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Abstract

The discussion in the international community on how fusion power plants (FPPs) will be
licenced and regulated is ongoing. As such, there is a concerted drive from the European
stakeholders to understand the requirements from such a framework and how to best establish it
with the aim of easing the licensing process of FPPs. Initiated by the EUROfusion consortium, a
group of European experts were convened to produce a set of recommendations on the
regulatory framework for the safety and licensing of FPPs. To do so effectively, the group
assessed lessons learned from existing fusion facilities, reports by International Atomic Energy
Agency and European Commission on FPP safety and the on-going work by the UK
government, US Nuclear Regulatory Commission and Canadian Nuclear Safety Commission, as
well as the licensing process of ITER. As a result, commonalities between fusion and fission
were identified in terms of fundamental safety objectives which could facilitate parity in certain
framework aspects. However, significant differences to any such implementation were also
identified, particularly with respect to the lower hazard potential inherent to FPPs and how to
remain proportionate to the associated safety challenges and the physical principles behind
these two types of reactors together with their associated technologies. The recognition of the
differences in the safety challenges in FPPs and fission-based nuclear power plants (NPPs) is
paramount to future regulatory framework development. Ultimately, regulatory frameworks
depend upon a country’s legal framework, therefore it is apparent that a common global
regulatory framework for FPPs is not possible. However, as with present-day NPP regulation,
efforts could be made to develop harmonised approaches to FPP regulation to provide common
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levels of protection. In view of this objective, 12 recommendations are presented across 4 topics: regulations,
international databases, codes and standards, safety demonstration rules and regulatory approaches. These
recommendations are provided to inform and advise potential future actions on FPP regulatory framework and

licencing process principles.

Keywords: fusion power plants, DEMO, licencing, safety, regulatory framework

1. Introduction

There is an ongoing discussion in the international community
on how fusion power plants (FPPs) will be licenced and reg-
ulated. At the time of writing, there is no consensus on how
FPPs should be regulated to ensure safety for both the work-
ers and the public, together with the protection of the environ-
ment. As such, there is a concerted drive from the European
stakeholders to understand the requirements and formulation
of such a framework and how to best establish it with the aim
of easing the licensing process of FPPs.

A robust fusion licencing and regulatory framework has
a critical role to play in not only the aforementioned areas
of safety and protection, but also in focussing technological
development according to clear requirements and guidelines
whilst promoting the public acceptance of fusion.

In view of expediting the subject with respect to the
needs of the European Roadmap and the DEMO project,
EUROfusion established a working group to draw up the
considerations to be addressed when developing a regulatory
framework that is specifically tailored to fusion safety. This
group, which involved nuclear safety experts in the fusion and
fission fields, assessed the challenges faced in the FPP licen-
cing process and consolidated the key regulatory aspects that
need addressing on the path to the successful licencing and
safe operation of FPPs.

Such a framework would need to recognise the differ-
ing safety challenges that nuclear fission-based power plants
(NPPs) and FPPs face. The working group’s recommendations
reflect the need for the regulatory framework to acknowledge
the lower hazard potential of an FPP when compared with an
NPP. Nevertheless, this methodology should be based upon a
simplification or adaptation of the current and well-established
fission-oriented nuclear regulation. The resulting recommend-
ations are therefore a set of high-level principles for FPP regu-
lation to ensure a proportionate approach is taken to licensing
requirements and regulatory oversight.

The methodology undertaken by the group is described
in section 2, with the findings from the discussions detailed
in section 3 and the recommendations presented per topic in
section 4.

2. Methodology

To identify the areas of a future framework that need adapt-
ing for an FPP, the group applied a systematic approach based
on two steps: the analysis of the lessons learnt from exist-
ing fusion facilities and the review of reports launched by
International Atomic Energy Agency (IAEA) and European

Commission on FPP safety. The specific steps to this approach
consisted of addressing each of the following subject matters:

e Review of the experience of licensing the ITER project
(2009-2012),

e Review of the regulation applied to ITER design and safety
demonstration (including the interpretation of the regulation
issued initially for fission plants),

e Discussion from the regulator position on the application of
the French regulation to ITER specificities vs fission plants,

e Review of the EC-funded study on the applicability of
the regulatory framework for nuclear facilities to fusion
facilities—towards a specific regulatory framework for
fusion facilities,

e Review of the IAEA technical document (IAEA TECDOC)
on FPP regulation,

e Review of the public expectations of safety risks in experi-
ence to-date.

Each subject was presented to the group by the respective
expert and discussed to extract the core considerations. Four
topics on the FPP safety challenges were identified in this pro-
cess to form the foundations for the recommendations:

e Regulations,

e International databases, codes and standards,

e Safety demonstration and rules,

e Regulatory Approaches for the licensing process.

3. Findings

3.1. Commonalities between fusion and fission

The main safety principles, as developed in the ITAEA
Fundamental Safety Principles [1] apply to NPPs, regardless
of whether they are based on fission or fusion technology.
Principles one to nine (responsibility for safety, role of gov-
ernment, leadership and management for safety, justification
of facilities and activities, optimization of protection, limita-
tion of risks to individuals, protection of present and future
generations, prevention of accidents and emergency prepared-
ness and response) are applicable to both fission and fusion.
Principle ten, related to protective actions to reduce existing or
unregulated radiation risks, is not applicable to fusion device
of either technology as it concerns radiation of essentially
natural origins and exposure that arises from human activ-
ities conducted in the past. The IAEA Fundamental Safety
Principles [1] indicate that ‘safety has to be assessed for all
facilities and activities, consistent with a graded approach’.
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This graded approach allows for the same principles to be fol-
lowed for fission and fusion, applied proportionately to the
safety challenges.

Through the TAEA Fundamental Safety Principles, the fun-
damental safety objectives can be reached, i.e. to protect
people and the environment from harmful effects of ionizing
radiation. In pursuing this objective for both fission and fusion,
well-established safety principles are used including Defence
in Depth, as low as is reasonably achievable (ALARA), and
passive safety principles.

Additionally, FPPs are not creating the need for specific
fundamental safety functions. Confinement of radioactive and
hazardous materials, limitation of internal and external expos-
ure and potentially decay heat removal are commonalities
between fusion and fission.

It is therefore apparent that the same methodology applies
to both fusion and fission. There are, however, differences in
the implementation due to differences in hazard potential (i.e.
unmitigated risks) and in the physical principles behind these
two types of reactors together with their associated technolo-
gies (i.e. use of vacuum systems vs use of pressurised circuits).
These aspects are covered in the next section related to the les-
sons learnt from fusion facilities.

3.2. Lessons learnt from fusion facilities

3.2.1 Lessons learned from ITER.  The total radioactive
inventory of ITER is about more than one order of magnitude
lower than in Pressurized Water Reactor 900 MWe plants.
Additionally, the radiological consequences of the main radi-
onuclide used in ITER, tritium, leads to a limited impact on
the public and the environment, particularly in the long term,
given its 12.3-year half-life and its low radiotoxicity.

Considering the lower impact of the ITER worst case safety
scenarios, the approach defined the safety requirements in pro-
portion to the safety challenges of ITER. This is due to the
goal-orientated nature of the French regulatory framework.

Based upon the ITER experience, there are several identi-
fied potential domains to be adapted:

e Uncertainties/safety margins: some of the ITER loads,
such as the electromagnetic and cryogenic loads, are spe-
cific to a fusion facility. Calculating these loads includes
significant uncertainties that are compensated for through
margins. The demonstration of the robustness of the ITER
design against its loads is a key element in the licensing pro-
cess. The uncertainties led to the definition of conservative
requirements and design for first confinement system com-
ponents. The progressive start-up of the operation of ITER,
based on a step-by-step approach, is also used to define the
set of operational parameters acceptable from a safety point
of view and a condition of the license granting.

o Definition of safety requirements: the goal-oriented reg-
ulatory approach facilitated the definition of safety require-
ments proportionate to the radiotoxic potential of ITER. One
advantage of FPPs is the rapidly extinguish of the fusion
reaction after any undesired event. This is different from

NPPs where the insertion of neutron absorbers is needed
to terminate the chain reaction. The lower hazard poten-
tial and the inherent safety characteristics of the fusion pro-
cess allows for a graded approach, proportionate to the chal-
lenges, to be applied in the licensing process. This has been
used for ITER licensing process.

e Robustness of the confinement barriers: the confine-
ment barriers are designed in accordance with the codes
and standards originally prepared for fission facilities. The
design and manufacturing difficulties encountered with first-
of-a-kind components and structures were raised during the
application of certain codes and standards. Subsequently,
adaptations were required to address the ITER requirements,
e.g. with the vacuum vessel. The last confinement barrier
plays a very special role in the safety demonstration for
ITER, particularly the basement ensuring the machine is
supported in all scenarios (design basis accident (DBA) and
design extension conditions (DECs)).

o Rules for safety analysis: Due to the experimental nature
of ITER, a deterministic approach is applied. For certain
aggravating failures, the application of the common mode
failures can be relaxed in some areas where the releases are
relatively constant regardless of the evolution of the initial
conditions.

3.2.2. Review of (previous) EU studies and identification of
proposed key features for FPP regulation. In 2021, the
European Commission published a Study on the Applicability
of the Regulatory Framework for Nuclear Facilities to
Fusion Facilities—Iowards a specific regulatory framework
for fusion facilities [2], carried out by German Technical
Safety Organization and the Karlsruhe Institute of Technology.

The study collects international information by identify-
ing countries which either are constructing or operating fusion
facilities, together with those that have done assessments of
their current regulation status and its applicability to fusion
facilities. The focus is on facilities including tritium as fuel
for the fusion process. The most relevant countries were
identified as France (with ITER to use tritium) and United
Kingdom (with JET experience and new plans on using tri-
tium). Germany has no plans for such a fusion facility, but the
main results from a related German review were summarized.
For other investigated countries—Russia, China, Korea, and
Japan—no detailed documentation was found in the open lit-
erature. The conclusion was that no country has implemented
a dedicated and specific regulatory framework for fusion facil-
ities to-date. Nevertheless, it was observed that the competent
regulatory authorities in more and more countries are paying
attention to this issue.

The EC-funded Study contains a relatively detailed tech-
nical review of main differences between fusion and fission
facilities, describing 17 fusion specific systems using the
example of the DEMO configuration. The study also extends
the previous work done by the TAEA in identifying safety
requirements specifically needed for FPPs. The performed
work comprises an in-depth technical analysis of systems,
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structures, and components and their associated importance
for safety and a screening of existing international regulatory
documents which may be considered for developing a spe-
cific regulatory framework for future fusion facilities utiliz-
ing tritium with magnetic confinement. A screening of IAEA
Safety guides leads to the conclusion that existing guides dir-
ectly applicable to fusion facilities would primarily be those
relating to radiation protection; leadership and management
for safety; and predisposal management of radioactive waste.

The EC-funded Study also delivered an Action plan for
the development of a targeted and proportionate regulatory
framework, identifying 13 steps, together with the involved
stakeholders, including:

e establishing a common European legal framework,

e agreeing on fusion specific implementation of the defence
in depth concept and a graded approach,

e developing safety requirements for fusion facilities using D—
T plasmas and magnetic confinement,

e cstablishing a system for operating experience feedback,

e developing safety guides for different aspects of fusion spe-
cific technical aspects,

e developing fusion specific codes and standards.

Since the EU Study publication, the UK Government has
carried out a consultation on its proposals for a regulatory
framework for fusion energy. In the response to this consulta-
tion, noting also some opposition to the proposals, the UK
Government presented the decision that future fusion energy
facilities will be regulated under the legal framework already
in place for regulating fusion research (i.e. by the Health
& Safety Executive and Environment Agency, or equivalent
devolved regulator, as is currently the case for JET) [3]. The
decision was based on proportionality with regards to the level
of hazards involved in fusion [4]. This considered the know-
ledge of hazards from JET and a range of independent pub-
lished accident studies for conceptual designs of FPPs, such
as the earlier European fusion programme studies, the Safety
and Environmental Assessment of Fusion Power series and the
Power Plant Conceptual Study. As part of the next steps, it is
recognised that the health and safety and environmental reg-
ulators should continue to build their technical capability and
capacity to regulate fusion energy facilities and consider devel-
oping fusion-specific processes and guidance.

3.2.3. Other recent international developments. In the
USA, the Nuclear Energy Innovation and Modernization Act
obliges the Nuclear Regulatory Commission (NRC) to estab-
lish a technology-inclusive regulatory framework by the end
of 2027. The status of this development until 2021 was also
summarized in the aforementioned EC-funded Study. Since
the reporting in this Study publication, a policy issue was sub-
mitted in early 2023 on ‘Options for Licensing and Regulating
Fusion Energy Systems’, providing three options for NRC
consideration [5], including:

1 Categorization of fusion energy systems as utilization facil-
ities” with the staff developing a new framework to address
the associated specific hazards.

2 A by-product material'® approach augmenting the frame-
work for radioactive material licenses.

3 A hybrid framework with decision criteria, based on the
potential risks and hazards of a specific fusion energy sys-
tem, to determine whether a by-product material or a utiliz-
ation facility approach is appropriate for that system.

In April 2023, the NRC approved Option 2 with ‘limited-
scope rulemaking’, meaning that the regulator’s staff should
take into account the existence of fusion systems that already
have been licensed and are being regulated, as well as those
that may be licensed prior to the completion of the rulemak-
ing. In parallel, the regulator shall continue to develop dedic-
ated regulation for fusion energy systems. If future anticipated
fusion designs are identified to present hazards significantly
beyond those of near-term fusion technologies, the validity of
the approach must be re-evaluated [6, 7].

In Canada, the nuclear regulatory system is based on goal
setting. The Canadian Nuclear Safety Commission (CSNC)
has reviewed the country’s regulatory framework for readi-
ness to regulate fusion technologies [8]. In the study, three
hypothetical preliminary descriptions of fusion facilities were
developed to cover a range of approaches to test the regu-
latory framework. The three hypothetical concepts were (i) a
full-scale hypothetical commercial tokamak, (ii) a full-scale
commercial projectile induced fusion facility'!, and (iii) a
research hybrid magneto-inertial facility. Using these con-
cepts, it was possible to screen and classify the applicability of
Canada’s existing regulatory documents against the three cases
and account for the relatively large technological differences
in different approaches. This recognises the fact that there are
private enterprises in Canada developing non-tokamak based
FPPs concepts. Otherwise, the high-level findings of the study
are similar to what has been concluded elsewhere.

3.3. Development of high-level goals for FPP regulation

3.3.1. International safety standards.  As FPPs produce ion-
ising radiation and, they fall within the remit of the TAEA’s
Fundamental Safety Principles, discussed in section 3.1 [1].
These form the overarching document of the IAEA’s Safety
Standards. Currently the extent of the application of the IAEA
Safety Standards (Requirements and Guides) to FPPs has yet
to be determined but it is widely accepted that the Fundamental
Safety Principles apply to FPPs.

9 Utilization facility in [5], the definition would be a facility ‘peculiarly adap-
ted for making use of atomic energy in such quantity as to be of significance
to the common defence and security, or in such manner as to affect the health
and safety of the public’.

10 By-product material is essentially artificially made radioactive material
other than fissile materials.

11 Hypothetical Commercial, Projectile Induced Fusion (HCPIF): Full scale,
commercial, inertial confinement, projectile induced pressure wave and cavity
collapse representative of pulsed, inertial confinement technologies.
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The fundamental safety objective is to protect people and
the environment from the harmful effects of ionising radi-
ation. However, this objective is expected to be achieved
‘without unduly limiting the operation of facilities or the con-
duct of activities that give rise to radiation risks’. To achieve
this objective requires control measures to manage radiation
exposure to people and the release of radioactive material to
the environment; restrict the likelihood of accidents that could
lead to a loss of control over sources of radiation; and to mit-
igate the consequences of such events if they occur.

To deliver the safety principles requires some form of reg-
ulation to identify the duty holders responsible for safety,
provide a legal framework to identify the appropriate safety
requirements, provide a Regulatory Body with sufficient
powers to enforce compliance with the safety responsibilities
and ensure that there are arrangements in place to protect the
public should there be an accidental release of radioactivity to
the environment outside the facility.

3.3.2. Regulatory approaches.  Society expects that indus-
tries with the potential to cause harm to people and the envir-
onment are regulated to ensure that the public and workers are
properly protected. When deciding upon what is an appropri-
ate level of regulation, governments must consider the hazard
potential of the activity, i.e. what is the unmitigated risk to
the public from accidents that could occur. Regulatory frame-
works are not based on the individual risk to a worker or mem-
bers of the public, as facilities must be designed to ensure that
such risks have been reduced to ALARA or as low as is reason-
ably practicable (ALARP). The required mitigation, whether
through design or operational requirements, is dependent upon
the hazard potential. Therefore, the degree of regulatory over-
sight set out in the regulatory framework will depend upon the
hazard potential and the complexity of the required mitigation
measures.

The current national and international nuclear regulatory
landscapes have been shaped by the special characteristics
associated with nuclear fission. In the case of NPPs, the haz-
ard potential is very high due to the nature of the fission
process, as demonstrated with the Chernobyl accident. The
hazard potential of FPPs is expected to be much lower than
that of a NPP because of the different nature of the fusion
process. Nevertheless, the hazard potential of FPPs, espe-
cially those using magnetically confined D-T reactions, is not
insignificant.

Regulation is a legal construct and in essence it is law
enforcement. Therefore, a regulatory framework will depend
upon a country’s legal framework. As such it is not possible
to have a common global regulatory framework for FPPs.
However, great efforts are being made with NPP regulation to
develop harmonised approaches to provide common levels of
protection. To facilitate the global deployment of FPPs, similar
efforts should be made to develop agreed principles for FPPs
to harmonise regulatory approaches. Ultimately, the approach
taken by countries to regulate FPPs will reflect the country’s
legal framework for safety.

Consequently, two main approaches exist: goal setting and
prescriptive. The goal setting approach enables regulatory
requirements to be tailored to the hazard potential of a facil-
ity. In the case of prescriptive regulatory regimes, regulatory
requirements and supporting regulations relating to the safety
of FPPs should be based on a graded approach and be propor-
tionate to the hazard potential of FPPs.

3.3.3. Licensing. The public expects hazardous activities to
be controlled such that they cannot be undertaken without per-
mission from the government or its safety regulator. In the case
of NPPs, the required permission is provided by nuclear licens-
ing regimes. Here the licensee is required to seek permission
from the regulator before commencing certain activities such
as start of construction or commencement of reactor operation.
The public and politicians expect the nuclear safety regulat-
ors to be technically competent and appropriately resourced.
Nuclear site licensing has proven to be an effective regulatory
tool. Whilst the hazard potential for FPPs is lower than that of
NPPs, it is not insignificant and hence some form of licens-
ing/permissioning regime should be implemented to provide
the public with the assurance that their safety is not being put
at risk from FPP operations.

3.3.4. Derivation of FPP licensing and regulation goals from
the IAEA fundamental safety principles.  Through the dis-
cussion and adaptation of the IAEA Fundamental Safety
Principles, 10 high-level goals were derived to deliver the
effective regulation and licensing of FPPs:

Goal 1 Before the deployment of FPPs in a country, there
must be an appropriate regulatory framework for
safety, security and safeguards (from IAEA SFI1-
Principle 2 [1]).

Goal 2 The regulatory framework must be proportionate
to the Hazard Potential of FPPs (from IAEA SF1-
Principles 3 and 5 [1]).

Goal 3 The regulatory framework must include a Regulatory
Body to oversee the design, construction, commis-
sioning operation and decommissioning of FPPs
(from TAEA SF1-Principle 2 [1]).

Goal 4 The regulatory framework must ensure that the
Regulatory Body is independent of the fusion
industry and independent of those in Government
who are responsible for the promotion of FPPs (from
IAEA SF1-Principle 2 [1]).

Goal 5 The regulatory framework must provide for a licens-
ing or other form of effective permissioning regime
(from IAEA SF1-Principles 1 and 2 [1]).

Goal 6 The regulatory framework must ensure that the
Regulatory Body has the necessary powers to enforce
FPP regulatory requirements (from IAEA SF1-
Principle 2 [1]).



Nucl. Fusion 64 (2024) 037001

Conference Report

Goal 7 The regulatory framework should ensure that there
are appropriate and effective emergency prepared-
ness arrangements in place in locations used for the
siting of FPPs (from IAEA SF1-Principle 9 [1]).

Goal 8 The regulatory framework must put the responsibility
for safety on the FPP operator/licensee (from IAEA
SF1-Principle 1 [1]).

Goal 9 The regulatory framework must ensure that the
licensee/operator is required to verify safety via the
production safety documentation (safety case) to sup-
port the design, construction, operation and decom-
missioning of FPPs (from IAEA SF1-Principles 1, 3,
5,6,7 and 8 [1]).

Goal 10 The regulatory framework must ensure the minim-
isation and the effective management of radioactive
waste arising from FPP operations (from IAEA SF1-
Principles 1 and 7 [1]).

3.4. Outstanding challenges facing the licensing and
regulation of FPPs

The differing hazard potential between NPPs and FPPs stems
from the fact that the fuel used in fusion facilities, tritium,
is considered one of the least harmful radionuclides. The
long-term consequences of fusion facility accident scenarios
are, therefore, lower when compared to the long-term con-
sequences associated with NPP accident. However, tritium
is not the only radioactive material in an FPP that could be
released in the event of an accident. Radioactive dust coming
from the activation of first wall materials also forms part of
radioactive source terms. A further difference between FPPs
and NPPs is the fact that FPPs do not produce high level waste
as is the case with NPPs. FPPs also benefit from the self-
extinguishing nature of the fusion reaction, which contrasts
with the potential for an uncontrolled chain reaction in NPPs.

The hazard potential of an FPP is less than that of an NPP,
but it is not insignificant and the design, construction, commis-
sioning, and operation must be effectively regulated to ensure
the safety of workers, and the public and the protection of the
environment. The current set of NPP safety standards and reg-
ulatory approaches already allow for a graded approach i.e. the
safety approach should be proportionate to the hazard poten-
tial. However, the application of current NPP safety standards
and regulatory approaches to FPPs is not appropriate, and a
review of the IAEA nuclear safety standards will need to be
performed for judging the adequacy and applicability of these
safety standards and regulatory approaches to FPPs both at
national and international levels.

The first challenge is therefore the re-assessment of whether
the current regulations and safety standards are appropriate
with regards to the lower of hazard potential FPPs.

At the same time, fusion technologies are still evolving and
need flexibility in design or operation requirements, whilst
maintaining the safety goal of protecting workers, the environ-
ment, and members of the public. Certain relatively new tech-
nologies, e.g. nuclear mechanical components under vacuum,
superconducting magnets, advanced cooling technologies and

detritiation systems, will need to be developed according to
the implementation of international codes and standards (e.g.
ISO, IEC...) agreed on by designers, operators and regulators.
These technologies, particularly the highly innovative cases
(sometimes first-of-a-kind) will incorporate uncertainties and
therefore require robust margins. At the same time, many
safety requirements exist for confinement or monitoring radio-
active materials (containment barriers, dynamic confinement
systems, etc). The codes and standards will need re-visiting
and not only modified, but also adapted.

The safety rules applicable to NPPs may also need to be
revisited since most of these rules were established because
of the characteristics of NPPs including for long-term con-
sequences in severe NPP accidents. Among these safety rules,
the need for redundancy and diversity for safety related sys-
tems and components, or a large list of aggravating failures
will be revisited at the light of the reduced long-term con-
sequences of severe accident scenarios.

The second challenge is therefore the adaption of exist-
ing NPP codes and standards and safety rules, ensuring they
offer flexibility to allow FPPs to be safe when incorporat-
ing adequate margins, whilst still based on a proportionate
approach.

These challenges go along with the need to commu-
nicate with all stakeholders, particularly the regulators and
designers, on:

e The FPP hazards and associated risks to workers and the
public from normal operation and plant accidents including
the impact of external hazards,

o The new technologies applicable to FPPs including vacuum
vessels, breeding blanket, divertor, detritiation systems,
superconducting magnets, cryogenic systems all of which
will exist in radioactive and high energy neutrons environ-
ment,

o The different approaches needed for safety and security cul-
ture.

This requires knowledgeable experts in safety risks to effect-
ively communicate these topics. To overcome FPP licensing
and regulatory challenges, stakeholders will need to be con-
vinced of:

o The lower long-term risks of FPPs in postulated accidents
(DBA and DEC),

o The absence of final disposal needs for high level waste, and

o The need to reduce the environmental footprint of FPPs in
during normal operation.

The third challenge is therefore the adequate and effective
communication of fusion risk specificities and the propagation
of fusion safety culture to all stakeholders, both internal and
external.
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4. Recommendations

4.1 Regulations

FPP design is in its infancy with several design options under
consideration, hence there is a need for flexibility in the
requirements and regulatory approach to be applied whilst
maintaining the fundamental safety goals of protecting work-
ers, the environment, and members of the public. FPP regula-
tions should consider whenever possible a goal-setting regu-
latory approach, recognise the need for emergency prepared-
ness, consider the importance of transparency, education, and
information of the public especially in relation to routine tri-
tium discharges, consider the importance of radioactive waste
minimisation and optimized management [9—11] and the need
for standards and requirements for pressurized equipment to
be consistent with FPP specificities.

Recommendation 1—goal setting regulation

Based on the experience of ITER and JET and the current
need for flexibility to accommodate emerging technolo-
gies, a goal—setting regulatory approach should be adop-
ted whenever possible for FPP design, construction, com-
missioning, operation, and decommissioning, to allow the
operator to apply a proportionate approach to reflect the
FPP hazard potential.

Recommendation 2—criteria for emergency reference levels
in regulations

A design objective for FPPs should be that no accident or
event within the design basis should result in the release
of radioactive materials that would require offsite emer-
gency countermeasures or further restrictions of the civil-
ian population outside the plant.

For DECs, countermeasures may be temporarily
accepted for short-term periods (for the closest reference
groups), limited in time and space.

Recommendation 3—environmental criteria for larger public
acceptance

To encourage public acceptance of future FPPs, trans-
parency, education, and information of the public with
respect to tritium discharges is necessary for the deploy-
ment of FPPs.

Recommendation 4—radioactive waste production

For the future global deployment of FPPs, the fusion com-
munity should make every effort to get Governments to
seek international agreement on the need for uniform-
ity of waste acceptance, storage and disposal criteria and

understanding of fusion specificities. Minimization of
radioactive waste shall be of primary consideration. Any
material, and their impurity, that would lead to highly
activated long lived materials from neutron activation in
FPPs should be avoided.

Recommendation 5—regulation of FPP pressurized systems

Specific European regulations on pressurized equipment
shall be written for FPPs or adapted from the exist-
ing set of the European Directives to consider fusion
specificities.

4.2. International databases, codes and standards

International databases, codes and standards will be needed
to support FPP designers, regulators, and operators. The
applicability of such databases, codes and standards initially
developed for fission need to be further assessed and could
lead to the identification of areas where adaptation may help
in considering the specificity of FPPs.

Recommendation 6—international database

Internationally verified and validated analysis codes
should be developed to ease the acceptability of simula-
tion by local authorities.

A list of topics for which international databases
are needed to consider the specificity of FPPs shall be
assessed, with regards to data on fusion technologies and
operating modes as well as to fusion material nuclides
effects and complex maintenance activities.

Recommendation 7—FPP codes and standards

Codes and standards, developed for fission facilities, are
used by designers, regulators, and operators of nuclear
plants. These codes and standards (e.g. ISO, IEC) should
consider fusion specificities.

A list of these fusion specificities should be estab-
lished, topic by topic, to identify the nuclear and/or
industrial codes and standards that are applicable, non-
applicable, to be newly created and necessitating adapt-
ations. This must be conducted with regards to mater-
ials specific to fusion, fusion technologies, and safety
methodologies.

4.3. Safety demonstration and rules

Safety demonstration and rules should be developed and adap-
ted for FPPs to allow more flexibility to reflect the hazard
potential of FPPs and should be based on a Graded Approach.
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Given the current stage in FPP development, safety demonstra-
tion shall be based on an initial deterministic approach com-
plemented by the application of a probabilistic approach, lim-
ited at the categorization of postulated initiating events and the
identification of the hierarchy between events.

Recommendation
demonstration

8—graded approach to safety

The safety demonstration rules that are applied at an inter-
national level for FPPs should be developed and adapted
to allow more flexibility with regards to the risks asso-
ciated with routine or accidental releases. This graded
approach applies as follows:

no systematic application of the single failure criterion
when the short- and long-term consequences of accident
scenarios are low,

acceptance of potential common mode failures when
the short- and long-term consequences of accident scen-
arios are low,

no systematic combination of loads when the con-
sequences of accident scenarios are low,

adaptation of DECs to the FPPs.

Recommendation 9—deterministic and

approaches

probabilistic

Given the current stage in FPP development safety
demonstration shall be based on an initial deterministic
approach (using conservative assumptions), with appro-
priate lines of defence that are proportionate to the hazard
potential. This approach should be complemented by the
application of a probabilistic approach, limited at the cat-
egorization of postulated initiating events and the iden-
tification of the hierarchy between events. The failure
rates are not sufficiently well known; therefore, sensit-
ivity analyses need to be conducted to refine the safety
requirements definition.

4.4. International regulatory approaches for the licensing
process

International Regulatory Approaches for the licensing process
need to reflect the FPP hazard potential and be consistent with
the IAEA Fundamental Safety Principles [1] and, preferably,
technology neutral. There is a need for international agreement
on what constitutes an appropriate legal and safety regulatory
approach for FPPs.

Recommendation 10—consensus on a regulatory framework
for FPPs

To enable the global deployment of FPPs, the fusion
community should make every effort to get [AEA and

members states to seek international agreement on what
constitutes the basis of an appropriate legal and safety reg-
ulatory framework for FPPs that should be delivered by
the national regulator.

Since, at present, FPPs are not within the scope of the
Council Directive 2009/71/Euratom [12] ‘Establishing a
community framework for the nuclear safety of nuclear
installation’, options for the regulation of future FPPs
should be defined and assessed to develop an appropriate
regulatory framework.

Recommendation 11—implementing a legal and regulatory
framework for FPPs

A new regulatory framework for future FPPs should be
consistent with the TAEA Fundamental Safety Principles
[1] and, preferably, technology neutral.

Recommendation 12—prescriptive regulatory frameworks

For countries using a prescriptive approach to regulation,
any regulatory requirements and regulations relating to
the safety of FPPs should be based on a graded approach
and be proportionate to the hazard potential of a FPP.

5. Conclusions

The analysis of the lessons learnt from existing fusion facilit-
ies, the review of reports by IAEA and European Commission
on FPP safety and the on-going work by UK government, US
NRC and Canadian CSNC has led to the identification of com-
monalities between fusion and fission in terms of fundamental
safety objectives, even though they were initially shaped for
nuclear fission characteristics. Nevertheless, there are differ-
ences in the implementation of a common methodology due
to differences in hazard potential (i.e. unmitigated risks) and
in the physical principles behind these two types of reactors,
together with their associated technologies.

The regulation and licensing of FPPs requires an assess-
ment of whether the current set of national or international
safety standards for NPPs are FPP appropriate given the inher-
ent lower hazard potential to remain proportionate with the
associated safety challenges.

Regulatory frameworks depend upon a country’s legal
framework, therefore it is apparent that a common global reg-
ulatory framework for FPPs is not possible. However, as with
present-day NPP regulation, efforts could be made to develop
harmonised approaches to FPP regulation to provide common
levels of protection.

In view of this objective, 12 recommendations have been
presented relating to 4 areas of adaptation to the FPP
challenges:
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e Regulations—considering whenever possible a goal-setting
regulatory approach; recognising the need for emergency
preparedness; considering the importance of transpar-
ency, education, and information of the public especially
in relation to routine tritium discharges; the importance
of radioactive waste minimisation and optimized man-
agement; and the need for standards and requirements
for pressurized equipment to be consistent with FPP
specificities.

o International databases, codes and standards will be
needed to support FPP designers, regulators, and operat-
ors. The applicability of such databases, codes and stand-
ards initially developed for fission need to be further
assessed and could lead to the identification of areas
where adaptation may help in considering the specificity of
FPPs.

e Safety demonstration and rules should be developed and
adapted for FPPs to allow more flexibility to reflect the haz-
ard potential of FPPs and should be based on a Graded
Approach. Given the current stage in FPP development
safety demonstration shall be based on an initial determin-
istic approach complemented by the application of a prob-
abilistic approach, limited at the categorization of postu-
lated initiating events and the identification of the hierarchy
between events.

e International regulatory approaches for the licens-
ing process need to reflect the FPP hazard potential
and be consistent with the TAEA Fundamental Safety
Principles [1] and, preferably, technology neutral. There
is a need for international agreement on what consti-
tutes an appropriate legal and safety regulatory approach
for FPPs.

Further activities are now required to address this topic. The
next step is to establish a list of fusion specificities to identify
their impact on safety and therefore the applicability of cer-
tain nuclear and/or industrial codes and standards, together
with codes and standards that are not applicable, and the areas
where new codes and standards need to be developed. At
this stage, we have not given a recommendation concerning
the external liability of the FPP operator, but liability issues
should also be considered. In particular, new criteria related to
fusion activities could be introduced in the Paris Convention
or in an analogous liability framework most applicable for
fusion [13].

The development of FPP specific codes and standards,
safety goals and a technology neutral safety regulatory frame-
work will need to be supported by a consistent communication
strategy. For fusion success, it is critical to educate and inform
the public and politicians about the safety of FPPs including
their hazard potential, their safety characteristics, the safety
measures that ensure that risks to workers and the public are
ALARP/ALARA, the impact on the public of design basis
and design extension accidents, the scale and management of

radioactive waste and the precautions that are taken to protect
the environment.
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