses set up by ENSTTI in the frame of the NUSHARE project
were therefore in the main stream of the activities of the Institute, mainly devoted to
personnel of regulators and TSOs. The professional environment of ENSTTI and the
awareness of the needs of the target groups in terms of learning outcomes were two
element of success in this regard.

The work made by INBEx in several events purposely organised in regard (“Fermi Course”)
was successful for quite similar reasons.

Remarks for ANNETTE

Certainly ENSTTI and INBEx had at their disposal a specific expertise for developing courses

on nuclear safety culture which were targeted to the personnel of regulators and TSOs. In
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this regard, targeting specific personnel in a language appropriate to them is another
suggestion coming from the NUSHARE project for ANNETTE for explaining nuclear safety

culture issues.

3.3 Outcomes of the NUSHARE project: activities for TG3

The work developed by TECNATOM for industrial bodies choose to address high level managers. It
is in fact well known the importance that managerial levels have for the implementation of nuclear
safety culture: if the highest levels in a company do not consider safety as the most important target
to be reached, irrespective of competing others (profit, good image, etc.), it cannot be hoped that

these concepts will spread everywhere in the company.
In order to reach this goal, TECNATOM set up the following actions:

e aprogramme to train managers;
e new micromobile e-learning modules;

e the implementation of 3 workshops at CEO/director level.

The micromobile e-learning programme was particularly challenging to achieve, because it required
acquiring specific skills and considering what time frame could be appropriate for high level

managers to learn or consolidate their convictions about nuclear safety culture.
Remarks for ANNETTE

The actions made for Target Group 3 represent additional examples of adaptation of the learning
outcomes about nuclear safety culture to the particular targeted group of high level responsible
persons. So, again, the lesson learned for ANNETTE is the adaptation of the content and of the

modalities to release the courses to the identified audience.

3.4 Comments received by the participants in NUSHARE

A questionnaire was sent to the participants in NUSHARE in order to gather their remarks at the end
of the NUSHARE project. The questionnaire was kept short enough to be filled in no more than 15
minutes, to avoid burdening too much the respondents. The questions sent embedded in e-mail

messages are reported hereafter:
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e What are in your view the present needs for further courses / educational media on
nuclear safety culture you envisage at the end of NUSHARE in Europe?

e (if applicable) Are the courses you contributed to set up in NUSHARE available to be
offered also in the frame of ANNETTE to assure their longer term sustainability?

e Would you be willing to contribute some new course to ANNETTE in WP5? Have you any
smart idea in regard?

e Please add any comment you may consider helpful to us.

The respondents to the above questions were INBEx, ENSTTI, TECNATOM, UPM, ENS, and the WFSJ.
The participants in NUSHARE provided answers that concerned different issues. In particular, some
of them stressed more the Education and Training part of the work to be done, while others focused
on Information for journalists and the public. The main received remarks are summarised in the

following.
Education and Training aspects

e Notions of safety culture within the different Masters in Energy (and Nuclear Engineering) could
be the clue to complement the safety culture workshops and courses. This idea could be
complemented perfectly with online educational media that can be consulted when needed.

e The Safety Culture webpage is recommended to be shared within the ANNETTE framework,
since it could be an important tool for the stakeholders to be aware of basic notions about the
safety culture.

e The learners need basic notions of safety culture as a separate aspect with respect to nuclear
safety, complementing and expanding their understanding of the subject.

e In one of the initiatives developed under NUSHARE, the participants acted in groups of 4-6
persons as the management team of a fictitious nuclear power plant. They had to handle regular
planning as well as unexpected events. This training had very positive feedback from all
participants. In NUSHARE, this initiative was focusing on the public sector and hence it was
delivered to officers from regulators and TSOs and to academic teachers as a “train-the-trainer”
competence development session for professors. However, a similar training is provided also to

industry.
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It is suggested that courses on nuclear safety culture should be customised making use of
different delivery techniques, as webinars, micromobile e-learning, face to face workshops,
forums.

Training material in e-learning format should be stored on a Learning Management System

Platform (LMSP) that includes e-learning for mobile phones, storage of videos, a forum, etc..

Information aspects

It is suggested that the general public should be better informed about issues as radiation
protection, nuclear security and emergency preparedness. Examples are suggested of
initiatives already in place for spreading information on these subjects and it is suggested that
especially the concepts of safety and security are clearly specified, since people often mix their
meanings.

From a survey performed by the World Federation of Science Journalists in April 2017 it was
found that the greatest challenge journalists face is to rapidly access accurate information
stemming from independent experts.

Journalists also need very specific information such as old nuclear plant safety protocols,
financial data on operational costs, waste management and long-term costs related to nuclear.
Tools requested include free high-resolution visuals, information from other countries, new
information on innovation and R&D, timeline of accidents, datasets clearing houses, fact
checking, maps of facilities that are clear easy to read and understand for an outsider. Clarifying
these aspects for nuclear energy as well as similar ones for other scientificissues (e.g., infectious
diseases) is one of the continuous actions of the WFSJ. The development of various resources,
including MOOCs, for several aspects, such as agriculture, biotechnology, energy including
nuclear, etc., is aiming to provide learning support to journalists to increase science reporting

accuracy.

Willingness to continue contributing within ANNETTE

Those participants involved in the dissemination of the results of the project will continue to be
available also for ANNETTE initiatives.
Updating produced information material on nuclear energy for journalists will be possible and

advisable.
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e Nuclear Safety culture seminars could be included within the offer.

e Within the scope of ANNETTE, some of the initiatives developed for TSO members and academic
teachers could continue with the same target groups. It is possible to provide assistance to
universities interested in using these tools for their education. Moreover, it could be possible to
adapt some work being performed for specific nuclear reactors in the aims of ANNETTE.

e Train-the-trainers courses could be available for delivering courses developed under NUSHARE

also in the frame of ANNETTE.

REMARKS for ANNETTE

It was clear since the very beginning that nuclear safety culture represents one of the key aspects
for both education of the nuclear workforce and information of the general public. This is why, WP5

actually includes both E&T and Information actions.

The experience with NUSHARE seems to point out that there are different languages to be spoken
to present the same issues to different groups of learners. Also the learning objectives are obviously

different as suggested below.

e In Education and Training (E&T) actions, the objective is to nurture healthy traits of nuclear
safety culture in the learners. This includes learning what safety culture is (knowledge) and how
to practice it in everyday life (skills, involving also the sphere of attitudes). Exercises like the
simulation of a managing team called to take decisions in front of an emergency are high level
examples of a training that involves also the sphere of attitudes; however, at any level, practicing
the implementation of nuclear safety culture needs to learn and embed into one’s own
behaviour the traits stemming from accountability, questioning attitude, transparency, etc.. So,
it is quite important that in addition to the specific courses on nuclear safety culture, all the
other “hard skill” courses contain anyway a “safety culture” perspective: whatever action done
in a nuclear power plant (from component design, to construction, to operation and
maintenance) must in fact embed nuclear safety culture practices.

e In the field of information, it is also important to clarify what is the technical context in which
nuclear safety culture is practiced. Generally, policy makers, journalists and the public need first
a basis for understanding the features of nuclear energy and sometimes are more interested in
the “safety” features of power stations more than in seemingly exoteric concepts about nuclear
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safety culture. However, an important message to be conveyed to these categories being the
target of information actions is that nuclear safety culture needs also a favourable societal
environment to be actually developed; as in working environments, also in the society
transparency, questioning attitude and accountability should be looked as a positive sign, not to

be confused with weaknesses of the related technology.
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4, INFORMATION FROM THE SURVEY PERFORMED IN WP1
As reported in detail in D1.1 [8], a survey was performed in the frame of WP1, devoting a substantial
effort in interviewing by the use of e-questionnaires different individuals representing relevant

organisations, including course providers, end-users and Stakeholders.

The survey was subdivided into different parts:

1-Introduction

2-General information of respondents

3-Professional profile of respondents

4-Existing academic E&T in nuclear

5-Existing vocational (VET) initiatives in nuclear

6-Implementation of the ECVET system

7-E-learning

8-End-users

9-Quality assurance in academic and vocational learning in nuclear
10-Optimization and networking in academic and vocational learning activities

Results of the section “Available nuclear facilities to support lifelong learning” can be found in

deliverable D1.8 “Report on available nuclear facilities for LLL” task leader JRC, WP1 leader SCKeCEN.

The addressed public was wider than the one who responded, as it is usual in these cases. The list
of addressed persons was carefully selected also interviewing the ANNETTE partners to get
suggestions. As mentioned in the D1.1 [8] report “The partners in WP1 were asked for input to the
distribution list of the survey. A list of 28 contacts was put together with input from UU, JSI and UPC.
Next to that, the link to the online survey was distributed to all project partners in ANNETTE. The link
to the survey was also distributed directly or via contact persons to ENS/Foratom, EHRO-N, ENEN,
NUGENIA, ETSON, ENSTTI, CMET, NSAN (UK), ESARDA, EUTERP, BNEN, Alliance, EURADOS, NERIS,
EAN and to the projects GENTLE, PETRUS IIl and ENETRAP Ill. The main course providers in Sweden
were contacted by UU”. [8]

As shown in Figure 4, the membership of the respondents was quite varied in the panorama of
platforms and bodies active in the field of Education and Training in Europe, giving a particular value
to the conclusions reached by the survey. This, combined with a more direct interaction with
Stakeholders being carried on in WP2, provides a rather complete inquiry on needs in the nuclear

Education and Training fields.
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Membership of respondents
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Figure 4. Memberships of respondents to the survey [8]

A specific attention in the analysis of responses was paid to the End-Users of academic learning. In
the report it is mentioned that “End-users of academic learning initiatives were asked to rate the
relative importance of criteria when searching for academic learning initiatives. 30 out of the 37 end-
users answered this question, and are assumed to be end-user of academic learning initiatives.
Figure 12 [Figure 5 in this report] displays these criteria using an average score of importance, where
1 corresponds to not important and 4 corresponds to very important. The practical applicability
seems to be the most important aspect when end-users search for academic learning initiatives. In
terms of accessibility, the cost of the E&T activity seems to be a major factor. For certification and
accreditation, a certification by a competent authority seems most important.”

The results of the inquiry also involve indications about the relevance of Nuclear Safety Culture
(NSC): this is shown in Figure 5, in which practical applicability is rated the maximum, but nuclear

safety culture is rated 3 over 4. The same applies for training courses, as shown in Figure 6.
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Definitely, nuclear safety culture is well within in the target matters most liked by nuclear end-users
when searching for courses at all E&T levels. This is not at all surprising given the relevance presently
given to the subject by regulators and international organisations involved in developing nuclear
energy. By the way, nuclear safety culture is also mentioned in the survey by some end-users who

claim that courses on this matter are not easily found (see Figure 7).

Relative importance of criteria when searching for
academic learning initiatives
Cost of E&T activities i

Availability of E&T infrastructure
Physical accessibility to the E&T opportunities

Certification by a competent authority
ECTS system implemented

International quality ranking of University
Certification by a leading stakeholder

Practical applicability 3
Multidisciplinary ]

Exchange opportunities
Specific courses focusing on safety culture

1 2 3 4
Average score of importance

Figure 5. Criteria for end-users when searching for academic learning [8]

Relative importance of criteria when searching for
vocational learning initiatives

Cost of VET activities |

Availability of VET infrastructure

Physical accessibility to the VET opportunities |

Certification by a competent authority
Certification by a leading stakeholder
Certification by an independent party

ECVET system implemented

L

Practical applicability :
CPD, rather than basic training courses i}
Exchange opportunities i}

Specific courses focusing on safety culture
Multidisciplinary |

1 2 3 4

Average score of importance

Figure 6. Criteria for end-users when searching for training courses [8]
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Topic

Social issues, communication,
safety culture and ethics in
radiological protection and
waste management

Nuclear Decommissioning

EQF level

Level 7 (Master or postgraduate
equivalent)

Level 7 (Master or postgraduate
equivalent)

Preferentially organized by

University

Professional training provider

Target audience

Qualified students for the
medical and industrial sectors.

All stakeholders in the nuclear
field.

Comment

Courses should involve
universities, professional E&T
organizations and other
stakeholders and should provide
the student with the tools
needed to increase mobility
among EU.

/

Figure 7. Courses considered necessary by some end-users but not believed available [8]

ANNETTE
DELIVERABLE D 5.1
Dissemination level: PP

26/37

Date of issue of this report: 28/06/2017




5. INFORMATION FROM THE WORK PERFORMED IN WP2

5.1 Information from the desk research

The desk research reported in [2] contributed to highlight the importance of nuclear safety culture.
In the following, we will report some excerpts from the considered sources already reported in D2.1

[2] but to be reconsidered in the light of Nuclear Safety Culture. Additional excerpts are added.

5.1.1 2012 Interdisciplinary Study: Benefits and limitations of nuclear fission for a low-carbon
economy
It is reminded here that this report [9] was issued as an outcome of the Symposium on the Benefits

and limitations of nuclear fission for a low-carbon economy, as a contribution to the decision-
making process on the Euratom part of Horizon 2020, co-organised by the European Commission
and the European Economic and Social Committee (Brussels, 26-27 February 2013). It contains
several reflections of experts about the situation of nuclear energy in Europe and, in particular, its

Part 1 is made of the following contributions:

Topic 1: EU energy policy, by William D’haeseleer (Faculty of engineering science, University of

Leuven, KU Leuven, Belgium)
Topic 2: SET-Plan, by Maria Teresa Dominguez (Empresarios Agrupados, Spain)
Topic 3: Research and development, by Gustaf Lowenhielm (CGL Consulting, Sweden)

Topic 4: Education and training and skills, by Francois Weiss (Grenoble Institute of Technology,

France and KIC InnoEnergy)
Topic 5: EU nuclear safety and security, by Victor Teschendorff (Private consultant, Germany)
Topic 6: People, quality of life and the environment, by William Nuttall (The Open University, UK)

Topic 7: Safety and security culture beyond EU borders, by Olivia Comsa (Centre of Technology and

Engineering for Nuclear Projects (CITON), Romania)

Topic 8: Science-based policies and legislation, by Jozef Misak (UJV ReZ, Czech Republic)

Part 2, including Socio-economic reports is also interesting for the present discussion.
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As in D2.1 [2] we adopt hereafter the methodology to report only the sentences that we believe

pertinent to our discussion.

Topic 1, EU energy policy , William D’haeseleer [9]

“[..] Ensure that educational and training expertise in Europe remains very high. Stimulate
international exchange of personnel (including audit staff) between EU countries. Educate future
experts in emerging countries in safety culture.”

Topic 4: Education and training and skills, Francois Weiss [9]

“With the aim of continuously improving and disseminating the nuclear safety culture, education and
training should therefore continue to contribute to the sustainability of nuclear energy by generating
knowledge (research) and developing competences (training).”

“Needs are still expressed in the nuclear sector in terms of :

o (.)
e the development of a common nuclear safety culture worldwide, based on technical and
organisational excellence and with possible public-private collaboration; ”

“The challenge for knowledge creation and competence building is to create instruments that meet the
requirements of both employers and learners, with emphasis on borderless mobility and lifelong
learning. The main actions in these perspectives could be:

o (..)

e Analysis of the needs of industry and society, in particular with regard to the nuclear safety
culture and knowledge management, including the knowledge, skills and competences to be
taught according to established standards;”

Topic 5: EU nuclear safety and security, Victor Teschendorff [9]

“The nuclear industry is part of a globalised economy. Vendors are facing worldwide competition. They
no longer have assured regional markets. In addition, they have to comply with international non-
proliferation commitments such as export controls. In spite of acting globally, they have to respect
country-specific preferences in business and administration, individual approaches to safety and
sovereign national regulations and safety cultures.”

“The education and training of safety experts at EU level is organised principally through the European
Nuclear Education Network (ENEN) and the European Nuclear Safety Training and Tutoring Institute
(ENSTTI). The Commission supports a safety culture in non-European countries through the
Instrument for Nuclear Safety Cooperation (INSC); it should devote a similar effort to safety training
in EU countries. European nuclear fission research is crucial for educating and training young engineers
and scientists in a way consistent with the growing international (and European) dimension of nuclear
safety and security.”

In part 2 of the document, related to socio-economic reports, we find a contribution of Anne
BERGMANS, of the Faculty of political and social sciences, University of Antwerp, Belgium:

ANNETTE

DELIVERABLE D 5.1 28/37
Dissemination level: PP

Date of issue of this report: 28/06/2017



“With regard to Fukushima, we would consider carrying out research on the pre-accident safety culture
and decision-making process, including what led to the siting of the power plant, and responses to the
accident. Research is also needed on how society copes with such an accident and the lessons to be
drawn, as well as on how society can deal with the limits of controllability represented by Fukushima.
Both Fukushima and the Chernobyl nuclear accident were clearly cases with a worldwide environmental
impact and comparison with cases such as the Deepwater Horizon disaster could be meaningful”

A further contribution by Eberhard FALCK, Centre international de Recherches en Economie
écologique, Ecoinnovation et ingénierie du Développement Soutenable, Université de Versailles
Saint-Quentin-en-Yvelines, France, suggests that:

“Research and development needs to further address the psychological and sociological factors
(which are culture-specific) that make up a good and resilient safety culture, not only in the control
room but also in the boardroom. This research, its results and its application have to be communicated
to the public. More research may also be needed into how to measure real change (as opposed to
lip-service) in safety culture and how this can be made transparent to the public.”

The contribution by Pia OEDEWALD, VTT Technical Research Centre, Finland, further highlights the
contribution of social science in proposing theories and methods for achieving nuclear safety
culture:

“A general comment; social science has made a major contribution to technological risk management,
not just public fear minimisation. This has been achieved by developing safety management and
safety culture theories and methods for the industry and regulators. EU research could be grounded
in safety science/resilience engineering thinking where the viewpoint is not risks but safety; how to
create capabilities to manage complex and high-hazard systems which can operate even in varying,
unexpected conditions.”

“Ultimately there are and will be uncertainties which we just have to live with. Human behaviour

always reflects uncertainties, which cannot be successfully dealt with by more detailed instructions
but by taking safety culture theories, etc. seriously.”

Relevant remarks

The above excerpts, more than providing specific indications on what educational content related
to nuclear safety culture should be included in the ANNETTE programme, suggest the need and
urgency of including a mixture of “hard” and “soft” skills in nuclear E&T, in the aim to achieve a

complete awareness of human factors, with main reference to nuclear safety culture.

5.1.2 The preparation of an ECVET-oriented Nuclear Job Taxonomy [10]

This report is interesting for our discussion because it can be noted that in its ANNEX Il, it is clarified
which Job profiles have somehow to do with nuclear safety culture. We list hereafter some of the
related profiles and the role played by safety culture.
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e Construction Project Manager: among the skills, «Lead and enforce safety culture»

e Plant Manager: among the knowledge items, «Nuclear safety culture principles»

¢ Training Officer: among the competence items, «Safety Culture»

e Quality Assurance Officer: among the skills, «Lead and enforce safety culture»

e Engineering Manager: among the knowledge items, «Nuclear safety, radiation protection and
safety culture»; among the skills «Lead and enforce safety culture »

e Operations Manager: among the knowledge items, «Nuclear safety and safety culture»;
among the skills «Lead and enforce safety culture»

e Reactor Operator: among the competence items, «Safety Culture»

e Turbine Operator: among the knowledge items, «Nuclear Safety Culture»

e WM & RP Manager: among the knowledge items, «Safety Culture, ALARA principles»

e Radiation Protection Officer: among the knowledge items, «Safety Culture, ALARA principles»

e Radiation Protection Worker: among the knowledge items, «Safety Culture, Radioactive
Waste Management principles»

e Chemistry Manager: among the knowledge items, «Nuclear safety, radiation protection and
safety culture» ; among the skills «Lead and enforce safety culture »

e Quality Assurance Officer: among the skills, «Lead and enforce safety culture»

e [Etc.

Remarks

The above list is interrupted since the main message obtained is that for several job profiles of
interest for nuclear applications, at different levels (from managers to workers), the nuclear safety
culture is a «must». Differences can be noted in the fact that, at least in the above version of the

collection of job profiles, nuclear safety culture may be:

e included in knowledge or skills or competences;
e it may be limited to owned KSC or may be also included in an active action of enforcement,

typical of managerial responsibilities.
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Job profiles are also proposed in the report “Towards the implementation of the European Credit
System for Vocational Education and Training (ECVET) in the nuclear energy sector” [11], from which

similar conclusions can be drawn.

5.1.3 Needs for Nuclear Energy Competence in Finland [12]

As noted in deliverable D2.1 [2] the report contains material of the greatest relevance for the
planning of workforce in Finland. Interesting highlights about the role of nuclear safety culture can

be also found.

“Most of the duties within the nuclear energy sector are such that persons with suitable technological
or scientific education can be further trained to their duties by the companies and other organisations
using nuclear power. However, this kind of further training and qualification process typically takes
several years. Every person involved with nuclear power and nuclear facilities must also receive
training on the safety culture relating to the use of nuclear energy, in addition to the professional
competence within his or her own competence area. This requires a special kind of diligence and
ethics, which includes acknowledgement of the fact that nuclear safety is also the first priority in
normal everyday work. In practice, employment relationships in nuclear power facilities have been
long-lasting, and the working atmosphere good.”

Analysing the different disciplines necessary for the education of the nuclear personnel in Finland,
they are revised one by one highlighting their relevant characteristics. Human factors are also
considered:

“Human factors comprises observance of factors affecting human activities and behaviour at various
phases and levels of operation, such as planning, processes and modes of operation. An area
associated closely with this is the safety culture that consists of safety-oriented modes of operation,
as well as working atmosphere and attitudes recognising safety as an overriding priority. The duties
can include, for instance, participation in equipment and system design; development of modes of
operation; investigation of organisational factors in connection with incidents; assessment or
promotion of safety culture; and identification of targets for development relating to safety culture.”

While discussing about the duration of the involvement in nuclear jobs by personnel a clear warning

is proposed:

“..familiarising new personnel with the safety culture and special characteristics of the nuclear
energy sector takes time, even if the person has already acquired qualifications for his or her special
field in other industrial sectors. Long-term employment is therefore characteristic of the nuclear
energy sector.”

Discussing about the specific nature of the functions to be assured in a nuclear power plant, the role
of nuclear safety culture is clearly specified in a systemic view of the nuclear endeavour:
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“A nuclear power plant is a thermal power plant, the construction, modernisation and use of which
require contributions from professionals representing a wide range of fields of technology {...).
However, certain areas of competence needed primarily or even exclusively within the nuclear energy
sector can be distinguished.

According to IAEA, the main safety functions related to nuclear safety are (source: Basic Safety
Principles for Nuclear Power Plants, 75-INSAG-3 Rev 1INSAG-12, 1999 IAEA Austria):

A Management of reactivity

B  Cooling

C Containment building function, i.e. ensuring the integrity of release barriers

From these it is possible to deduce nuclear-specific fields of specialisation that serve as a feasible
division for the purposes of this study, when the first and last of the safety functions above are divided
into two. To ensure efficient and safe production of nuclear energy and treatment of nuclear waste one
must have competencies in:

1. generation and management of a dynamic chain reaction in interaction with a coolant;

2. criticality safety i.e. treatment of fissionable materials in such a manner that the chain reaction
does not occur anywhere else or at any time other than when producing power in the reactor core;

3. cooling of nuclear fuel and decay heat removal under any potential normal operating conditions
or in incidents and accidents, which in the case of light water reactors requires competence primarily
in the thermal hydraulics of water and gas;

4. avoidance of power-producing chemical reactions in incidents and accidents; and

5. interactive impact of radiation and chemical reactions on structural durability and ageing, and the
spread of radioactive materials.

Safety issues are in order when efforts are being made for the maintenance of nuclear safety,
radiation safety and safety culture, including the motivational factors for understanding the primary
significance of safety issues in nuclear energy production and the high quality requirements. In other
words, the list above needs to be supplemented with two additional points:

6.  Radiation safety; and

7.  Safety culture.” [12]

Moreover, when it comes to suggest for whom nuclear safety culture is necessary, a clear
statements suggest that all the personnel involved in nuclear activities must be trained to the basic
concepts of it:

“Everyone working within the nuclear energy sector must be familiar with the safety culture, but for
a large proportion of the professionals within the field, knowledge of nuclear and radiation safety is
necessary in order to provide sufficient motivation for understanding the importance of safety
culture. For these professionals it is sufficient that such matters are taught to them during their
supplementary training phase. Competence in radiation safety is important particularly for anyone
working in an actual nuclear facility. Respect of competence is part of the safety culture, and if safety
fails, cost-efficiency is also invariably lost.”

The above sentence is very rich of consequences also for the ANNETTE course programme. It is clear
that some basic subjects, like the principles nuclear safety culture and radiation safety must be

offered to a variety of learners, involved in different roles in nuclear enterprises.
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5.1.4 Conclusions obtained from the desk research

As it can be noted, the desk research that made possible to perform useful considerations in the
general case of courses to be developed in WP2, led to simple an probably fully expected
conclusions in the case of nuclear safety culture (NSC).

Competences in NSC, in fact, are necessary at any level in nuclear enterprises, being a crosscutting
issue for different professions. Because of its nature, nuclear safety culture concepts must be
understood by all the managers, engineers, scientists and workers involved in a nuclear endeavour.
For some job profiles, nevertheless, it is not only necessary to possess Knowledge, Skills and
Competences/Attitudes in NSC, but also to be able to enforce its principles in the working
environment, when it comes to leadership or managerial roles.

Except for this specific responsibility that some professional may have, it is anyway clear that a
general commitment to the enforcement of safety culture is embedded in all professions and role
at any level: no one is exempt from being proactive to make the working environment safer, by a
proper questioning attitude, communication and a clear sense of accountability.

The lesson learned for the ANNETTE project is therefore to include in most courses at least mentions
to nuclear safety culture principles, in order to make the difference between an aseptic presentation
of useful scientific and technological concepts and a changing attitude teaching that has always in
its background the nuclear safety culture. Moreover, specific courses must be offered to nurture
nuclear safety culture in a way suitable for the different job profiles, always remembering that the
common commitment towards safety requires not to lighten the stress on basic concepts, while

adapting the presentation to different audiences.

5.2 Information from the interaction with stakeholders

A thorough presentation and discussion of the modalities of interaction with Stakeholders was
already proposed in D2.1 [2]. It is here reminded that the Stakeholders were stimulated to fill a
guestionnaire that was posing questions on the ANNETTE offer of courses, without any specific
suggestion on nuclear safety culture. This was made in order to inquire about the “needs” perceived
by them and about the possible “gaps” they were finding in the preliminary offer. As it will be seen,
a few of them mentioned safety and/or safety culture as a clear need. The already described

answers (see [2]) obtained by the distributed questionnaire are discussed herein only when they are
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relevant for safety or nuclear safety culture. This is the reason why only a few items of the

questionnaire appear.

1. Please, comment about the general plan of ANNETTE in setting up and coordinating existing courses
for Continuous Professional Development
o (..)
e What do you suggest as possible improvement(s)?
o (..)
o Provide more specific courses to allow an in-depth understanding and discussion of the best
practices to harmonise the safety culture as a goal

o {(..)
o

2. Please, comment on the range of courses collected up to now within ANNETTE, the suitability for
maintaining nuclear experts (roughly 16% of nuclear workforce), for nuclearizing specialists in other
matters (74%), for providing nuclear aware personnel (10%). As mentioned in the presentation, there
is no real attempt to be exhaustive at this stage, but we can start with better bases, if possible,
following your suggestions.

e  Which courses do you find more necessary / relevant in the present situation for keeping the needed
core of nuclear experts?

o In the list proposed till now there are very interesting proposals for courses on T/H, mechanics,
accidents etc. May be some course on Safety principle of nuclear reactors, Risk and Reliability is
needed to complete the panorama. Most of the courses proposed (unless very specialized) satisfy
the need to keep the core of nuclear experts. | do not see any course to inform students about
standards (ASME, RCC-MR etc...)

(...)
Reactor thermal hydraulics, reactor safety and method for its assessment, numerical codes for
safety demonstration, reactor physics, nuclear power plant technology, reactor materials

e  Which courses do you find more necessary / relevant in the present situation for keeping the needed
learning opportunities for nuclearization of specialists in non-nuclear disciplines?

o {(..)

o If we are speaking about specialists in non-nuclear disciplines | assume they have a very good
level of knowledge of their discipline. A specialized course for such people is needed to bring
them closer to the nuclear needs (but this may be structured as an introductory course). Special
attention should be given to Risk and Safety aspects including radiation, quality aspects typical
of the nuclear activities.

o Much more about safety culture and defence in-depth that are very specific to the nuclear field
but are of critical importance for public awareness

o (..)

o Nuclear technology course, Safety and operation of NPPs, Nuclear Safety and Safety Culture,
“on-boarding” course for new professionals entering nuclear energy sector that do not have a
nuclear background and that combines basics of safety, security and safeguards.
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o {(..)
o Reactor physics, reactor safety fundamentals and methods for safety demonstration, radiation
physics and interaction with matter

e  Which courses do you find more necessary / relevant in the present situation for keeping the needed
learning opportunities for nuclear aware personnel?

o {(..)

o Nuclear Safety Culture, Nuclear standards and requirements, Emergency preparedness and
response

o (..)

o Core neutronics, reactor thermal hydraulics, nuclear power plants technology, reactor safety and
radiation protection
e  Which gaps do you identify in the presently offered courses?
o As said above: Reliability, standards, Risk and safety concepts should be part of the teaching

offer
o {(..)

o More courses on safety

As it can be noted, Stakeholders mentioned repeatedly nuclear safety, risk and/or nuclear safety
culture as sometimes “lacking” in the preliminary offer of ANNETTE. Perhaps, notwithstanding in
the presentation sent to them the actions to be performed under WP5 were suggested, it was not
completely clear that the “master” proposed in WP2 had to be integrated by courses for both WP5

(nuclear safety culture) and WP6 (fusion).

It is anyway interesting noting that nuclear safety culture courses are particularly suggested for
nuclearized and nuclear aware personnel. In other words, it seems to be suggested what it is indeed
an important aspect: working in a nuclear environment, even as non-nuclear specialists, requires
anyway some background on nuclear processes (e.g., reactivity, radiation, etc.), but certainly cannot
avoid a basic education on nuclear safety culture. This is an important message for the ANNETTE
courses that should be adapted for the different audiences in order to stimulate in the future

nuclear workforce the “traits of a healthy nuclear safety culture”.
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6. CONCLUSIONS

This report revised the available information on the needs in terms of nuclear safety culture coming
from different sources, including the NUSHARE project, presently close to completion, the
systematic survey performed in the frame of WP1, the desk research and the contacts with

stakeholders occurred in the frame of the activities performed for WP2.

The conclusions about the needs in terms of courses on nuclear safety culture are unequivocal and,
possibly, somehow expected. Owing to the great importance that nuclear safety culture has at any
level for the nuclear workforce, as both a systematic process to be assured in the organisation and
as a personal attitude, it can be inferred that the planning of a specific work package devoted to

delivering courses in NSC was longsighted enough.

In particular, it is clearly understood that nuclear safety culture is a crosscutting issue, involving all
the categories or “tiers” of learners, at any level in the managerial and working scale. The provision
in the preliminary offer of WP5 of a Massive Open Online Course (MOQOC) on nuclear safety culture
seems in this light a very effective instrument to make accessible to every learner the basic concepts

of NSC. Other specific courses will be anyway provided under WPS5.

However, owing to the relevance of nuclear safety culture, it is here proposed that all the courses
delivered under the ANNETTE umbrella include a clear reference to concepts of nuclear safety
culture, in order to avoid that any of the taught concepts may be taken out of its natural

environment, being the one of a “healthy” nuclear safety culture.

This conclusion represents an invitation to all course providers to introduce in their courses a clear
reference to nuclear safety culture concepts, whatever the matter taught. In fact, the principles of
nuclear safety culture are very well suitable to be explained while introducing concepts of structural
mechanics, thermal-hydraulics, neutronics, nuclear measurements, radiation protection, security &

safeguards, etc..

This way, nuclear safety culture will not be considered a separate matter, but rather the thick

substrate on which nuclear knowledge and skills must be developed.
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