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A B S T R A C T

The ITER facility has been licensed by the French authorities as the basic nuclear facility 174 (in French,
Installation Nucléaire de Base, INB) through a dedicated decree issued in 2012.

The nuclear safety case was provided in documents submitted to the regulatory authorities and subjected to
an extensive examination process. The process continues with a substantial number of recommendations made
by the French Regulator and commitments taken by the ITER Organization to improve and extend the scope of
some safety analyses, complete R&D in some areas and justify some of the safety provisions taken in the design.

This paper presents the nuclear safety case for ITER and the status of the answers to the recommendations and
commitments. This highlights what are the main challenges raised by the French regulator with regards to the
safety demonstration such as risks of dispersal of radioactive materials, design of the buildings, design of the
equipment for the first confinement system of the tokamak building, risks of exposure to ionizing radiation,
internal and external risks, accidents analysis, radioactive waste and decommissioning, and liquid and gaseous
effluents

1. Introduction

The ITER facility, currently under construction at Cadarache in the
south of France, has been licensed by the French authorities as the basic
nuclear facility 174 (in French, Installation Nucléaire de Base, INB)
through a dedicated Decree issued in 2012 [1]. The facility is cate-
gorized as an INB because of the inventory of radioactive materials that
will be present in the facility.

The nuclear safety case for ITER depends upon a demonstration that
the radiological hazards—tritium and the products of neutron activa-
tion—are minimized and well-controlled in all normal and abnormal
situations. The environmental impacts of normal operation have to be
shown to be minimal, the radiological impacts on personnel to be as
low as reasonably achievable, the generation of liquid and solid
radioactive waste to be minimized, and the potential impacts of pos-
tulated accidents to be limited. This demonstration was provided in
documents submitted to the regulatory authorities and subjected to an
extensive examination process. The process continues with a substantial
number of recommendations made by the French Regulator and com-
mitments taken by IO to improve and extend the scope of some safety
analyses, complete R&D in some areas and justify some of the safety
provisions taken in the design.

This paper presents the nuclear safety case for ITER and the status of
the answers to the recommendations and commitments in order to
show what are the main challenges raised by the French regulator with

regards to the safety demonstration.

2. ITER nuclear safety case

2.1. Basis of ITER safety

ITER is classified as a nuclear facility. Radiological risks to workers,
the public and the environment therefore need to be assessed and
controlled.

The following fundamental safety objectives are adopted and are
part of the safety case:

• to protect workers, the public and the environment from harm,

• to ensure in all situation that exposure to hazards within the pre-
mises and due to release of hazardous material from the premises is
controlled, kept below prescribed limits and minimized to the extent
reasonably achievable,

• to prevent accidents with high consequences,

• to ensure that the consequences of more frequent incidents, if any,
are minor,

• to ensure that the consequences of accidents and incidents are
bounded and that the likelihood is small,

• to demonstrate that the favorable safety characteristics of fusion
permit a safety approach that limits the hazards from accidents such
that in any event there is no need for public evacuation on technical
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grounds,

• to minimize radioactive waste hazards and volumes to the extent
reasonably achievable.

These fundamental safety objectives can be achieved by applying
defense-in-depth to the safety design of ITER, to prevent or reduce the
occurrence of incident or accident situations resulting from the failure
of equipment or systems enabling to limit the impact of human errors
and from internal or external hazards. Safety measures are adopted for
each defense-in-depth level to maintain the integrity of the physical
barriers between radioactive or toxic materials, and the workers, the
public and environment under normal, incident and accident condi-
tions.

These fundamental safety objectives are also achieved by im-
plementing the ALARA principle (As Low As Reasonably Achievable). It
relies on the integration of dose minimization principles (in particular
during the design phase based on forecast analysis of doses to be re-
ceived during future operations) to reduce effective collective doses and
individual doses during high-exposure interventions such as main-
tenance. The experience feedback from existing and previous experi-
mental fusion devices and laboratories is used to define optimization
objectives.

2.2. General safety objectives

General Safety Objectives have been established to quantify the
impact of design basis operating conditions (including facility config-
urations and maintenance operations) and beyond-design-basis situa-
tions. As mentioned in [2], for the public and the environment, the
impact of normal operation must be as low as reasonably achievable
(ALARA) and always below 0.1 mSv/year, any incident should have an
impact below 0.1 mSv, and any accident less than 10 mSv with no need
for counter-measures (confinement, evacuation) or restriction of con-
sumption of animal or vegetable products.

For occupational safety, an individual dose limit of 2.5mSv/year is
adopted, with a requirement to keep all doses ALARA. A collective dose
limit of 500 person-mSv/year is also adopted for normal operation and
maintenance activities (planned and corrective maintenance). Any in-
cident must be ALARA and in any case have an impact below 10mSv
per incident (situations in design basis). The constraints related to the
management of the accident and post-accident situation need to be
taken into account.

2.3. Safety functions

There are two fundamental safety functions required for the ITER
facility:

• radioactive or toxic material confinement: ensuring the personnel,
public and the environment are protected against radioactive or
toxic (such as beryllium) material releases. This function is achieved
with confinement systems associating physical barriers and dynamic
confinement,

• limitation of internal and external exposure to ionizing radiation.

The systems, structures and components (SSCs) that perform a
safety function and contribute towards the General Safety Objectives at
ITER during incident/accident situations are considered as Protection
Important Components. It concerns also SSCs that act as protection of
systems for confinement and limiting exposure (such as management of
pressure, fire detection/mitigation or management of mobilizable
radioactive inventory). Supporting functions such as SSCs providing
auxiliaries essential for implementing safety functions (electrical power
supply, instrument & control, compressed air, etc…) or monitoring
plant status (safety functions, radiation monitoring, etc…) are also
considered as PICs.

3. Licensing process

3.1. Background

The licensing process has been described in [2]. In 2010, ITER Or-
ganization submitted to the French authorities (Autorité de SÛreté Nu-
cléaire (ASN) and Environmental Authority) the safety files required to
request the authorization to construct ITER at Cadarache, the Demande
d’Autorisation de Création, known as the DAC files. These files cover in
particular the preliminary safety report (Rapport Préliminaire de SÛreté –
RPrS) and an impact study. Following the examination process, the ASN
convene a standing committee of independent experts, Groupe Perma-
nent (GP), to consider the outcomes of the examination and deliver an
opinion on the granting of the decree to authorize ITER construction.
Based on the outcomes of the GP and the recommendation of the ASN,
the decree to authorize ITER construction has been granted by the
French government in 2012 [1].

There are associated conditions and requirements, including the
recommendations and commitments taken at the GP, that are gathered
in ASN decision [3]. These are linked to issues that have been identified
during the examination process and the standing committee and for
which ITER Organization, as nuclear operator, shall provide additional
studies and demonstration before the next step of the licensing.

The decree [1], as well as the ASN decision [3], fixes requirements
on which the safety case has been established, and will continue to be
developed.

3.2. Continuation of the safety demonstration

When the DAC files were submitted, the design of some of the
systems was not finalized and optimization was still on-going. Moreover
the Regulator asked for more in-depth analyses.

The main topics on which ITER Organization has been asked to
provide more detailed analysis are the following:

• Risk analysis: safety functions and Protection Important
Components, internal risks (nuclear and non-nuclear), external ha-
zards (linked to the environment and the human activities),

• Accidents analysis: accident identification and characterization,
onsite emergency plan design,

• Waste and Decommissioning: waste characterization and disposal,
operational waste management, decommissioning,

• Liquid and gaseous effluents: optimization of effluent releases,
consequences of chemical and radioactive effluent releases, en-
vironmental consequences of chemical effluent releases.

About 150 safety files linked to the recommendations and com-
mitments have been provided, up to now, by ITER Organization to the
Regulator. It represents about 80% of the files to be provided at this
stage of the Project.

This review does not pretend to be comprehensive but highlight will
be put on some of the aspects that are being scrutinized by the
Regulator and on which ITER has provided deeper analyses.

3.2.1. Risk analysis
3.2.1.1. Risks of dispersal of radioactive or toxic materials. The
confinement of the radioactive or toxic materials is mainly provided
by two systems. The first system consisting of process equipment placed
between the materials and the operators and the second system
consisting of the walls of the rooms and the buildings. Each of these
two confinement systems is based on static and dynamic confinement.
One of the main concerns of the Regulator is linked the efficiency of the
detritiation systems (DS) in all the operating modes. The design of DS,
based on the use of Scrubber Columns is the subject of an extensive R&
D program. In particular the hydrogen oxidation efficiency, that could
impact the overall detritiation efficiency, is being studied in presence of
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