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IRSN
Enhancing nuclear safety
IRSN is a public authority with industrial and commercial
activities set up in 2001. Its activities were incorporated in
Law 2015-992 of 17 August 2015 on green growth energy
transition. It is supervised jointly by the Ministers of
Ecology, Research, Industry, Health and Defence.

A

s a public expert on nuclear and radiological risks, IRSN, through its
research, assessment and monitoring activities, evaluates the scientific and
technical issues relating to such risks. The scope of its activities both in
France and abroad is wide and varied, and includes the safety of nuclear
facilities, transport and radioactive waste, monitoring the environment and
the health of workers and patients, advice and response in the event of a radiological
risk, and human radiation protection in normal and accident situations. Its expertise
also comes into play in similar defence-related activities.
IRSN contributes directly to national policy in the field of nuclear safety, human and
environmental protection against ionising radiation, and the protection of nuclear
materials, facilities, and transport of radioactive materials against malicious acts. In this
area, it interacts with all the stakeholders concerned by these risks: public authorities,
particularly nuclear safety and security regulators, local authorities, businesses, research
organisations, associations, and civil society stakeholders and representatives.
Another of its concerns is to keep the public informed by publishing the findings of its
work. Through its activities, IRSN is also involved in major public policies in other areas
such as research and innovation and occupational and environmental health.

IRSN has a workforce of some

1,700 employees
including many engineers, doctors, agronomists,
veterinarians, technicians, experts and researchers.
To carry out its work effectively, IRSN has a

budget of some €300 million

Safety and radiation
protection require
continuous vigilance on the
part of all those involved
and can never be taken for
granted. They must remain
an absolute priority to ensure
continuous improvement.
For IRSN, achieving this
goal implies constantly
expanding knowledge gained
from two complementary
sources, namely research
and careful analysis of
national and international
operating experience
feedback. Constantly
improving knowledge in
this way is essential for
performing state-of-the-art
nuclear and radiological risk
assessments that accurately
reflect operational and
ground realities.

As part of its activities, IRSN carries out a continuous technical watch on safety
and radiation protection for civil basic nuclear installations and transport of
radioactive materials for civil use in France.
This work involves analysing significant events concerning these installations
and transport activities that are reported by licensees to ASN, the French
Nuclear Safety Authority. The purpose of this analysis is to draw lessons to
provide IRSN with additional feedback. IRSN carries out in-depth analysis of
the most important events. It also performs a more general examination of
these events to highlight overall lessons and trends and to identify areas for
improvement that call for particularly close attention on the part of licensees.
The results of these overall analyses are presented in three reports:

"IRSN's Position on Safety and Radiation Protection at Nuclear
Power Plants in France", a report published every year since 2008,
concerns the 58 nuclear pressurised-water reactors currently operated
by EDF.

"Safety at Basic Nuclear Installations other than Nuclear Power
Plants: Lessons Learned from Significant Events Reported in (year)",
a report published every two years since 2009, concerns nuclear fuel cycle
facilities, research laboratories and reactors, radioactive waste treatment,
storage or disposal facilities, as well as facilities that have been shut
down and are currently undergoing clean-up or dismantling operations.

"Safety of the Transport of Radioactive Materials for Civilian Use
in France - Lessons Learned by IRSN from Analysis of Significant
Events Reported in (year)", a report published every two years since
2008, concerns the transport of of radioactive materials for civil use in
France.

M http://www.irsn.fr/FR/IRSN/Publications/
barometre/Pages/default.aspx#.VjeIGYRdf04

As risks relating to nuclear activities are a major concern for the French public, as reflected in the annual M IRSN Barometer on the perception of risks
and safety, these reports are intended to inform stakeholders and the general public to improve their understanding of concrete issues in safety and
radiation protection. With this in mind, the reports also address "general" or
"cross-cutting" topics where IRSN's expertise has helped to enhance safety
and radiation protection.
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Every two years since 2009, in line with its policy to improve transparency,
IRSN has published the lessons learned from its analysis of significant
events which have occurred at basic nuclear installations (INBs) in France
other than nuclear power plants (NPPs) operated by EDF.
This, the fourth such report, covers events reported in 2013 and 2014. It
aims to present key developments compared to previous years, and to
highlight advances observed as well as any areas for improvement and
progress in safety.
The presentation of this report has been enhanced to make it clearer and
explain certain points for the stakeholders involved and the public, to give
them a better understanding of the safety and radiation protection issues
related to this type of installation.
IRSN's analysis of significant events at INBs other than NPPs for
2013 and 2014 does not find any particularly noteworthy changes. In
particular, none of the events reported had any significant consequences
for workers or the environment, nor did they lead to any major failure
of the risk control measures applied at these installations. Several key
events which occurred in 2013 or 2014 are described to illustrate the
analysis.
The analysis reveals a substantial reduction, in 2014, in the number of
events related to handling operations, mainly as a result of the licensees'
efforts to enhance the reliability of the human and organisational
measures applicable during such operations.
Regarding the recurrence of events related to the prevention of criticality
risks observed in recent years at the FBFC plant in Romans-sur-Isère, it
should be mentioned that the licensee has initiated a major programme to
improve strict observance of operating procedures.
Last, as a result of its analysis of these events, IRSN draws attention to
the work which remains to be done by licensees, in general, to improve
control of their facilities' safety baseline, plan clean-up and dismantling
at these installations more effectively and ensure that workers at
installations observe access conditions in controlled areas more
rigorously.
I hope that will you find this report interesting and that it will provide
the information you require. In the interests of continuous improvement,
please do not hesitate to send me any comments you may have.
Jacques Repussard
IRSN Director-General

Key events
in 2013 and 2014
Background

On 31 December 2014, there
were 82 civil basic nuclear
installations (INBs) other than
nuclear power plants (NPPs)
in France. Of these, 50 were in
service and 32 had been decommissioned or were subject to a
decree authorising final shutdown and decommissioning.
Throughout the period 20132014, there were no differences in the number or nature
of these INBs compared to the
period 2011-2012. The facilities
dealt with in this report are therefore the same as those covered
in the report for 2011 and 2012
(M "public report on INBs other
than NPPs in 2011-2012").
Unlike power reactors, which are
technically similar and operated
by a single licensee (EDF), INBs
other than NPPs are extremely
diverse in nature and are mainly
distinguished by the fact that:
› the nature and scale of the
risks involved in operating them, together with the
potential consequences for
workers, the public and the
environment, differ from one
installation to the next;
› safety at such facilities is the
responsibility of around twenty

Types of facility in the public report on INBs
other than NPPs, 2013-2014
For the purposes of its analysis, as in the M public report on INBs
other than nuclear power plants, 2011-2012, IRSN grouped the 82
INBs other than NPPs into five major categories (see Figure 1):
➔ industrial fuel cycle facilities (INBs associated
with uranium enrichment, nuclear fuel fabrication and
spent fuel reprocessing);
➔ industrial non-fuel-cycle facilities (irradiation or ionisation
facilities, maintenance facilities for
equipment from other INBs and low-level radioactive
waste conditioning facilities);
➔ research facilities and related support facilities (CEA research
laboratories and facilities for managing solid waste and treating
radioactive liquid effluent, together with reactors used for scientific
and technological research and for nuclear power plant operating
support);
➔ facilities which have been decommissioned and are currently
at the preparatory phase of dismantling (clean-up) and those for
which a decree authorising final shutdown and decommissioning
(MAD-DEM decree) has been published;
➔ low- and intermediate-level radioactive waste disposal facilities,
i.e. CSM (Manche) and CSA (Aube).

Figure 1

Number of INBs other than NPPs, on
31/12/2014, by type of installation
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different licensees (research
organisations, industrial operators, etc.).
The general regulations applicable to the design, construction,
operating, decommissioning,
dismantling, maintenance and
monitoring of these INBs are primarily set out in M the Order of
7 February 2012 setting general
rules for basic nuclear installations which largely entered into
force on 1 July 2013 and, in
2013 and 2014, was added to by
three decisions imposing technical and legal constraints on INB
licensees, relative to "controlling
pollution and the impact of INBs
on health and the environment",
"controlling risks related to fire at
INBs" and "managing criticality
risks at INBs".
The safety and radiation protection measures implemented at
such installations are defined as
part of a primarily deterministic
approach aimed at preventing
incidents and accidents and
mitigating the consequences
should they occur in spite of everything, based on the concept of
"defence in depth" and on the
radiation protection principles
set out in the French Public
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Health Code. Furthermore, fundamental to the safety approach
is the fact that safety can never
be taken for granted; we must

continually seek to improve it,
factoring in new knowledge as
it becomes available as well
as feedback from operating

experience (dosimetry, waste
and effluent management, incidents and accidents, etc.).

Lessons learned from
significant events
The lessons which IRSN has
drawn from its analysis of events
at INBs other than NPPs
reported to ASN in 2013 and
2014 are the subject of the fourth
public report by IRSN. The previous three reports covered the
period from 2005 to 2012.
Overview
Since the increase observed in
2008 and 2009, the annual number of events reported to ASN has
tended to "stabilise" at around
200 to 220. In 2013 and in
2014, there was no significant
change in the number of events

Reporting significant
events and event reports

compared with the preceding
years (Figure 2).
For IRSN, events occurring at
facilities should be thought of
as alerts reflecting malfunctions, of various scale, which
must be analysed and understood, within the framework of
using operating feedback to
identify ways to improve safety.
Around 70% of these events were
related to safety, the majority
involving the risk of dispersing
radioactive substances, and less
than 15% were related to radiation protection, mainly involving

inadequate planning for clean-up
or dismantling works or a failure
to observe radiological zoning at
facilities. The other events were
related to the environment, with
half of these having no radiological consequences. This
breakdown is similar to that of
previous years.
None of the events reported
had any significant consequences for workers or the
environment, nor did they lead
to any major failure in the risk
control measures applied at
these facilities.

Licensees must report to
ASN, within two working
days, any significant event
related to safety at their
facilities or to radiation
protection for workers or the
public or the environment,
regardless of whether or
not the event results in
radiological consequences.
They must then, within two
months, submit to ASN a
detailed report on the event
(a Significant Event Report,
or CRES). More specifically,
this report must present
the sequence of events,
an analysis of the causes
and consequences (e.g.
measurement results)
and any technical or
operational measures
designed to prevent such
an event recurring.
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In 2013 and 2014, no events were
classified by ASN as Level 2 on
the INES scale.

The safety documentation
The safety documentation for
a nuclear installation brings
together all the external
requirements (regulatory
requirements, manufacturer's
instructions, etc.) and internal
requirements (safety analysis
report, general operating
rules, operating procedures,
work organisation
procedures, etc.).
This documentation is crucial
to effective risk management.
It ensures (in particular by
means of safety analysis) that
the licensee has deployed an
adequate number of lines of
defence and will maintain
their performance over time.

Risks related to clean-up and
dismantling operations at
INBs other than NPPs
The risks at facilities
undergoing clean-up and
dismantling are often very
different from those that
existed while they were
in service. Risks to the
environment are generally
lower, since a large
proportion of the radioactive
material present during
operating has been removed.
However, the risks of worker
exposure to ionising radiation
are higher due to the nature
of the operations, which
may require personnel to
work in close proximity to
the radioactive material still
present or to irradiating
equipment (dismantling
or cutting equipment,
etc.). In addition, certain
risks encountered during
operating may become
predominant (e.g. risk of
fire associated with cutting
operations).

The overall analysis of events at
the 82 INBs other than nuclear
power plants in France which
were reported to ASN in 2013
and 2014 does not reveal any
significant deterioration in
safety at these INBs during
this period.
Improvements
observed…
Among
the
improvements
observed in 2013 and 2014, IRSN
found two subjects of particular
interest:
› a significant decrease in the
number of events related to
handling operations reported in
2014 (Figure 3). This decrease
was mainly seen at the AREVA
NC La Hague site and at the
the radioactive waste storage
facilities operated by the CEA
where, in the past, a recurrence of such events had been
noted (see the M public report
on INBs other than NPPs for
2011-2012).
This decrease suggests that the
efforts made by the licensees to
control the related risks, based
mainly on organisational and
human measures (including, for
example, organising meetings
as close to the operation as
possible to share information
on risks and protection measures), have borne fruit;

›
criticality risk prevention at
the FBFC site in Romans-surIsère; in 2011 and 2012, half
the "criticality" events occurred
at this site. At the beginning of
2013, the licensee launched
an improvement programme
aimed at factoring in feedback
on the events that had occurred,
mainly related to faults affecting
work organisation, inadequate
operating documentation and
inadequate knowledge of the
regulations on the part of the
operators.
IRSN is currently examining
the improvement programme
deployed by the licensee, as
part of its assessment of the
safety reassessment of the
FBFC plant, which manufactures fuel for PWRs. The conclusions of this assessment will
be presented to the Advisory
Committee for Laboratories
and Plants at a meeting to be
held in 2016. The information
available at this stage suggests that the programme
implemented by the licensee is
appropriate to improving management of criticality risks at
the site.
… and points still
requiring vigilance
Licensees must be particularly
vigilant with regard to the three
subjects outlined below, largely
revealed by an increase and
recurrence of the same type of
events in 2013 and 2014:

Handling
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This feedback illustrates the
need for licensees to analyse
events in greater depth. They
should focus on reviewing the
relevance of their facility's
safety documentation and the
process of revising and updating operating requirements
related to risk management.
They should make sure that
these requirements fully reflect
constraints specific to actual
activity at the facility;
›
in-depth and comprehensive planning of installation
clean-up and dismantling
operations; on this subject,
IRSN's analysis of two events
involving internal contamination of workers, reported in
February and March 2013 by
the licensee for the CEA facilities at Fontenay-aux-Roses,
revealed that specific features
and constraints had not been
adequately taken into account
(fragmented operating records
for a piece of equipment or
installation, difficult access to
certain work areas, etc.) during
dismantling works.

10
8

Number of events related
to handling operations
reported to ASN between
2011 and 2014

›
full control over the safety
documentation
for
their
facilities (around a quarter of
"safety-related" and "radiation protection-related" events
in 2013 and 2014); IRSN's
cross-cutting
analysis
of
events reveals a large number of cases for which parts
of the safety documentation
are not fully understood at the
facilities, or are not applied, are
inaccurate or not applicable to
the situation. In the Significant
Event Reports, the licensees
frequently mention that such
events are caused by a lack of
rigour or of skills on the part of
the operators; nonetheless, in
the majority of cases, this is not
the root cause of these events
in IRSN's opinion.

2012

2013

2014

This feedback confirms the
finding that licensees must
accord greater importance
to preparatory studies and to
analysing the risks related to
operations at facilities undergoing clean-up or dismantling,
especially with regard to managing the risks of workers being
exposed to ionising radiation;
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Example of the dosimeters worn by
operators in controlled areas

› ensuring more rigorously that
personnel observe access conditions to controlled areas and
comply with the radiological
zoning implemented; IRSN's
analysis reveals that the causes
of the events in question are
mostly related to organisational
and human factors, particularly
with regard to wearing passive
or operational dosimeters when
accessing controlled areas.
Similar findings have been
described by IRSN, with regard
to power reactors, in its M report
on safety and radiation protection at nuclear power plants in
France in 2014.

Feedback shows that, given
the severity of the potential
radiological
consequences
for personnel, licensees must
pay constant attention to
researching and implementing
good practices aimed at ensuring compliance with access
requirements to controlled
areas, a key factor in preventing
the risk of exposure to ionising
radiation.

Lessons learned from
safety reassessments
The periodic safety
review file

Under the regulations, a periodic
safety review of every INB is
required every ten years. This
is part of the continuous safety
improvement process developed
by taking account of the lessons
learned from feedback on day-today operating at the installation.
In this report, IRSN presents a
summary and the key lessons
learned from its assessment, in
2013 and 2014, of the first periodic safety review files for the
UP3-A spent fuel reprocessing
plant at the AREVA NC La Hague
site, the MELOX MOX fuel fabrication plant, the CEA/Cadarache
solid waste treatment facility and
the Phenix reactor.
One of the lessons that
IRSN has learned from these
assessments is related to the
importance of the approach
and methods implemented,
by the licensees, to review
compliance and check on the
management of ageing phenomena, particularly with a

view to taking into account "as
closely as possible" the specific nature of the installation
in question and its expected
operating outlook until the next
periodic safety review.
For example, the UP3-A plant
workshops are housed in around
fifty buildings containing around
4,500 rooms or units, 1,900 of
which are high- or very highlevel radiological areas in which
many mechanical and chemical
procedures are carried out; for
the licensee, assessing compliance involved demonstrating the
representativeness of the "control" equipment that must be
assessed among all equipment
related to risk control. Similarly,
given that the Phenix plant was
at the MAD-DEM stage, the compliance assessment included the
state of civil engineering structures, together with ageing of the
lifting and handling equipment to
verify whether or not this equipment was suitable for controlling
handling risks, in view of future

operations for which it would still
be used under similar conditions
to those while the plant was still
in service.
In addition, thanks to its assessment of the periodic safety review
of facilities, IRSN has identified
areas in which licensees must
improve risk control. For example, at the MELOX plant, IRSN's
assessment highlights the need
to improve control of the risk of
workers' exposure to ionising
radiation at work stations, to
factor in constraints implied by
the licensee's plan to use different materials at the plant over the
next ten years.

A periodic safety review file
includes:
➔ an examination of the
facility’s compliance with
its safety documentation:
this aims to ensure
that any changes to the
facility or to operating
conditions, primarily due to
modifications, obsolescence
or ageing of equipment or
buildings, together with any
changes to its environment,
comply with the safety
demonstration set out in
the design and operating
documents;
➔ a reassessment of safety
at the facility in light
of operating feedback,
available knowledge and
the latest regulations and
practices brought into
effect relative to safety and
radiation protection.
This file also includes
a section presenting
the conclusions of the
reassessment carried out
and, if applicable, any
measures designed to
resolve the anomalies found
and improve facility safety.
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Basic nuclear installations
other than nuclear power
plants in France

Regulatory framework
The 82 INBs other than nuclear power plants
Information regarding safety at installations

On 31 December 2014, there were 82 civil basic
nuclear installations (INBs) in France which do
not belong in the category of nuclear power
plants. These INBs are extremely diverse in nature
and include: research reactors, laboratories,
plants, waste treatment, storage and disposal
facilities, together with installations that have
been decommissioned or are subject to a decree
authorising decommissioning and dismantling.
The nature and scale of the risks associated with
such installations, together with the potential
consequences for workers, the public and the
environment, differ from one installation to
the next.
All are subject to the regulations applicable to
INBs, which were amended by the "INB Order" of
7 February 2012, most of the provisions of which
entered into force on 1 July 2013.
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1

Regulatory framework

2
3

I

n France, the term "nuclear
activities" refers to all activities involving the implementation or use of radioactive
substances or ionising radiation and which imply a risk
of human exposure to ionising
radiation. The range of such
activities is very broad and
involves diverse sectors, some
of which touch upon all our
daily lives, such as the medical
sector (radiodiagnosis, radiotherapy, nuclear medicine – see
Figure 1.1), industrial test procedures (to detect lead in buildings,
or metallic masses at airports,
weld tests, etc.) or the nuclear
power generation sector (nuclear
power plants, nuclear fuel manufacturing and reprocessing, and
radioactive waste treatment and
disposal).
Such activities are also carried out in other industries (e.g.
industrial irradiation sterilisation
facilities used for the pharmaceutical and agri-food industries,
cyclotrons used for the commercial production of isotopes
for nuclear medicine, etc.) and in
research (research and analysis
laboratories, research reactors,
particle accelerators, etc.).
Given the potential risks to workers, the public and the environment associated with radioactive

Figure 1.1

Conventional hospital radiology unit

substances and ionising radiation, such activities are subject
to a specific judicial framework,
aligned to the scale of the risks
that they are liable to involve.
Depending on the nature, the
quantity and the total activity
level of the radioactive substances1 which may be held or
implemented, certain nuclear
facilities come under the regulations applicable to basic nuclear
installations (INBs). The facilities
that come under this category
are defined in Decree 2007-830
of 11 May 2007 implementing
Article 28 of M Act 2006-686
of 13 June 2006, the Nuclear
Transparency and Security Act,
known as the TSN Act. The
French Nuclear Safety Authority
(ASN) regulates safety and radiation protection at civil INBs.
The life cycle of a INB includes a
number of key regulated stages,
from development through to
decommissioning, each of which
is subject to licensing based on
the examination of safety and
radiation protection measures
proposed by the licensee at each
stage (Table 1.1).

The French Nuclear
Safety Authority (ASN)
regulates safety and
radiation protection at
civil INBs.
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Table 1.1

Key regulated stages in the life cycle of an INB

STAGE

➝ Construction licence
➝ Operating licence
➝ Periodic safety review (every ten years)
The principle underlying a periodic safety review
The French Environment Code requires all INB licensees to
carry out a review of safety at their installation at least every
ten years.
In particular, this involves verifying the installation's compliance
with the applicable safety documentation and reviewing safety.
This subject is dealt with in more detail in the section on
"Generic issues" below, based on examples of periodic safety
review files examined by IRSN in 2013 and 2014.

➝ Modification licence (to take account of operating feedback
or a change in output, etc.)
➝ Specific reviews (stress tests, etc.)
Developments regarding complementary safety
assessments or “stress tests”
On 3 and 4 July 2013, IRSN presented to the Advisory Committee
for Plants (GPU) and the Advisory Committee for Reactors (GPR),
the conclusions of its analysis of “stress tests” carried out on
INBs which are considered as not presenting the highest safety
risks, known as "Group 2" facilities, submitted by EDF, the CEA,
ITER organisation and CIS Bio International in September 2012.
These stress tests were carried out in response to ASN's
decisions of 5 May 2011, taken to factor in feedback from the
accident at Fukushima Daiichi in Japan, in March 2011. This
analysis also covered stress tests relative to CEA's provision of
emergency response management measures and resources at
the Cadarache site.

© G. MAISONNEUVE/IRSN

M Read IRSN's summary report
http://www.irsn.fr/FR/expertise/rapports_gp/Documents/Reacteurs/IRSN_SyntheseRapport-ECS-Lot2_03-04072013.pdf

➝ Final shutdown and decommissioning licence
➝ Delicensing decision
1. The definition contained in Article L542-1-1 of the French Environment Code states that
"radioactive substances" includes radioactive material and radioactive waste.
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1 FOCUS
Major changes in the regulations relative to INBs in 2013 and 2014
Since the introduction of the "TSN Act", and the M "INB Procedures Decree, No.2007-1557 of
2 November 2007 amended, which defines the framework within which procedures relative to INBs
must be conducted and covers the entire life cycle of an INB (from construction and operating
licences through to shutdown, decommissioning and delicensing*), the regulations applicable to INBs
have been undergoing major changes.

© DR

M The INB Order of 7 February 2012, which sets out the general regulations relative to INBs,
significantly strengthened the applicable regulatory framework by including many specific
requirements (for example, regarding the licensee's responsibility and organisation, the nuclear
safety demonstration, management of pollution and the impact on health and the environment).
Most of the provisions set out in this Order came into force on 1 July 2013.
It is to be completed (Figure 1.2) by around fifteen ASN decisions, which will be technically and
legally binding for INB licensees, specifying the requirements set out in the M Environment Code
(Figure 1.3) and the INB Order.
In 2013 and 2014, ASN published its decisions relative to managing pollution and the impact of
INBs on health and the environment (Decision M 2013-DC-360 of 16 July 2013), controlling the
risk of fire at INBs (Decision M 2014-DC-0417 of 28 January 2014) and controlling criticality risks at
INBs (Decision M 2014-DC-0462 of 7 October 2014).
IRSN is involved in the various stages of the process of defining the technical regulations and draft texts are submitted for public consultation in application of
M Article L.120-1 of the Environment Code.

* The licensee of a dismantled INB, provided it no longer requires control measures as stipulated under the TSN Act, is required to apply to ASN for
a delicensing decision. This application leads to an opinion issued by the municipalities affected, the Local Information Commission (CLI) and the
Advisory Committee on the Safety of Basic Nuclear Installations (CCINB). ASN may then submit a delicensing decision removing the facility from INB
requirements for approval by the ministers responsible for nuclear safety.

Figure 1.3

The French Environment Code

French Environment Code and implementing decrees
ASN decision:
Planned modifications
made available to the
public (Art. L593-15 of
the Environment Code)

ASN decision:
Procedures for
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authorisation systems
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operating rules
WENRA

ASN decision:
Safety reasssment
WENRA

ASN decision:
Equipment modifications
WENRA
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Content of safety
analysis reports
WENRA
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Procedures

ASN Guide No.9:
Determining the scope
of an INB

“INB Order” of 7 February 2012 stipulating general regulations for INBs
TITLE I
GENERAL
PROVISIONS

TITLE II

TITLE III

TITLE IV

TITLE V

TITLE VI

TITLE VII

TITLE VIII

TITLE IX

ORGANISATION AND
RESPONSIBILITY

NUCLEAR SAFETY
DEMONSTRATION

MANAGING
POLLUTION AND
THE IMPACT ON
SAFETY AND THE
ENVIRONMENT

PRESSURE
EQUIPMENT
SPECIFICALLY
DESIGNED FOR INBS

WASTE
MANAGEMENT

EMERGENCY
RESPONSE
PREPAREDNESS AND
MANAGEMENT

SPECIAL PROVISIONS

OTHER, INTERIM AND
FINAL PROVISIONS

ASN decision:
Policy on the
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(PPI) and integrated
management system
(SMI)
WENRA

ASN decision:
Managing fire risks
WENRA

ASN decision:
Managing pollution
and the impact
on health and the
environment

ASN decision:
Spare parts:
terms of use
WENRA

ASN decision:
Report on waste
management and
inventory of waste
produced WENRA

ASN decision:
Emergency situation
WENRA

ASN decision:
Reactor shutdown
(PWR)

ASN Guide:
Emergency response
WENRA

ASN Guide:
Reactor shutdown
(PWR)

ASN Guide:
PPI and SMI
WENRA

ASN Guide:
Managing
criticality risk

ASN decision:
Reporting significant
events

ASN Guide 13:
Protection of INBs
against external
flooding

ASN Guide No.9:
Guide to the event
declaration procedure,
October 2005

ASN decision:
Managing
criticality risk

ASN decision:
Managing pollution
and the impact
of reactors (PWR)
on health and the
environment
ASN decision:
General requirements
applicable to
secondary coolant
system installations
(PWRs)

ASN Guide No.8:
Assessment of Nuclear
Pressure Equipment
compliance
WENRA
ASN Guide No.8:
Implementing the
Order of 12/12/2005
WENRA

ASN decision:
Conditioning
radioactive waste

ASN decision:
Waste storage
conditions WENRA

ASN decision:
Waste disposal
facilities WENRA

ASN decision:
Waste storage
facilities
ASN decision:
Dismantling and
clean-up

Figure 1.2

Example of progress relative to the review of general technical
regulations applicable to INBs (on 12/01/2015)
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adoption
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Draft stage

WENRA: Text relating to WENRA Reference Levels
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1

The 82 INBs other than NPPs

2
3

›› 42 INBs with 58 pressurised
water reactors (PWRs) and the
EPR (European Pressurised
Water Reactor) under construction at the Flamanville site
(Flamanville 3);
›› 9 INBs each including a
research reactor in service or
under construction;
›› 73 INBs including facilities such
as laboratories, plants, waste
treatment, storage or disposal
facilities and facilities definitively
shut down or being dismantled.
The "definitively shut down or
being dismantled" category
includes Generation-1 nuclear
power reactors formerly operated by EDF, but which have
been shutdown for several
years and are now at the predecommissioning stage or for
which a decree authorising final
shutdown and decommissioning (MAD-DEM decree) has
been published (Figure 1.4). In
all cases, since such reactors
no longer contain any nuclear
fuel, they present similar risks
to those of a "laboratory" or
"plant" facility (no risk related
to reactivity or residual power
of fuel in the reactor).
As mentioned above, what follows in this report regards only
the 82 INBs other than NPPs,
termed as such in this report.
Note that, in 2013 and 2014,

On 31 December 2014, there
were 82 civil INBs other
than NPPs in France : Of
these, 50 were in service
and 32 had been definitively
shut down or been subject
to a decree authorising
final shutdown and
decommissioning.
© J. CHIPOT/IRSN
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n 31 December 2014,
there were 124 INBs2
in France, including:

Figure 1.4

The three "Generation-1" reactors at Chinon

there was no change in the
number of INBs other than
NPPs. The INBs examined in
this report are thus the same as
those examined in the M preceding public report on this subject
for 2011 and 2012 (hereinafter
referred to as the "Public report
on INBs other than NPPs for
2011-2012").
Unlike the 42 power reactor INBs,
which are technically similar and
operated by a single licensee
(EDF), the 82 INBs other than
NPPs are mainly distinguished
by the fact that:
›› they are extremely diverse in
nature and the nature and scale
of the risks involved in operating
them, together with the potential consequences for workers,

35
30

the public and the environment,
differ from one installation
to the next;
›› safety is the responsibility of
around twenty "entities" of different types (research bodies,
nuclear industrial firms, public
authorities with industrial and
commercial activities, etc.) who
are the licensees.
For the purposes of this report,
the 82 INBs other than NPPs are
grouped into five main categories
(Figure 1.5):
›› industrial fuel cycle facilities;
›› industrial
non-fuel
cycle
facilities;
›› research facilities and related
support facilities;
›› facilities definitively shutdown or
being dismantled and facilities
undergoing final shutdown and
decommissioning (MAD-DEM);
›› radioactive waste disposal
facilities.

In 2013 and 2014, there
was no change in the
number of INBs other
than NPPs compared to
2011 and 2012.

Unlike the 42 PWR INBs,
which are technically
similar and operated by a
single licensee (EDF), the
82 INBs other than NPPs
are mainly distinguished
by the fact that they are
very different in terms of
activity, related risks and
the licensees responsible
for their safety.

25
20
15
10

2. The M list of INBs, in service and
delicensed respectively, is subject to an ASN
decision published annually.

5
0

Fuel
cycle

Non-fuel
cycle

Research
and support

MAD-DEM

Disposal

Figure 1.5

Number of INBs other than NPPs, on
31/12/2014, by type of installation

3. This categorisation is the same as that
described in the M Public Report on INBs
other than NPPs, 2011 – 2012 available on
IRSN's website.
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INBs other than NPPs

Industrial fuel cycle
facilities

In 2013 and 2014,
industrial fuel cycle
facilities underwent
a number of changes
due to the fact that
some facilities (e.g. the
Georges Besse 1 plant)
permanently ceased
production.

›› 8 INBs, operated by AREVA
Group, associated with operations related to fuel fabrication
for nuclear reactors and irradiated fuel reprocessing:
the TU5 installation for converting uranyl nitrate, from
the AREVA NC La Hague site,
into uranium oxide, located at
the Tricastin site;
the Georges Besse 2 plant
for centrifigal separation
of uranium isotopes, where
all workshops have been in
service since October 2014,
located at the Tricastin site
(Figure 1.6);
the FBFC4 (Franco-Belge de
Fabrication du Combustible)
plants for fabricating uranium
oxide fuel elements (UOx
fuel), one for nuclear power
reactors and the other for
research reactors, located at
the Romans-sur-Isère site;
the MELOX plant5 for the
fabrication of fuel elements
made of uranium and plutonium oxide (MOX fuel), located
at the Marcoule site;
the UP2-800 and UP3-A
irradiated fuel reprocessing
plants and the related STE3
liquid effluent and solid
waste treatment installation,

Figure 1.7

Operators inside
the T1 workshop at
the UP3-A plant

located at the AREVA NC
La Hague site (Figure 1.7);
›› 2 INBs which are "Inter-regional
fuel storage facilities" (MIR), for
storing new fuel for NPPs operated by EDF in France, one at
the Bugey site and the other at
Chinon.

Figure 1.6

4. By Decree 2014-1364 of
14 November 2014, AREVA NP has been
licensed to take over operating INBs
No.63 and No.98 operated by FBFC.
5. By Decree 2013-1108 of
3 December 2013, AREVA NC has been
licensed to take over operating INB
No.151 operated by MELOX SA.
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Georges Besse 2 plant in
service since October 2014

Safety at civil basic nuclear installations other than nuclear power plants in France
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1 FOCUS

1
2

Brief recap of the key stages in the fuel cycle for nuclear power generation in France

3

The fuel cycle (Figure 1.8) covers all operations from fuel fabrication
(usually known as the Front End of the cycle), through fuel irradiation in a
reactor, and through to management of spent fuel (still known as the Back
End of the fuel cycle). Conventionally, the cycle begins with mining the
uranium ore and ends with disposal of various types of radioactive waste
resulting from waste reprocessing and also includes recycling reusable
material resulting from such reprocessing.
In France, Front and Back End operations are performed at facilities
operated by AREVA Group.

4
IRRADIATED FUEL REPROCESSING OPERATIONS

After a period of a few years inside a reactor, irradiated
fuel is removed from the reactor and stored in pools for
cooling (radioactive decay), first in the pools at the same
site as the reactors, and then in those at the AREVA NC La
Hague site, where the fuel is sent for reprocessing. At the
UP2-800 and UP3-A plants at this site, the reprocessed
uranium (URT), which still contains around 0.9% of the
isotope uranium-235, and the plutonium from irradiated fuel
are separated from the fission products and other actinides
before being conditioned and stored for future reuse.

Figure 1.9

Diagrams of a fuel rod
and a fuel assembly
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The UF6 produced is enriched
(i.e. the proportion of 235U
atoms contained in the natural
uranium is enriched from 0.7%
to up to 5%) at the Georges
Besse 2 plant using a centrifuge process.

Cutaway view
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Converting
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Irradiated fuel
reprocessing

➌

Figure 1.8

Fission products and actinides resulting from
spent fuel reprocessing (high-level long-lived
waste, or HLW-LL) are conditioned in glass cast
in stainless steel containers ("glass containers"
- Figure 1.10) while radioactive metal waste
(sections of rod cladding, top and bottom
ends of reprocessed fuel assemblies) which is
intermediate-level long-lived waste, or ILW-LL,
is compacted in the form of pucks and placed in
metal containers. This waste is stored at interim
storage facilities at the AREVA NC La Hague
plant pending a long-term deep geological
disposal solution (Cigeo project***).

Uranium-bearing concentrates ("yellow
cake") fabricated at uranium mining
sites outside France (in Niger, Canada,
Australia, South Africa, etc.) are
converted into uranium tetrafluoride
(UF4) at the AREVA NC Malvési* plant
(UF4 is then converted into uranium
hexafluoride (UF6) at the AREVA NC
Pierrelatte COMURHEX I** plant.

Figure 1.10

Mining
uranium ore

*** French project for the deep geological
disposal of radioactive waste, currently
being examined by Andra in Meuse/HauteMarne. The facility is being designed for the
disposal of high-level and long-lived waste
produced by all current nuclear facilities, up
to dismantling, and from reprocessing spent
fuel from nuclear power plants.

M For more information

http://www.irsn.fr/dechets/Pages/home.aspx

OPERATIONS TO RECYCLE REUSABLE
SUBSTANCES RESULTING FROM
IRRADIATED FUEL REPROCESSING

Plutonium oxide (PuO2) resulting from
irradiated fuel reprocessing is sent to the
MELOX plant to be used in the fabrication
of MOX fuel assemblies used in nuclear
power reactors.

* This plant, the only entry point for natural uranium in France, is not an INB but an ICPE (installation classified on
environmental protection grounds), as is the COMURHEX I conversion plant.
** Pending commissioning of the future COMURHEX II conversion plant, currently in construction, with tests due in early
2018, on 15 July 2015, ASN sent notice of its decision to extend the service life of the current conversion plant (which
was initially scheduled to stop production in July 2015) until 31 December 2017.

© G. GOUÉ/IRSN

Enriched UF6 is transferred to the
FBFC plant at Romans-sur-Isère to
be transformed into uranium oxide
powder which is then compacted in
the form of pellets. After sintering,
these pellets are then inserted
into zirconium alloy cladding to
form fuel rods which, assembled
together, form fuel assemblies
(Figure 1.9).
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Industrial non-fuel
cycle facilities

In December 2013,
Gammatec, the
industrial ionisation
facility, came into
service at the
Marcoule site.

In April 2014,
production started
at Agate, the
effluent treatment
facility at the
Cadarache site.

››12 INBs in service:
artificial radionuclide production plant, operated by
CIS BIO International, located
at the Saclay site;
industrial irradiation or ionisation facilities, which use
sealed radioactive sources
and, using gamma radiation,
process medical devices,
raw materials and end products for the cosmetics and
pharmaceutical industries,
etc., licensed to IONISOS,
in Dagneux, Pouzauges and
Sablé-sur-Sarthe, Synergy
Health in Marseille (Gammaster
installation) and Marcoule
(Gammatec installation, commissioned in December 2013)
and to CEA (Poséidon-Capri)
in Saclay;
facilities used for maintenance of nuclear equipment from other INBs,
operated by EDF (BCOT) at
Tricastin (Figure 1.11) and by
SOMANU at Maubeuge;
the uranium recovery and
clean-up facility operated by
SOCATRI at the Tricastin site;
the CENTRACO installation
for reprocessing, by incineration or melting metals, and
conditioning low-level radioactive waste, operated by

SOCODEI at the Marcoule site;
 PEC, the storage facility,
A
pending decay, of irradiated fuel and materials
from the Superphenix reactor currently being dismantled, operated by EDF at the
Creys-Malville site;

© L. ZYLBERMAN/GRAPHIX-IMAGES/IRSN

INBs other than NPPs

››1 INB for conditioning and
storing activated waste
(ICEDA), under construction
at the EDF Bugey BPP site,
designed for storing radioactive waste (from PWR operating and from dismantling
nuclear reactors) pending its
transfer to a disposal site.
Research facilities
and related
support facilities
››24 INBs in service:
research
laboratories
(examination and testing of
irradiated nuclear fuel, studies and experimental nuclear
fuel fabrication, destructive/
nondestructive characterisation of materials or radioactive
waste, etc.) operated by CEA
at Cadarache (LECA-STAR
and LEFCA laboratories,
CHICADE facility), Marcoule
(ATALANTE laboratory) and
Saclay (LECI laboratory);
support facilities, at the
Cadarache and Saclay sites,

Figure 1.12

Inside the Osiris experimental reactor

some for waste and radioactive liquid effluent management (note that in April 2014,
Agate, an advanced effluent
management and treatment
facility, was brought into
service at Cadarache), and
others for storing fissile material (MCMF, the central fissile material warehouse, and
MAGENTA at Cadarache, for
example);
large-scale heavy ion accelerator (GANIL), operated

Figure 1.11

© J.M. TAILLAT/AREVA

Aerial view of the plants at the Tricastin site
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1

Facilities definitively
shutdown or subject to
a MAD-DEM decree
››13 INBs which were "nuclear
power reactors or research
reactors" (Figure 1.13) :
the CEA's Siloé6 and Ulysse
reactors (MAD-DEM decree
published in August 2014), in
Grenoble and Saclay respectively, and EDF's reactors at
Brennilis, Bugey, Chinon,
Chooz, Creys-Malville and
Saint-Laurent-des-Eaux,
including the two silos used
to store graphite sleeves in
Saint-Laurent-des-Eaux;
Rapsodie,
the
CEA's
experimental reactor, at
Cadarache;
Phenix, the CEA's prototype fast-breeder reactor,
in Marcoule, for which predecommissioning works are
underway;
››11 "laboratory" INBs:
the CEA's "process" installation and "support" units
at Fontenay-aux-Roses;
the CEA's effluent and
solid waste treatment
station, very high-activity laboratory (LAMA) and
storage facility for decay
of radioactive substances
in Grenoble;

2
3
4
The MAD-DEM decrees
for the UP2-400 and
STE2/AT1 facilities
and the ÉLAN IIB
facility were published
in November 2013 and
the MAD-DEM decree
for the Ulysse reactor
was published in
August 2014.

Figure 1.13

Radiological control points during dismantling of a research reactor hall

t
he CEA's high-activity
laboratory (LHA) in Saclay;
the CEA's plutonium technology facility (ATPu),
enriched uranium facility
(ATUE) and chemical purification laboratory (LPC) in
Cadarache;
the CNRS laboratory for
the utilisation of electromagnetic radiation (LURE)
in Orsay;
the irradiated materials
workshop (AMI) in Chinon
for which EDF submitted a
MAD-DEM application to ASN
in June 2013;
››8 "plant" INBs:
the SICN nuclear fuel fabrication plant and pelletising unit at Veurey-Voroize,
where dismantling has been
completed;
the Georges Besse 1 plant
for separating uranium isotopes by gaseous diffusion,
which ceased production in
June 2012 and is undergoing
pre-decommissioning works7,
at the Tricastin site;
the COMURHEX plant8
where UF6 was prepared
from uranium produced by
reprocessing spent fuel, shutdown in 2008 and for which
AREVA NC is due to submit a
MAD-DEM application to ASN,
also at the Tricastin site;
the "High-activity oxide"
facility (HAO), the radioactive

source fabrication facility
ÉLAN IIB, the fuel reprocessing plant UP2-400
(Figure 1.14), the liquid effluent and solid waste treatment station STE2 and the
spent fuel reprocessing
unit (AT1), at the AREVA NC
La Hague site. The MAD-DEM
decrees for UP2-400 and
STE2/AT1 and the ÉLAN IIB
facility were published in
November 2013.

6. In February 2015, INB No. 20,
the Siloé reactor, was decommissioned,
as per the meaning of M Article L. 593-33
of the French Environment Code.
This installation has therefore been taken
off the list of INBs.
7. The application for the decommissioning
of the plant was submitted to ASN on
30 March 2015.
8. There was a change of licensee in
2013 since, by Decree 2013-885 of
1 October 2013, AREVA NC was licensed
to operate INB No.105, at the Tricastin site,
replacing COMURHEX (COnversion Métal
URanium HEXafluorure).

Figure 1.14

Dismantling works at the HAO Nord facility

© AREVA/DR

››1 INB under construction:
ITER
(International
Thermonuclear Experimental
Reactor), currently being
built near the CEA site in
Cadarache.

© E. STANISLAS/CEA

by GIE GANIL (joint venture
between CEA and the CNRS),
located near Caen;
reactors for scientific and
technological
research
and for NPP operating
support: eight of these reactors are licensed to CEA at
its Saclay site (OSIRIS-ISIS
– Figure 1.12 – and ORPHÉE)
and at Cadarache (CABRI,
MASURCA, ÉOLE, PHÉBUS,
MINERVE, RJH) and the RHF
high-flux reactor is licensed to
Institut Laüe-Langevin (ILL, the
international research body) in
Grenoble;
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Radioactive waste
disposal facilties

9. Very low level waste (VLLW)
is disposed of at the CIRES waste
collection, storage and disposal
facility, managed by ANDRA and
located in Morvilliers (Aube); this is an
"installation classified on environmental
protection grounds" (ICPE).

››2 INBs for surface disposal
of short-lived low- and
intermediate-level radioactive waste (LLW-ILW) licensed
to ANDRA9 :
The CSM waste disposal

facility, near the AREVA NC La
Hague site, undergoing monitoring since January 2003;
The CSA waste disposal
facility ( Figure 1.15), in
service and located in
Soulaines-Dhuys.

© ANDRA/DR

In 2013 and 2014,
there was no
change regarding
the category of
radioactive waste
disposal facilities.

Figure. 1.15

Aerial view of the CSA facility (Aube)

Safety at installations

N
What are the fundamental
principles of radiation
protection?
The three key principles of
radiation protection, set out
in the French Public Health
Code, are:
➔ to justify activities that
involve any risk of exposure
to ionising radiation;
➔ to optimise exposure to
such radiation to ensure that
levels are kept are low as
possible;
➔ to limit individual doses to
maximum thresholds.
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uclear safety is
defined by the
TSN Act as "the
set of technical
provisions
and
organisational measures - related to the
design, construction, operation,
shutdown and decommissioning
of basic nuclear facilities, as well
as the transport of radioactive
materials – which are adopted
with a view to preventing accidents or limiting their effects". In
particular, this entails all measures
implemented to ensure the normal operating of INBs, notably
with regard to protecting workers from exposure to ionising
radiation, managing waste and
managing effluents and any type
of environmental pollution during
normal, degraded or accidental
operating situations.
Safety and radiation protection
measures at INBs are defined
within the framework of a largely
deterministic approach, based
on the "defence in depth" principle, which aims to prevent
accidents and limit the effects

thereof, as well as an optimisation
approach in the area of radiation
protection.
As mentioned above, given their
specific nature, mainly due to the
broad range of uses of radioactive or chemical substances,
whose characteristics (physical
and chemical form, quantities of
radioactivity or potential toxicity,
etc.) and the conditions in which
they are used (processes used,
technology deployed, etc.) are
extremely varied, INBs other than
NPPs are liable to generate many
different types of risk. The initiating causes of these risks include:
›› nuclear or non-nuclear activities inside the INB: in this case,
risks may be related to the use
of radioactive or chemical substances (in the case of UF6,
for example), to the use of lifting and handling equipment or
pressure equipment, to the use
of chemical reagents, coolants,
or to transportation within the
INB, etc.
›› activities outside the INB: neighbouring industrial activities, the

transport of dangerous goods
in the vicinity (gas pipes, tankers, etc.), air traffic or natural
hazards (earthquake, flooding,
extreme weather conditions,
etc.) must all be taken into
consideration.
Nonetheless, the diversity of
INBs other than NPPs does not
exclude the fact that certain
aspects are common to the vast
majority of them. In particular, the
importance of organisational and
human factors in the operation of
basic nuclear installations other
than NPPs cannot be stressed
enough. The processes used or
the activities performed at these
facilities generally require workers
to carry out operations near radioactive substances. Operating
experience feedback from the
significant events reported to
ASN confirms the importance of
the role played by these organisational and human factors.

Safety at civil basic nuclear installations other than nuclear power plants in France
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1
2

What is the "defence in depth" principle?
With a view to controlling the risks inherent in a nuclear installation as effectively as possible and to
implementing measures to deal with such risks, a safety principle termed "defence in depth" is applied at
all INBs in France.
This principle, implemented to factor in any potential human or technical failure, can be summed as
follows: in spite of the measures designed and implemented to prevent errors, incidents and accidents, it
is assumed that such errors, incidents and accidents can occur and the means to deal with them and limit
their consequences to "acceptable" levels are deployed.

3
4

The "defence in depth" principle can include five successive levels, shown in Figure 1.16:
➔ levels 1 to 4, applied under the responsibility of the licensee, are defined in Article 3.1 of the INB Order
of 7 February 2012;
➔ level 5, which comes under the responsibility of the public authorities, mainly involves national
provisions implemented to manage accident situations (see M the French National Emergency Response
Plan for severe nuclear or radiological accidents published on 3 February 2014).

Level 1
Level 2

Figure. 1.16

The 5 levels related
to the principle of
"defence in depth"

Control and
surveillance of
the installation

Level 3
Engineered
safeguard
system, incident
and accident
procedures

Preventing failures:
cautious design,
production and
operating quality

Level 4
Emergency response plan in
the event of serious accident

© DR

Level 5
Mitigation of radiological
consequences thanks to
emergency response

Uranium hexafluoride (UF6) is a uranium
compound used in the isotopic enrichment
of uranium during nuclear fuel fabrication.
UF6 is solid at room temperature; it comes
in the form of whitish crystals (Figure 1.17)
when contained under normal temperature
and pressure conditions.
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What are the risks associated
with uranium hexafluoride?

Safety and radiation
protection measures
at INBs are defined
within the framework
of a primarily
deterministic
approach, based on
the “defence in depth”
principle, which aims
to prevent accidents
and limit the effects
thereof, as well as
an optimisation
approach in the
area of radiation
protection.

Bar

Atmospheric pressure

UF6 phase diagram

Figure. 1.17

Glass phial containing
UF6 crystals

UF6 vapour sublimates when temperature
increases and reaches a pressure of 1 atmosphere
at 56.4°C. Its triple point (coexistence of the solid
state, liquid state and gaseous state) corresponds
to a temperature of 64°C and pressure of 1.52 bar
(Figure 1.18).
In contact with air, UF6 reacts with moisture in the
air to form uranyl fluoride (UO2F2) and hydrofluoric
acid (HF) which is toxic and highly corrosive, and
can be fatal if inhaled.

21

2

Overall analysis of significant
events occurring in 2013 and 2014
in basic nuclear installations other
than pressurised water reactors

Information on the reporting of events
Review of events and main trends observed
in relation to the previous years
Cross-disciplinary analysis of the main types
of events and changes in relation to the
previous years

The regulations demand that all significant
events occurring in a basic nuclear installation
(INB), whether or not they have had radiological
consequences, be reported to the French Nuclear
Safety Authority (ASN) and then stated in a detailed
report that notably lists the corrective actions taken
to avoid their repetition.
This chapter presents the lessons learned by French
Institute for Radiological Protection and Nuclear
Safety (IRSN) from its global analysis of the events
occurring in basic nuclear installations other than
pressurised water reactors (PWRs) reported to ASN
in 2013 and 2014.
This analysis highlights in particular the trends
observed in relation to the previous years and
identifies changes since the M previous public
report, both in terms of improvements seen and
regarding subjects requiring greater vigilance
by the licensees (operating conditions, safety
management aspects, etc.).

Safety of civilian basic nuclear installations other than French nuclear power reactors
Overall analysis of significant events occurring in 2013 and 2014 in INBs other than PWRs

1
2
3

Information related
to the reporting of events

T

he current regulations (see in particular M the INB Order
of 7 February, 2012)
require licensees to
implement a reliable
and adequate system for detecting
any anomalies or non-conformity
occurring in their facilities. This
system must provide early detection of any deviation from the
authorised field of operation.
In this context, an INB licensee is

required to report to the ASN any
event occurring in its installation,
whether or not it has radiological consequences, if it meets the
reporting criteria defined in the
ASN guide of 21 October, 2005,
which has been in force since
1 January, 2006. This particularly
concerns any significant safety
event (SSE) relating to facilities,
significant radiation protection
event (SRPE) relating to workers and the general public, or

4

significant environmental event
(SEE); some events may be classified as significant if they correspond to the criteria defined for
one or more of these fields.
Significant events are reported
using a form appearing in the ASN
reporting guide and then sent to
both ASN and IRSN.
Except in recognised emergencies, significant events must be
reported within two working days
of their detection.

Any significant event
occurring in an INB
must be reported
to ASN within two
working days of the
event’s detection.

1 FOCUS
Events that meet the criteria defined by ASN in M its event reporting guide (published in 2005) are considered as significant events.
For INBs other than pressurised water reactors, ASN has defined criteria for reporting these events in three fields, namely events “related to
the safety of non-PWR INBs” (Table 2.1), events “concerning radiation protection for INBs” (Table 2.2) and events “concerning environmental
protection, applicable to INBs” (Table 2.3).
M http://www.french-nuclear-safety.fr/References/ASN-Guides-non-binding/Guide-to-the-declaration-procedure-and-coding-system

“Declaration criteria for significant events related to the safety of non-PWR INBs”
appearing in the ASN guide to the event reporting procedure, published in 2005
Criterion 1

Event of nuclear or non-nuclear origin leading to death or severe injury requiring the evacuation of wounded to a hospital, when such death or
wounds are due to the failure of equipment associated with the procedure.

Criterion 2

Manual or automatic, inadvertent or non-inadvertent activation of a protection and/or safeguard system, with the exception of intentional
activations resulting from planned actions to maintain an important safety function.

Criterion 3

Event leading to the breach of one or more safety limits as defined in the safety documentation or the decree authorising construction of the
installation.

Criterion 4

Internal or external hazard to installations, i.e., occurrence of an external phenomenon of natural origin or related to human activity, occurrence
of a fire, internal flooding or any other phenomenon likely to have a significant impact or affect the availability of equipment participating in an
important safety function.

Criterion 5

Malicious attempt or act likely to affect the safety of the installation.

Criterion 6

Event that affects or may affect the integrity of hazardous material containment.

Criterion 7

Event causing or likely to cause multiple failures, i.e., equipment unavailability resulting from the same failure or affecting all the channels of a
redundant system (or equipment of the same type participating in one or more safety functions for the installation).

Criterion 8

Fault, degradation or failure affecting a safety function, with significant actual or potential impact, detected during operation or shutdown.

Criterion 9

Event affecting a safety function and not corresponding to the above-mentioned criteria, which may be the precursor to an accident or which
may exhibit a repetitive character whose cause has not been identified.

Criterion 10

Any other event that could affect the safety of the installation and deemed significant by the operator or nuclear safety authority.

Table 2.1

Criteria for reporting “safety” events appearing in the ASN guide to the event reporting procedure, published in 2005
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1 FOCUS
“Declaration criteria for significant events concerning radiation protection for INBs”
appearing in the ASN guide to the event reporting procedure, published in 2005
Criterion 1

Cases where a regulatory annual individual dose limit has been exceeded, or an unexpected situation possibly leading to a situation of this type
under representative and feasible conditions, regardless of exposure type.

Criterion 2

Unexpected situation leading to a case where the regulatory annual individual dose has been exceeded by one-fourth of the dose limit,
during a single instance of exposure, regardless of the exposure type.

Criterion 3

Any significant deviation concerning radiation cleanliness.

Criterion 4

Any activity (operation, work, modification, inspection, etc.) comprising an important radiation risk, conducted without a formalised radiation
protection analysis (justification, optimisation, limitation) or without exhaustive acknowledgement of the analysis results.

Criterion 5

Malicious attempt or act that may affect the protection of workers or the public against ionising radiation.

Criterion 6

Abnormal situation affecting a sealed or non-sealed source the activity of which exceeds the exemption thresholds.

Criterion 7

Deficient sign-posting or non-compliance with technical conditions for access or presence in specially regulated or prohibited areas
(orange and red areas).

Criterion 8

Non-compensated failure of radiation monitoring systems ensuring the protection of personnel engaged in activities comprising an important
radiation risk.

Criterion 9

Expiration of the inspection period for a radiation monitoring system, i.e.,
- by more than one month in the case of a permanent collective monitoring system (regulatory inspection frequency of a month);
- by more than three months for other systems (regulatory inspection frequency of 12 to 16 months as per General Operating Rules
or radiation protection baseline).

Criterion 10

Any other event that may affect radiation protection and considered significant by the licensee or nuclear safety authority.

Table 2.2

Criteria for reporting “radiation protection” events appearing in the ASN guide for reporting events, published in 2005

“Declaration criteria for significant events concerning environmental protection, applicable to INBs”
appearing in the ASN guide for reporting events, published in 2005
Criterion 1

Circumvention of normal discharge practices resulting in significant impact; release of amounts known to exceed one of the discharge limits
defined for the medium as determined by an order authorising extraction and discharge of radioactive materials from the installation;
or unauthorised discharge of a radioactive material.

Criterion 2

Circumvention of normal discharge practices resulting in significant impact; release of amounts known to exceed one of the discharge limits
defined for the medium as determined by an order authorising extraction and discharge of chemical substances from the installation;
or significant discharge of an unauthorised chemical substance (not including substances causing depletion of the ozone layer).

Criterion 3

An amount known to exceed one of the discharge or concentration limits defined by health regulations or in an order authorising extraction
and discharge of microbiological substances from the installation.

Criterion 4

Non-compliance with an operational requirement stipulated by an order authorising extraction and discharges from the installation,
which could lead to a significant impact on the environment.

Criterion 5

Malicious attempt or act likely to affect the environment.

Criterion 6

Non-compliance with provisions of the Order of 31 December, 1999, or technical requirements concerning equipment or installations
classified on environmental protection grounds, which could lead to a significant impact on the environment (not including deviations
from orders or studies concerning discharges).

Criterion 7

Non-compliance with the waste studies for a site or installation, leading to the elimination of nuclear waste through a conventional channel
or the reassessment of the conventional character of a given zone.

Criterion 8

Discovery of a site significantly polluted by chemical or radioactive materials.

Criterion 9

Any other event likely to affect the protection of the environment and considered significant by the licensee or nuclear safety authority.

Table 2.3

Criteria for reporting “environmental” events appearing in the ASN guide for reporting events, published in 2005
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1
2
The declarant must then submit a
detailed report of the event (significant event report) to ASN within
two months of the event being initially reported. This report must in
particular provide information not
yet known when the event was initially reported; in particular, it must
present the event’s sequence and
analyse its causes and consequences (monitoring results, for
example) as well as the planned
measures, particularly technical or
organisational ones, intended to
avoid the event reoccurring.

›› 1. A significant event report
relates solely to a reported event
that meets one or more reporting criteria fixed by ASN; in this
respect, it only present a very
partial picture of the reality of
an INB’s operation.
›› 2. A significant event report is
a document that is intended
for ASN and which is written
in a recommended structure,
thereby directing its writing.
›› 3. A significant event report provides a trace of an analysis conducted in a relatively short time.

IRSN’s overall analysis of the
events reported to ASN is
based on the analyses of the
events presented by the licensees in the event reports. With
the exception of a few events
for which additional information
is easily accessible, the initial
main source of input data for the
operational feedback analysis conducted by IRSN generally consists
of the significant event reports
(Figure 2.1); as a result, the quality
of these reports and the richness
and reliability of the informations
they contain are vitally important.
The following related points should
be borne in mind:

IRSN has acquired processes
and tools for conducting the
critical analysis of the significant event reports submitted
by the licensees. The implementation of these tools shows
that there is still room for
improvement in the quality of
significant event reports, particularly concerning the depth
of the identified causes – and
especially when organisational
aspects are involved – and the
suitability of the corrective
actions. For IRSN, therefore,
the licensees must continue
their efforts so that the significant event reports submitted

3

to ASN present more detailed
analyses of the fundamental
(or “root”) causes of these
events. This depth of analysis
is particularly essential when
identifying possible recurring
or generic causes associated
with the events and defining more suitable corrective
actions to improve safety.

4

In December 2013, ASN informed
the licensees of INBs other than
PWRs of the main related elements identified – based on an
analysis of the findings of recent
years – as requiring improvements in the processing of significant events as well as informing
them of the measures needed in
order to implement the essential
improvements. ASN particularly
emphasised the need to improve
the quality of significant event
report analyses regarding events
involving subcontractors or environmental events, as well as the
need to identify any potentially
generic significant events better.

The declarant must
submit a detailed
report of the event
(significant event
report) to ASN within
two months of the
event being initially
reported.

For IRSN, this subject is
undoubtedly an area that the
licensees must work on in
order to improve safety.

There is still room
for improvement
in the quality of
significant event
reports, particularly
concerning the depth
of the identified
causes – and especially
when organisational
aspects are involved –
and the suitability of
the corrective actions.

Figure 2.1

Structural diagram of a significant event report

Analysis
of causes
Determines the
problem(s) to handle

Operational and
design baseline

Identification of
corrective actions

Determines the
resolution issue(s)

Factual details of
the scenario

Analysis of
consequences
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chronology
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Review of events and main
trends observed in relation
to the previous years

I
Since 2008, the change
in the total number
of events concerning
INBs other than PWRs
reported to ASN does
not reveal any clear
trend. Around 200–220
events are reported
every year.

Capitalising on
experience feedback
today: Why? How?
In order to make use of
experience feedback, a
system must be set up for
learning from any events
that occur during nuclear
installation operation.
In a working group
steered by IRSN, experts
from the Institute and the
French nuclear installation
licensees have discussed
their practices regarding
experience feedback. As a
result of this move to share
the information, a document
summarising a number of
benchmarks concerning
the experience feedback
measures and their ability to
meet the risk control issues
in the INBs was published on
M the IRSN website in March
2014. In particular, this
document states
why it is now useful to
“capitalise on experience
feedback” and proposes keys
for the effective operation of
feedback measures.
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n 2013 and 2014, 210 and
227 events concerning
INBs other than PWRs
were reported to ASN,
respectively. This situation
is similar to that observed
in previous years, showing that
the annual number of events
has been tending to “stabilise”
at between 200 and 220 since
the notable increase seen in
2008 and 2009 (Figure 2.2).
IRSN notes that, in its view, the
trend in the number of significant
events from year to year is not a
“quantified” indicator whose variations are directly related to the
“level of safety” in the INBs. This
is because the events occurring in
the facilities must be considered
rather as warnings that represent
malfunctions of varying importance, which must be analysed
and understood in the context of
using the experience feedback
regarding the events concerned,
in order to identify the appropriate areas for improvement in the
safety of the facilities.
Furthermore, the number of
significant events reported
each year greatly depends on
the effectiveness of the event
detection systems implemented by the licensees. In

this respect, it should be noted
that the vast majority (nearly 80%)
of the events are detected by
the licensees rather than by the
equipment systems (alarms) set
up as part of the monitoring of the
proper operation of the systems
on which risk control is based.
IRSN therefore finds that the
efforts made by the licensees
over the course of several years
to improve the detection of
events by means of individual
observations, inspections and
internal controls should be
maintained.
In 2013 and 2014, no notable
change in the distribution of the
number of significant events
into the three reporting fields
“safety”, “radiation protection”
and the “environment” relative
to the previous years was seen
(Figure 2.3):
›› Approximately
70%
of
the events were reported
regarding safety (significant safety events). Upon
analysis, the majority of the
events reported as a result
of criterion 3 defined by ASN
(Table 2.1), which were more
numerous (46%) in 2013 and
2014 (Figure 2.4) than the
average (31%) observed during the period from 2005 to

2012 (Figure 2.5), in particular
reveal an increased number
resulting from the licensees’
difficulty in controlling the
safety documentation of
the facilities (see the “Events
related to safety documentation control” paragraph of this
chapter).
›› Less than 15% of the events
were reported regarding
radiation protection (SRPEs).
In the case of these events,
there is no truly significant
change between the years
2011-2012 and 2013-2014.
›› Around 20% of the events
were reported regarding
environmental
protection (SEEs). It should be
noted that the increase in the
number of observed events
of this type, particularly in
2012, was not confirmed
(Figure 2.6); approximately
46% of these events were
reported as a result of criteria involving the possibility of
radiation affecting the environment (criteria 1, 4, 7 and 9
of Table 2.3), and 42% of the
events were linked with releases
of toxic or chemical products.
However, there were not, properly speaking, any associated
safety issues (particularly in
the case of one-off coolant

Figure 2.2

Trend in the number of events reported to ASN during the 2005–2014 period
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Figure 2.4

emissions exceeding the regulatory limits).
Similarly, in 2013 and 2014,
the distribution of significant
events (excluding SEEs), when
analysed by the most important
types of risks relating to safety
and radiation protection in INBs
other than PWRs is very similar
to that seen in 2011 and 2012:
›› Static containment systems
were affected in 26% of the
events and 16% affected the
dynamic containment systems of the facilities, as well

Distribution of significant “safety” events reported during the
2005–2012 period, analysed by reporting criterion (see tab. 2.1)

mainly related to handling were
the cause of 6% of the events.
›› Lastly, 4% of the events concerned power outages and
1% also involved fluid supply
losses, generally affecting the
control of radiolysis- or heatrelease-related risks.

as the systems monitoring
the proper operation of these
systems, on which the control of the risk of radioactive
materials spreading is based.
›› Failures in the measures taken
to control the risks of exposure to ionising radiation were
revealed in 24% of the events.
›› The control of criticality risks
was concerned in 13% of the
events.
›› Failures in controlling the risks
related to fire or explosion were
revealed in 10% of the events.
›› Operations for which the risks

Figure 2.6

Trend in the number of “environmental”
events reported to ASN during the 2005–
2014 period, analysed by reporting field
Significant non-radioactive event
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The number of
significant events
reported to ASN every
year greatly depends
on the effectiveness
of the event detection
systems implemented
by the licensees.

Figure 2.5

Distribution of significant “safety” events reported for 2013
and 2014, analysed by reporting criterion (see tab. 2.1)
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Example of an event
detected thanks
to operator vigilance
On 20 May, 2014, the
technician responsible for
unloading hydrogenated
tetrapropylene (TPH) casks
into a process feed tank
inside the T3/T5 workshop
of the AREVA NC site’s
UP3-A plant at La Hague
noticed an inconsistency in
the number of empty TPH
casks. This led him to realise
that the previous unloading
operation (on 15 May, 2014)
had been performed with
four tributyl phosphate (TBP)
casks instead of four TPH
casks. The existing means
of process monitoring could
not detect this discrepancy.
Such an error could have led
to a reaction between TBP
and nitrates (potentially
resulting in the formation
of unstable compounds
called “red oils”) in process
equipment in
the T3, T4 and T2
workshops, involving
an explosion risk in the
equipment concerned.
This event is examined in
greater detail in the
“Key events” chapter
of this report.

27

Safety of civilian basic nuclear installations other than French nuclear power reactors
Overall analysis of significant events occurring in 2013 and 2014 in INBs other than PWRs

Level 0

160
140

Level 1

140

Level 2

142

132

Level 1

Level 2

35

121

120

Level 0

40

30

100

25

80

20

60

15

40

29

26

25

23

10

17

20

0

0

2011

15

24

20
1

2012

0

5

0

2013

2014

5

3
0

0

0

0 0

2011

2012

2013

Figure 2.7

- Approximately 70% of
the events concerning
INBs other than PWRs
were reported to ASN
regarding safety, less
than 15% regarding
radiation protection and
around 20% regarding
the environment.
- More than 40% of the
events concerned the
control of the risk of
radioactive materials
spreading.
- ASN has not classified
any “safety” or
“radiation protection”
event as INES level 2.

2014
Figure 2.8

Distribution of significant “safety events” reported to ASN
during the 2011–2014 period, analysed by INES level

In 2013 and 2014:

1 0

Distribution of significant “radiation protection” events reported to
ASN during the 2011–2014 period, analysed by INES level

Furthermore, in 2013 and
2014, there was no significant change in the number
of significant “safety” events
(Figure 2.7)
and
significant “radiation protection”

events
(Figure 2.8)
classified by ASN according to the
INES. It should be noted that no
event was given the INES level 2
classification during this period.
Lastly, in 2013 and 2014 as

in 2011 and 2012, no events
reported to ASN had significant
consequences for the workers
or the environment or were the
result of major failures in the
risk control systems.

1 FOCUS
The International Nuclear and Radiological Event Scale (INES)
The INES (International Nuclear and Radiological Event Scale) scale, which has been implemented
internationally since 1991, was originally used to classify events occurring in nuclear power plants;
its scope has subsequently been extended and adapted to cover all nuclear and radiation protection
events occurring in civilian nuclear industrial facilities.
This scale, which has been adopted by more than 60 countries, is intended to help the media and
public to understand the severity of nuclear safety incidents and accidents. It comprises seven
levels (Figure 2.9).

Figure 2.9

The seven severity
levels of the INES
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Major accident
Serious accident
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1. It should be noted that, as said earlier
regarding the number of significant events
reported, the number and INES level of the
significant events occurring in an INB do not,
in themselves, indicate the safety level of the
installation concerned.
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1
2
3

Cross-disciplinary analysis of the
main types of events and changes
in relation to the previous years

T

he cross-disciplinary
analysis of the significant events shown
below concerns the
main types of events
with similar, generic or recurrent
characteristics. It is structured

by risk type (radioactive material
dispersion risks, ionising radiation
exposure risks, criticality risks, fire
and explosion risks, and handling
operation risks) and includes sections concerning internal transport events, radiation-related

4

“environmental” events, and safety
documentation control events.

1 FOCUS
Containment of radioactive materials

Air purification prior to discharge
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Process macro of nuclear
installation containment

the installation.
In this case, other types of
static containment “barriers”
are used to protect the
general public and the
environment by preventing
the dissemination of these
materials. These barriers are
formed by the rooms, which
are themselves contained
in buildings. This assembly
constitutes the second and
third static containment
“barriers” placed between
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the radioactive materials and
the environment, following
the “Russian dolls” principle
(Figure 2.10).
In addition, as well as these
static containment “barriers”,
the facilities have ventilation
systems that provide the air
flow from the areas with the
lowest risks of radioactive
material dissemination to
the areas with the highest
risks. A dynamic barrier (air
flow) is therefore created,

nt b
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In INBs other than NPPs, the
radioactive materials may be
found in various forms: solid
(block, like a block of metal,
or highly dispersible, like a
powder), liquid or gaseous.
In order to protect the
workers and the general
public depending on the
dangerousness of the
radioactive materials and their
physical form, the materials
concerned are contained
in one or more “envelopes”
serving as physical barriers
intended to ensure their
containment and prevent
their dissemination. These
envelopes are what are called
static containment “barriers”.
The first of these “barriers”
(container, tank, glove box,
etc.), which is located as
close as possible to the
radioactive materials, forms
the first static containment
system; it is firstly designed
to protect the workers. In
the event of this first “barrier”
failing, however, radioactive
materials may be dispersed in

notably level with the areas
forming weak points in the
static containment, in order
to prevent the dispersion of
radioactive materials. These
ventilation systems have
purification systems (HEPA
filters, for example) for the
air extracted from the rooms
before it is discharged into
the environment.
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Trend in the number of significant
events related to the static
containment “barriers” and to
the ventilation systems for the
2011–2014 period

20
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Significant events
related to the
radioactive
dispersion risks

The analysis of the
events related to the
radioactive material
dissemination risks
reported to ASN in
2013 and 2014 does not
reveal any change in
the trend relative to the
2011–2012 period.

For 2013 and 2014, around 140
events related to the radioactive
material dispersion risks were
reported to ASN (Figure 2.11):
›› Static containment “barriers”
for the radioactive materials
were involved in 84 events.
›› Nuclear installation ventilation systems were involved
in 56 events.
An overall analysis of these
events has not revealed any
significant change compared
with 2011 and 2012.

What is a “glove box”?

© L. ZYLBERMAN/GRAPHIX-IMAGES/IRSN

A “glove box” is a
sealed containment with
transparent walls that
enables an operator to
handle radioactive materials
by means of gloves forming
an integral part of the
containment. The operator
can therefore handle
these materials while also
being protected from any
contamination.

Figure 2.13

Operator working
in a “glove box”

30

Significant events
involving static
containment “barriers”
Most significant events involving static containment “barriers” for radioactive materials
concern the different types
of equipment constituting the
first containment “barrier”
(Figure 2.12).
This can particularly concern conditioning equipment for radioactive materials (containers, casks,
etc.) used, for example, to transfer
or store these substances inside
the facilities, “glove boxes”
(Figure 2.13), process equipment
that uses liquids, or active waste
networks (tanks, pipes, etc.).
Half of these events are due to
leaks affecting the equipment
(Figure 2.14). When they concern
the radioactive material containers, these leaks are mainly due
to the containers concerned
becoming corroded or rupturing
as a result of being dropped during handling, for example. As in
previous years, the glove boxes

2013

2014

containment ruptures affect the
containment weak points (the
gloves in particular). Lastly, the
leaks observed in the process
equipment are caused by the corrosion and ageing mechanisms
(particularly due to an acid environment, erosion mechanisms,
etc.).
IRSN notes that the root causes
of a radioactive material leak
are not always identified in
detail in the significant event
reports submitted by the licensees, meaning that overall lessons cannot be learned from
this type of events.
Furthermore, events involving degraded static containment “barriers” are frequently
the result of poor ergonomics,
unsuitable procedures or inappropriate actions by workers during
everyday operation. IRSN has
observed that, during decommissioning or maintenance
operations, insufficient surveys
and inadequate worksite preparation (underestimating the

radioactive material quantities
actually present, not anticipating the difficulty of the operations to be performed, etc.) are
the main causes of static containment “barrier” degradation.
On this subject, IRSN notes that
operations performed during the
partial or total decommissioning of INBs, which increasingly
form part of the work of nuclear
plant licensees, are often highly
dangerous for the workers led to
work very close to the radioactive materials (Figure 2.15), given
that all the design measures provided for normal operation may no
longer be in place. New situations
likely to result in radioactive material dissemination risks should be
taken into consideration in this
context. A new safety analysis
concerning installation safety and
the radiation protection of operators must therefore be carried out
on a case-by-case basis.
For IRSN, both the quality of
these analyses and the preparation of worksites are essential

Figure 2.12
Static containment barriers affected
during 2013 and 2014
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Types of events
related to static
containment in 2013
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in preventing and limiting
the radioactive material dissemination risks.
Significant events related
to ventilation systems
In the case of the significant
events involving the ventilation
systems of nuclear facilities:
›› More than a third of the
events concerned a one-off
shutdown of a ventilation
system (Figure 2.16). In this
respect, electrical power faults
(representing two-thirds of the
shutdowns) or instrumentation
and control faults were, as in
previous years, the main cause
of these shutdowns.
›› A third of the events were the
result of not meeting various
safety requirements but did
not cause the ventilation system to shut down. These
involved non-compliance with
the requirements stated in the
safety documentation, thereby
affecting nominal dynamic containment performance (insufficiently low pressure in certain
rooms, poor filter efficiency,
etc.).
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Types of significant
events related to
dynamic containment
in 2013 and 2014

›› Around 20% of the events
were the result of failures in
the auxiliary equipment of the
ventilation systems (monitoring equipment, remote alarm
display, etc.), although these
did not affect the nominal performance of the ventilation systems in the rooms concerned.
Furthermore, in 2013 and 2014,
no events involving the degradation of “very high efficiency”
filters (HEPA filters), key equipment that helps to limit radioactive
release into the environment, did
not result in significant release
into the environment.

During decommissioning
or maintenance
operations, insufficient
surveys and worksite
preparations are the
main causes of static
containment “barrier”
degradation.

Example of an event illustrating the poor
preparation of a decommissioning worksite
On 26 June, 2013, an operator was
contaminated during a decommissioning
operation consisting of the removal of a pipe
section that had contained radioactive liquids.
Due to the fact that the pipe had contained
radioactive liquids, the section was removed
under a vinyl “envelope”, in a containment
airlock. However, a connector present on
the pipe had not been identified during the
preparatory worksite survey phase. This
connector, which was unfortunately corroded,
caused a liquid leak during its handling and
contaminated the operator.
In this case, the pipe section was the first
static containment “barrier”. However, the
connector was a weak point that had not
been identified during the preparation of the
decommissioning worksite.

© C. CIEUTAT/IPSN

In 2013 and 2014,
the events related
to degraded efficiency
of HEPA filters did not
result in any significant
releases into the
environment.

Figure 2.15

Operators equipped to perform
clean-up work
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The number of
significant events
related to the risks of
exposure to ionising
radiation in 2013 and
2014 is similar to that in
2011 and 2012.

20

Radioactivity

15
10

Figure 2.17

Trend in the number of significant
“radiation protection” events
in the period from 2011 to 2014

5
0

2011

2012

2013

Significant events
related to the ionising
radiation exposure risks

Which INES classification
was given to the worker
external exposure event at
LAMA on 23 August, 2013?
The event that occurred
on 23 August, 2013 in
the CEA Grenoble active
material analysis laboratory
(LAMA), which was being
decommissioned, concerned
a subcontractor company
worker being accidentally
exposed to an irradiating
particle during a waste and
rubble sorting operation.
As it was estimated that
one of the regulatory
annual dose limits had been
exceeded for that worker
(skin dose), ASN initially
classified the exposure
as an INES level 2 event.
However, on analysing the
incident, it appeared that
there was no proof that this
limit had been exceeded;
ASN therefore reclassified
the accidental exposure
as an INES level 1 event, a
classification justified by
the inadequacies observed
in the sorting operation
preparatory phase.
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In 2013 and 2014, 75 significant
events related to ionising radiation exposure risks (Figure 2.17)
were reported to ASN. This
number is similar to that for 2011
and 2012 (70 events).
In 2013 and 2014:
›› Twelve events resulted in
external exposure for workers,
with no significant radiological consequences for them;
the maximum dose received
(with the exception of the event
in the CEA-Grenoble LAMA facility) was 0.7 mSv (this should
be compared with the annual
regulatory whole-body limit of
20 mSv for workers). In 2013,
the event that occurred in the
LAMA laboratory was reported
because the regulatory exposure
limit for workers was exceeded;
however, a subsequent analysis
of this event concluded that
there was no proof that this was
actually the case.
›› Five events (Figure 2.18)
resulted in internal exposure
for monitored workers, with

a committed effective dose
exceeding 1 mSv. The highest individual dose is almost
half of the regulatory annual
limit. None of these cases
of internal exposure were due
to the failure of an air-purifying
respirator worn by the workers
in a contaminated atmosphere
(particularly during clean-up,
decommissioning or maintenance operations). However,
CEA reported a suspected
fault (notches or the beginning
of holes) in several respirators of
this type in 2014. Pending analysis of these faults by the manufacturer and the licensee, a set
of guidelines was distributed
to the CEA workers potentially
concerned in order to ensure
that they always checked this
equipment prior to its use.
Furthermore, ASN wrote to all
INB licensees in June, 2014 to
ask them to take this feedback
into account.
Moreover, some cases of noncompliance with the rules relating
to the use of this type of equipment during the protective clothing removal phase after working in
contaminated areas have resulted

in significant internal contamination through inhalation. The event,
which was reported to the CEA
Fontenay-aux-Roses facility in
March 2013 and is presented in
the “Key events” chapter of this
report, illustrates this subject in
particular.
›› Twelve events corresponded
to inadequacies in the preparation of clean-up or decommissioning work. IRSN finds
that, considering the importance of the radiological risks
associated with this type of
work, this feedback underlines the attention that the
licensees must pay to the preparatory phase of this work,
which must include the most
appropriate radiation protection measures. In this respect,
particular attention must be
paid to factors favouring the
proper completion of the work,
such as checking the radiological conditions prior to the work
and performing controls during
the work to detect any changes
relative to the initial radiological
measures, informing the workers regarding the risks and the
associated responses as well as

Figure 2.18
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5
4

Number of events

In March 2013, an
event was reported
concerning significant
internal contamination
through inhalation
following cases of
non-compliance with
the rules related to the
use of air-purifying
respirators during the
protective clothing
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following work in
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2014

3
2
1
0

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

Safety of civilian basic nuclear installations other than French nuclear power reactors
Overall analysis of significant events occurring in 2013 and 2014 in INBs other than PWRs

1
2

In 2013 and 2014, the number of events related to noncompliance with the definition or setting-up of the
radiological areas or to non-compliance with the access
conditions in the controlled areas is noticeably higher
than that seen in 2011 and 2012.

3
4

Which types of worker exposure to ionising
radiation in nuclear facilities?

• External exposure resulting from radioactive sources located
outside the body; in this case, the radiation emitted may reach
the person either directly or indirectly after being reflected
from the walls of the room or the objects that they encounter or
diffused through the walls and objects. Depending on the case, a
greater or smaller part of the body may be affected by radiation
(total or partial irradiation). When the radiation source is in
direct contact with the body (hands, forearms, etc.), external
contamination occurs.
© G. MAISONNEUVE/IRSN

regarding the implementation
conditions (congestion of working areas, regular removal of
waste, etc.). The two significant
events, which were reported to
the CEA Fontenay-aux-Roses
facility in February and March
2013 and are presented in the
“Key events” chapter of this
report, illustrate this subject in
particular.
›› Twenty-two events relate
to non-compliance with the
definition or setting-up of the
radiological areas (defective
classification or signage, for
example) or non-compliance
with the access conditions in
controlled areas (Figure 2.19) .
This number is noticeably higher
than that seen in 2011 and 2012
(15 events). In this respect, most
of the events reported relate
to non-compliance with the
conditions of worker access
to controlled areas. Most of
these cases of non-compliance
are due to organisational and
human factors, particularly
concerning the wearing of passive or operational dosimeters
(Figure 2.20).

In nuclear facilities, two types of worker exposure to ionising
radiation occur (Figure 2.21):

Figure 2.20

• Internal exposure (internal contamination) resulting from
radioactive materials (radionuclides) that have penetrated
the body through inhalation, ingestion, skin absorption or a
wound with a contaminated object (a prick or cut, for example).
In this type of exposure, the irradiation continues until the
radionuclides are eliminated from the body, even after the
worker has been removed from the work station.

“Plus radiophotoluminescent”
dosimeter worn with a clip
and “thermoluminescence
dosimetry” ring dosimeter
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For IRSN, considering the
seriousness of the potential
radiological
consequences
for personnel, the licensees
must pay constant attention
to finding and implementing
good practice concerning the
management of access to
controlled areas, which are an
important element in preventing the risks of worker exposure
to ionising radiation.

External
contamination
Contamination
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Source ou
de
Source
or contact
bodily contact
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Figure 2.21

The various types of worker exposure
to ionising radiation
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dose
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Figure 2.19
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An example of an event related to access conditions
in controlled areas
On 6 June, 2013, two workers conducting external radiation
protection checks noticed that the North gate of the CEA
Marcoule liquid effluent treatment station (STEL), which
provides access to a red-classification room used for waste
drum storage, was open. A chronological analysis of this event
showed that this gate had been open for more than two months.
This event seems to have been caused by the lack of special
operating instructions related to gate management, together
with an unsuitable gate open/closed indicator on the manmachine interface (MMI).

ZONE
PUBLIQUE
PUBLIC
AREA
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mainly due to organisational or
human factors; in the view of
IRSN, the licensees must pay
constant attention to the management of radiation sources.
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Figure 2.22

The power of radiation
penetration into materials

Which radiological
monitoring devices are
used to check workers
and objects at the exit of
monitored and controlled
areas in nuclear facilities?
In July 2013, EDF reported
an event in which a periodic
inspection conducted on one
of its sites detected faulty
parameters affecting the
radiological monitoring portals
used to check workers and
objects at the exit of monitored
and controlled areas in
nuclear facilities. These faults
resulted in the deactivation of
alpha-emission human body
contamination detection as
well as the underestimation of
beta-emission contamination
of legs and bodies.
Following this event, ASN
contacted all INB licensees in
October 2013, asking them
to inspect the portals and
contamination monitoring
devices at the exit of
monitored and controlled
areas in facilities following any
intervention upon the portal or
device concerned, particularly
if their parameters were
modified, to ensure that they
are working correctly.

A single event that
occurred during
gamma ray inspections
was reported during
the 2013–2014 period,
rather than four in
2011–2012.
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In addition, the number and type
of events are virtually the same in
2013 and 2014 as in 2011 and
2012 for the following two types
of events:
›› Events relating to the “radiological cleanliness” of INBs
(approximately 18–20% of all
events). These concern sur-

Approximately
Environ
1
1 metre
mètre of
de béton
concrete
or lead
ou de plomb

face contamination of various
origins, for which no generic
aspect has been seen.
›› Events relating to radioactive
sources, mainly concerning the
chance discovery of low-activity
sources not listed in the inventories maintained by the licensees
(Figure 2.22). These events are

Lastly, a single event that
occurred during gamma ray
inspections was reported in
2013–2014 (whereas four events
occurred in 2011–2012). The
accidents resulting in significant
overexposure are generally due
to the safety markings near to a
source being crossed, coupled
with the presence of the source
concerned in its position of use at
that time. In the case of this event,
the inspections had not begun
when the safety markings were
crossed and so no worker was
exposed to radiation as a result.
In this respect, it should be

1 FOCUS
IRSN annual report on occupational exposure
to ionising radiation in France
Every year, IRSN draws up a
report on internal and external
occupational exposure to
ionising radiation (Figure 2.23)
intended for the ASN
Directorate General for Labour
(DGT) and the Representative
in charge of Nuclear Safety
and Radiation Protection for
Defence-related Activities and
Facilities (DSND).
In accordance with M article
R.4451-128 of the French
Labour Code, the purpose
of this report is to provide
information on the following:
›› difficulties experienced
regarding the radiological
monitoring of workers;
›› the levels of worker
exposure to ionising
radiation, depending in
particular on the nature
of their work (medical,
industrial and nuclear fields).
This report on the reference
dosimetric monitoring (passive
dosimetry, whole body
radiation measurements and
radiotoxicological tests) was
* Naturally Occurring Radioactive Materials.

drawn up from data supplied
by the approved bodies
(dosimetric laboratories,
biological and medical
analytical laboratories
and occupational health
departments), which are
players in the monitoring of
occupational exposure to
ionising radiation.
In its annual report, IRSN
presents the following:
›› details of the monitoring
of workers exposed to
ionising radiation, including a
panorama of the techniques
currently used in France;
›› a general status report
regarding the monitoring
of external and internal
exposure, exceeding of
the regulatory annual dose
limits and the monitoring of
radiation protection events
and incidents;
›› a more detailed report for
each field of activity;
›› worker exposure to naturally
occurring radioactivity
(“NORM”* industries, radon

from geological deposits,
and cosmic radiation
exposure by flight crews).
The report produced by IRSN
on occupational exposure
to ionising radiation for 2014
is available on the M IRSN
website.

Figure 2.23
Cover page of the IRSN report on worker
radiation protection for 2014
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1
2
emphasised that ASN classified
a conventional industrial incident
in 2014, in which a radiographic
inspection was being carried out,
as an INES level 2 incident. In this
case, believing that the inspection was finished, an operator was
exposed to ionising radiation after
working in the safety area when
the radioactive source was not
in its protective position. This
event provides a reminder that

operators must be extremely
vigilant concerning these operations and especially, that the
scheduling of operations, the
design and implementation of
safety markings and the radiological checks must comply
with the measures chosen.

What is a gamma ray inspection?
The M gamma ray inspections are conducted as part
of the non-destructive testing of welds by emitting
gamma or X-ray radiation. These inspections are
carried out using mobile devices containing a sealed
radioactive source (generally iridium-192, cobalt-60
or caesium-137).

3
4

The M operating area associated with these inspections
is a controlled area within the meaning of the French
Labour Code. It is a working area reserved for the
operators performing the inspections and under their
control, in which access restrictions are applied.

1 FOCUS
Breaching of the radiation protection safety markings: the visible part of many failures
• the check performed to ensure that
the safety markings cover the entire
perimeter of the area, and the more
stringent monitoring of worksites in which
dosimetry is very important.
Given the lessons learned from the
operational feedback, IRSN is working
to bring out these different facets of the
everyday activities performed in nuclear
facilities.
FRANCHISSEMENT
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breached, a number of lines of defence
(Figure 2.25) have already been rendered
ineffective: the scheduling of work, its
coordination in real time, the design of
the markings, its implementation, the
administrative permits and inspections
related to the markings, etc.
Good practices favouring the effectiveness
of these lines of defence exist. These mainly
concern the following:
• the organisation that schedules or
reschedules work and coordinates it in
real time, depending on the event;
• the field inspection prior to designing the
safety warnings in order to ensure that
the plans available comply with the actual
details of the installation;
• the special signage materials used to
produce safety markings in exposed
environments (high winds) or special
situations (roadways);

Figure 2.24

Radiation protection marking tapes

Lines of
defence

The safety
markings have
been breached!

Exclusion area compliance
by workers

Standard practice in checking
safety markings and monitoring
service providers

The safety
marking check is
missing/inoperative

Standard practice in safety
marking production

The implementation of
the safety markings
is defective

Standard practice in safety
marking design

The design of the safety markings
has gaps (incomplete zoning)

Field rescheduling and
coordination practices
Scheduling of work and
management of foreseeable
cooperative work

The schedule is revised with no impact analysis;
local coordination is wrong-footed
The initial work schedule does not correctly identify
the cooperative working possibilities
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Safety markings are used to provide a
visible, continuous indicator that access
to an operating area with a potentially
high dose rate is forbidden (Figure 2.24).
The safety markings therefore constitute
an essential preventive measure against
worker exposure to ionising radiation and
provide an additional line of defence to the
radiation protection in certain situations.
At first sight, producing safety markings
seems simple but doing so may actually
turn out to be complicated, depending
on the configuration of the isolation area.
This is because the risk of exposure to
ionising radiation must be considered in
the three-dimensional area, requiring all
possible access areas must be identified
(doors, safety ladders, etc.) not only
in the horizontal plane, but also in the
vertical plane. The efficiency of the safety
markings is based on the hypothesis that
the working personnel comply with the
signage put in place. Every year, however,
around twenty significant events related to
radiation protection are reported as a result
of the marked areas being intentionally or
accidentally breached. Most of these events
are associated with industrial radiography,
or gamma radiation, operations,
constituting a non-destructive inspection
method consisting in emitting gamma or X
rays in order to detect potential defects in
industrial parts (weld beads, for example).
On first analysis, a lack of meticulousness
or attention by the workers concerned
appears to be the main cause of “breaches
of safety markings”. However, a more
detailed analysis of the events of this type
shows that a lack of meticulousness or
attention by the people concerned only
represents the visible part of the iceberg,
whose submerged parts provoke various
technical and organisational questions.
As a result, when the safety markings are

Figure 2.25

The lines of defence associated with the radiation protection markings
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Trend in the number of significant
“criticality” events in the
2011–2014 period
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Events related to
the criticality risks
Around forty events related
to the criticality risks were
reported to ASN in 2013 and
2014 (Figure 2.26), 25% up on
2011 and 2012 (30 events).
This rise is mainly due to
an increase in the number
of events reported by the
Georges Besse I plant licensee
(Eurodif). Although this plant
has been shut down since 2012
while awaiting future decommissioning operations, it contains
residual fissile material in the process equipment (Figure 2.27).
The analysis of the events that
occurred shows that they were
due to non-compliance with the
operational requirements or to
the operating domain specified
in the General Operating Rules

The number of
events related to
criticality risks
reported in 2013
and 2014 is up by
25% on 2011
and 2012.

Figure 2.27

2013

being temporarily exceeded.
However, these events did not
have any consequences for criticality risk prevention.
As in the previous years, the
criticality risk events in 2013 and
2014 concerning the method of
controlling criticality by limiting
the mass of fissile material represented approximately half of
the total events. Around a dozen
of them, half of which involved
the facilities of the FBFC plant,
resulted in a mass limit fixed
in the INB safety documents
concerned being effectively
exceeded. The remaining events
involved a failure to check the
nature of the fissile material or
the equipment containing it.
However, none of these events
in which the mass of fissile material was exceeded jeopardised
the subcriticality of the equipment concerned because of

© AREVA/DR

Diffuser aisle in the Georges Besse I enrichment plant
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2014

the chosen subcriticality demonstration margins shown in
the safety documents, which
take into account the analysis of abnormal situations.
Nevertheless, IRSN finds that
this significant proportion of
events involving the method
of controlling criticality by
limiting the fissile material
mass shows that the licensees
must pay particular attention
to the operating measures and
practices of their facilities with
regard to the safety requirements found in the safety
documents (application of
requirements in the operating
documents, operator knowledge of requirements, etc.).
Approximately 30% of the events
that occurred in 2013 and 2014
are associated with the control
mode consisting in the limiting
of fissile material moderation.
These events concern the presence of moderating materials
under unforeseen conditions
(the accumulation of materials,
exceeding of a limit, transfer
error, etc.), with more than half
concerning the FBFC facilities.
For IRSN, these events corroborate the feedback on the
events reported in 2011 and
2012, namely that attention
must be paid to work carried
out on equipment whose control mode consists in limiting
fissile material moderation.
The licensees must pay as
much attention to this work
as that paid to positions in
which the control mode consists in limiting the fissile
material mass.
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1
Nearly half of the
“criticality” events in 2013
and 2014 concerned the
two FBFC fuel fabrication
plants in Romans-surIsère. This finding is
similar to that relating
to 2011–2012.

2
3
4

When does a medium containing fissile
material become critical?
A medium containing fissile material becomes critical when
the rate of neutron production (by fission of that material –
figure 2.28) is exactly equal to the rate at which the neutrons
disappear (through absorption and external leaks).

© G. CARILLO/AREVA

Fission product 1
FISSION
Neutron
Heat

α β γ radiation

Neutron

Lastly, approximately 20% of the
events that occurred in 2013 and
2014 concern the mode of criticality control by geometry, which
is similar to the previous years.
Half of these events concerned
the FBFC facilities and mainly
resulted from non-compliance
with the requirements associated
with fissile material storage conditions, such as errors in positioning the equipment containing it
(Figure 2.29).
It should be noted that nearly
half of the “criticality” events in
2013 and 2014 concerned the
two FBFC fuel fabrication plants
at Romans-sur-Isère in southeastern France. This finding
is similar to that relating to the
2011–2012 period.
In this respect, the overwhelming majority of these events were
caused by organisational or
human failures. The significant
event reports on these events
mainly highlight work organisation failings (e.g., inspection of
work), inadequate operational
documentation (missing or incomplete documents, etc.) and insufficient operator knowledge of the
rules. It should be remembered
that the control of criticality risks

Fission product 2

Uranium-235

Fissile material storage in a safe geometry

is partly founded on operating
procedures, some of whose
parameters are not immediately available (the presence of
fissile material that cannot be
detected directly, moderator contribution, etc.).
Similar feedback for the 2011–
2012 period led the FBFC licensee
to run a criticality risk prevention
improvement plan at the beginning of 2013. This plan relies on
an approach that includes an indepth assessment of situations
and associated causes that can
result in a criticality risk event
(equipment failure, human error,
situation not covered in safety
documentation, etc.). In this
context, the good practice developed on the MELOX site following
numerous criticality risk events in
2007 and 2008 has been found
effective and extended to the
FBFC plants at Romans-sur-Isère.
At the end of 2013, ASN began
to monitor the AREVA NP site at
Romans-sur-Isère more intensively due to the recurrence of
significant events mainly concerning the criticality risks. In
November 2014, ASN conducted a large-scale inspection
to review the safety management

Neutron
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Figure 2.29

Figure 2.28

Fission reaction diagram

What are the criticality control methods?
The criticality control methods are the means used to ensure
that a functional unit in an installation (a glove box, for
example) remains subcritical. This is guaranteed by an upper
limit fixed by one or more of the following parameters:
• fissile material mass;
• geometric dimensions of a device containing the
fissile material;
• fissile material concentration, in the case of solutions;
• proportion of hydrogenated materials, in the case of dry or
low-humidity products;
or the implementation of neutron poisons (neutron-absorbing
elements).
In general, the selected control method is related to the
process implemented in the installation concerned, its
size (capacity) and the need to limit operating constraints.
The definition of a criticality control method results in the
implementation of suitable control methods for ensuring
compliance with the limits of the parameters associated with
the control method (weighing to check the mass, chemical
analyses to check the concentration, etc.).
* Hydrogenated materials, which slow down the neutrons and increase the probability of
fission occurring when fissile material is present, are referred to as “moderating”.
** Further information on the criticality control methods and, more generally, on the
criticality risks and the means of preventing these risks appear in the M IRSN guide to
criticality risks in “plants and laboratories” INBs available in French on the IRSN website.
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Figure 2.30

Trend in the number of significant
events related to fire and explosion
risks in 2011–2014, and the number
of outbreaks of fire or smoke
emissions during that period.
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0

2011

On completing its
review inspection in
November 2014, ASN
spoke of encouraging
signs of improvement in
the safety of the FBFC
fuel fabrication plants
at Romans-sur-Isère.

2012

and meticulousness of operations on this site. At the end of
this inspection, ASN highlighted
encouraging indicators of facility
safety improvements.
For IRSN, the approach
adopted by the licensee of
the FBFC plants is a sustainable part of its moves to
improve plant safety. As part
of these tasks to assess INB
safety, IRSN will examine this
approach at the request of
ASN, when it assesses the periodic safety review of the FBFC
plant fabricating fuel elements
for pressurised water reactors
(INB no. 98), which the licensee
submitted on 30 December,
2014. The conclusions of
this assessment is due to be

1 FOCUS
The number of
significant “fire and
explosion” events in
2013 and 2014 is within
the range of the 15 to
20 events already
observed in 2011–2012.
None of these events
resulted in a significant
outbreak of fire.
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The “criticality”
resolution
On 7 October, 2014, ASN
published its resolution
no. 2014-DC-0462, which
states the rules applicable
to INBs with regard to the
control of criticality risks. In
this respect, it completes the
application provisions of title III
of the order of 7 February,
2012, referred to as the “INB
order”.The provisions of this
resolution are effective from
1 July, 2015 onwards, involving
sampling over time depending
on the type of INB concerned
and its situation on the
publication date of the Official
Journal of the French Republic
containing the order approving
the resolution.

2013

2014

presented to the Advisory
Committee for Laboratories
and Plants (GPU) in a meeting
scheduled for 2016.
Lastly, the overall analysis of
the causes of the criticality risk
events did not reveal any notable change relative to those of
the previous years. This analyse confirms that attention
must be paid to the organisational measures contributing to criticality risk control.
These must enable the operational teams to safely fulfil their
tasks. Attention must particularly be paid to the operating
documents and the measures
taken in order to provide a
knowledge and understanding
of the requirements to be met
by the licensees.
Events related
to the fire
and explosion risks
During the 2013–2014 period,
19 events related to the fire and
explosion risks were reported
to ASN in 2013 and 16 were
reported in 2014 (Figure 2.30).

The number of events of this
type is very similar to that of
the 2011–2012 period.
They continue to concern the following (Figure 2.31):
›› Outbreaks of fire or smoke
emissions occurring during
work involving hot spots, or
caused by motors overheating, or the creation of sparks
reaching combustible materials (20% of the events). None
of these events resulted in
a significant fire or had any
consequences for the workers, the general public or the
environment, as the responder
teams rapidly contained the fire.
›› Failures to comply with the
operating rules (35% of the
events), mostly consisting of
the late performance of periodic inspections and tests of
fire protection systems or the
incomplete performance of
these inspections and tests.
›› Malfunctions in the fire protection (detection, extinction or
containment) systems (45% of
the events), approximately half
of which concern the fire detection and fire alarm systems.

Figure 2.31

Distribution of significant “fire” events in 2013 and 2014, by type

20%

Outbreaks of fire
or smoke emissions

35%

Deviations from
operating rules

10%

Fire extinguishing or
firefighting system
malfunctions

10%

Fire containment
system malfunctions

25%

Fire detection system
malfunctions

Safety of civilian basic nuclear installations other than French nuclear power reactors
Overall analysis of significant events occurring in 2013 and 2014 in INBs other than PWRs

© C. JANDAURECK_CADAM/CEA

1
2
3
4
Which events are related to the chemical
reaction risks resulting from chemical products
that could react violently together coming into
contact or being formed?
Figure 2.32

Work involving a hot spot

Furthermore, concerning the
three events that can be directly
or indirectly linked with the explosion risks:
›› One of the events involved
radiolysis and the formation of
hydrogen in a tank intended for
radioactive liquid storage. This
illustrates the importance of
properly monitoring the transfer of liquids and, in particular,
the volumes of liquid actually
put into the tanks when this is
done successively, as the incorrect recording of these volumes
can lead to the quantity of
hydrogen formed in these tanks
being wrongly assessed relative
to that for which the means of
radiolysis-related risk control
was sized.
›› The other two events are
related to the chemical
reaction risks resulting from
chemical products likely to
react together violently (“rapid
dynamic” events) coming into
contact or being formed. In
the case of these events, nitric
acid, a chemical compound
extensively used in certain
INBs involved in the nuclear fuel
cycle, is particularly to blame.

For IRSN, these events provide
a reminder of the attention that
must be paid to the measures
chosen, particularly organisational ones, to prevent the
explosion risks that could have
considerable consequences for
worker or installation safety.

The M ARIA database used by the French Ministry
of Sustainable Development (Directorate General
for Risk Prevention) contains, for all industrial
facilities, a M summary report for 197 French
events, as well as a few foreign ones, caused
by incompatible chemical products coming
into contact during basic operations. These
accidents, which were mainly due to human
errors, occurred while the chemical product was
being delivered (confusion between tanks, etc.),
during handling or cleaning operations (chemical
substance error, two incompatible products used
simultaneously, etc.), but also during emergency
responses using unsuitable resources for the
disaster concerned (the use of water on a fire
involving reactive metals, etc.).
Figure 2.33

Example of regulatory labelling relating to nitric acid

1 FOCUS

Figure 2.34

Fire in a glove box

The “fire” resolution
The ASN “fire” resolution no. 2014-DC-0417 of
28 January, 2014 states the rules applicable to
INBs concerning the control of risks associated
with fire (Figure 2.34).
In this respect, it completes the application
provisions of title III of the order of 7 February,
2012, referred to as the “INB order”. This
resolution, which was approved by a ministerial
order on 20 March, 2014, has been effective since
1 July, 2014.
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Although there are few such
events, the outbreaks of fire
show that the licensees must
continue to make efforts to prevent this type of events. This
particularly concerns the preparation of work and interventions,
both in prior analyses of the fire
risks and in the optimisation of
tools and cutting (Figure 2.32) or
soldering techniques, as well as
in the choice of materials used
in containments and protective measures (spark guards,
for example).

On 18 June, 2013, the operators noticed during a
liquid waste drum reconditioning operation that
one of the reconditioned drums had swollen and
the temperature of its wall had risen significantly.
While one of the operators was trying to remove
its lid, the lid was projected upwards, slightly
injuring the operator in the face.
In this instance, the licensee had not identified
the risk of a strong chemical reaction oxidising
the drum wall as a result of the nitric acid
(Figure 2.33) present in the conditioned liquid
waste sufficiently.
Furthermore, the event that occurred on 15 May,
2014 on the La Hague site is described in detail in
chapter 3 of this report.
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Events relating to the
risks linked with
handling operations
For 2013 and 2014, 21 events
related to the risks linked
with
handling
operations
(Figure 2.35) were reported to
ASN, significantly fewer than in
2011 and 2012 (29 events). This
reduction is due to the fact that
only six events were reported
in 2014, compared with 15 in
2013.
IRSN recalls that in the 2011–
2012 period, the number of
“handling” events (29 events)
was significantly higher than in the
previous two years (15 events in
2009–2010). This increase particularly concerned the following:
›› The AREVA NC La Hague site,
where similar events recurred,
some of which were due to
failures in the handling equipment’s control systems and to
improper use of its operating
modes other than the automatic mode used during normal operation (Figure 2.36).
IRSN addressed this subject in
particular in the periodic safety
review of the UP3-A plant, which
was conducted during the
2012–2015 period (see chapter 3 of this report). When its
file was examined, the licensee stated that, on the basis
of a guide that describes an
approach and tools for ensuring the reliability of the operating practices and which was
drawn up by the Health, Safety
and Sustainable Development
Department (D3SDD) of the
AREVA group, the La Hague
plant chose the pre-job briefing

The reduction in the
number of significant
“handling” events in
2013 and 2014
compared with 2011–
2012 is due to 2014,
in which only six
events were reported
instead of 15 in 2013.

Approximately 30% of
the “handling” events
reported in 2013 and
2014 correspond
to handled loads
actually falling,
although they did not
have any significant
radiological
consequences for
the workers or the
environment.

as the method used to ensure
reliability in sensitive activities
identified on the basis of eventbased feedback (including the
changing of the operating and
handling mode). The licensee
also stated that this practice,
which was initiated in July
2012, would be divided into
seven stages and deployed
at the beginning of 2013;
indeed, IRSN notes that no
“handling” event was reported
to ASN in 2014 concerning the
La Hague site.
›› Radioactive waste storage
facilities operated by the CEA,
at which waste casks or packages are handled with a view to
their storage or recovery, with
similar recurrent events in one
of these facilities resulting in the
lids of waste casks becoming
loosened during their handling.
Based on IRSN’s analysis of
these events, ASN asked CEA
to review the measures chosen
regarding the handling of these
casks in the light of the feedback from the handling operations carried out in its facilities.
In this context, CEA has drawn
up and applied in its various facilities a set of handling
operation topic sheets mainly
intended to remind workers
of the recommendations and
good practice regarding the
preparation and implementation
of these operations (including
details of the checks and periodic tests as well as the maintenance of the lifting equipment
and accessories); this feedback
was also shared with AREVA.
For IRSN, the decrease in
“handling” events observed in
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Figure 2.35

Trend in the number of significant events related to handling
operation risks during the
2011–2014 period
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Figure 2.36

A fuel assembly is lowered into the
cooling well of workshop T0 in the
AREVA NC La Hague plant.

2014 suggests that the efforts
of these licensees to control
the risks relating to handling
operations have been fruitful.
Furthermore, some notable
significant events occurred at
the Tricastin site: four events
were reported to ASN (five had
occurred during the 2011–2012
period), all concerning the handling of 48Y “cylinders” used
to transport and store uranium
hexafluoride (Figure 2.37). Three
of these events are mainly due to
failures in the handling equipment
used, indicating that the licensee
must strengthen its measures
regarding tests, periodic inspections and maintenance. The
fourth event, which occurred on
11 December, 2013, concerned
a failure in a device for gripping
these “cylinders” (lifting lug), with
potential repercussions for all “cylinders” of this type used worldwide; this event is presented in
greater detail in the “Key events”
chapter of this report.
Furthermore, the overall analysis of all “handling” events that
occurred during 2013 and 2014
shows the following:
›› Approximately 45% of the
events concern deviations from
the safety requirements, more
than half of which involved noncompliance with the statutory
inspection intervals for handling
equipment. For IRSN, this second finding is consistent with its
more general finding concern-
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1
ing failures to comply with the
periodic inspection and test
intervals and the root organisational failures they reveal.
›› Approximately 30% of the
events correspond to handled
loads actually falling; none of
these events had any significant radiological impact for the
workers or the environment.
Two key events that concerned
the handled load falling from
a great height can nevertheless be highlighted in terms of
feedback:
The event that occurred on
19 June 2014, in a radioactive waste disposal centre,
was caused by the package
handling crane being improperly controlled by its operator,
who did not notice that the
package being handled was
going to hit the top level of
a pile of packages already
stored in the construction.
For IRSN, this event provides
a reminder of the importance
that must be given to the
control of handling equipment; particularly, the experience feedback regarding
this event has resulted in
the programmable controller
associated with the control of
the package handling crane
(Figure 2.38) being reprogrammed to prevent vertical
and horizontal movements
occurring in combination
when a package is moved
in the disposal area, and the
ergonomics of the control
position of the crane concerned have been improved.
The event that occurred
on 15 December 2014
Figure 2.38
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2

Figure 2.37

A 48Y “cylinder” is handled on the Tricastin site

in Bugey reactor 1 during
decommissioning resulted
in a pipe, whose weight
was evaluated at 3 tonnes,
dropping 20 metres vertically through several floors.
For IRSN, this event provides a reminder that lifting
accessories must be chosen and used according
to the load being handled
(gripping points available)
and the load hooking system, and safety measures
(double slings, for example)
must always be provided
for; this event also provides
a reminder of the need
for worksite preparation,
particularly in the case of
decommissioning, already
discussed in this report, as
well as the importance of the
associated risk analyses.
›› The remaining 25% consist of
events of highly varied types,
consisting in particular of equipment degradation (loads, etc.)
during handling operations, or
else equipment malfunctions
during such operations.

© ANDRA/DR

Example of radioactive waste packages being handled in a waste
disposal facility

3
4

The event that occurred
on 15 December,
2014 while Bugey
reactor 1 was being
decommissioned
resulted in a pipe
section, with an
estimated weight of
three tonnes, falling
20 metres vertically
through several floors.

Two examples of events that resulted
in the handled load falling
On 19 June, 2014, during a disposal operation in one of
the disposal structures in the CSA waste disposal facility, a
package containing radioactive waste (in a concrete shell) fell
approximately 8 metres and hit two other packages in the
structure as well as its floor. This fall caused chips or cracks in the
two packages already stored, the package that fell and the floor.
The damaged packages all retained their integrity with regard to
the radioactive material dissemination risks.
The handling crane operator, who was working from a remote
cabin with the aim of controlling the risks of external exposure
to ionising radiation (the ALARA approach), moved the load
simultaneously both vertically and horizontally, leading him to
lose control of the trajectory of the handled package. The package
hit the top level of a pile of packages already disposed of in the
structure, resulting in it falling. This is because the package
became unhooked from its gripping tool, one of whose fingers had
been twisted when it hit another package at the top of the pile.
On 15 December, 2014, a vertical pipe section (diameter
approximately 40 cm, length 65 m and weight evaluated at
3 tonnes), whose interior had been very lightly contaminated,
fell vertically from a height of 20 metres in Bugey reactor 1,
which was being decommissioned, along its handling axis and
perforated two floors during a lowering manoeuvre prior to
being cut up. For its handling, the pipe section had been gripped
in a handling collar consisting of two steel half-shells bolted
together, holding it by its upper end and from which it was
suspended. This fall had only material consequences, although
several operators were present.
The adhesion between the handling collar and the pipe section
was lost while the pipe was being handled, causing the pipe to
slide and fall.
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On 16 January, 2014, the consignee of a
package, consisting of a shipping cask
containing irradiated fuel assemblies with
a low thermal power, noticed a discrepancy
after the package had been transported
between two CEA Cadarache facilities.
The consignee observed plugs on the
external containment of the shipping cask
which, according to the instructions for use
and the user guide for the shipping cask,
should only be in place during the cask
immersion phases in order to prevent any
water entering the “inter-containment”
space within the cask.

© C. DUPONT/AREVA

Example of an event related to the internal
transport of radioactive materials

Figure 2.40

Spent fuel shipping cask being transferred
on the AREVA NC La Hague site

What is the analysis of the events related to failures to comply with the periodic
inspection and test intervals for 2013 and 2014?
The public M previous report by IRSN concerning the lessons learned from the
significant events that occurred in INBs other than PWRs, covering the 2011–2012
period, presented a report of the events related to periodic inspections and tests. It
emerged that more than half of these events corresponded to non-compliance with the
intervals* (around forty significant “safety” events for the period). The trend in this type
of events continued in 2013 (Figure 2.39).
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Figure 2.39

History of non-compliance with the periodic inspection and test interval
The analysis carried out by IRSN in 2012 showed that these events revealed profound
organisational malfunctions that could affect other operational aspects: management
process failures; information system malfunctions; malfunctions associated with the
organisation of the work, the defining of responsibilities and the cooperation between
the workers; and difficulties in safety documentation control.
It must be said that the licensees have not resolved these difficulties and that, as well as
the trend in the number of events, the quality of their analysis is not improving. IRSN
finds that such an improvement mandatorily requires an analysis of the organisational
causes of these events. In this respect, IRSN also finds that the contribution of the
organisational dimensions of risk control is not yet sufficiently developed for the
licensees of a number of INBs other than PWRs.
* Non-compliance with the interval between tests, which is defined in the safety documents and applied in the derived
operating documents. For a given item of equipment, the interval depends on the intrinsic characteristics of the equipment
concerned (reliability data), its conditions of use (loads, wear, ageing, etc.) and the safety function it must perform.
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Events related to the
internal transport of
radioactive materials
In 2013 and 2014, seven significant events related to the internal transport of radioactive
materials (Figure 2.40) occurred
(four in 2013 and three in 2014).
The types of these events, all
of which were reported solely
regarding safety, can be classified
under the “documentation and
labelling”, “incorrect tie-down”,
“non-compliant
contents”,
“non-compliance with regulatory
requirements” and “damage
to packages during handling”
categories defined by IRSN
in its biannual report, “Safety
of the transport of radioactive
materials for civilian use in
France – Lessons learned by
IRSN from analysis of significant
events reported in NN and NN”
whose M last version, concerning
2012 and 2013, is available on
the IRSN website.
For IRSN, it is important that
the licensees analyse the feedback on the events related to
internal transport, and particularly the feedback on loading,
recipient or transport documentation errors, in order to
identify the source of these
failures, particularly those
with organisational and human
aspects, and define measures
to avoid the recurrence of such
events.
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Approximately 50% of the events
reported to ASN in 2013 and 2014
concerned systems for measuring
or monitoring the radioactive
gasesous waste discharged by the
INBs.

The number of significant “environmental” events including
a radiological component during the 2011–2014 period

Significant
environmental
events with a
radiological factor
Around 30 “environmental”
events with a radiological factor were reported to ASN in
2013 and 2014. The increase
seen in 2012 did not continue
(Figure 2.41).
As in the previous two years,
these events had negligible
radiological
consequences
for the general public or the
environment.
Approximately 65% of these
events concerned the systems
for measuring or monitoring
the gaseous radioactive waste
discharged by the INBs (corresponding to the same number of events of this type, i.e.,
around twenty, as in 2011 and
2012). In order of importance,
these consisted of chance
shutdowns or the unavailability
of waste monitoring systems,
incorrect waste measurements
or required measurements that
have not been taken. The causes
of these events include chance
equipment failures as well as
organisational or human failures
during operational tasks and,
particularly, during maintenance
work. The main deviations seen
regarding equipment failures are
linked with common types of
measuring equipment failures,
particularly in their power supply
or instrumentation and control,
or else in the ventilation system

required in order to measure the
gaseous discharges. All of these
malfunctions can result in the
continuous monitoring of these
discharges being temporarily lost.
For IRSN, the recurrence of this
type of event emphasises that
the licensees must continue
their efforts to ensure the relevance of the technical systems
used to measure the gaseous
discharges from their INBs,
which are intended to comply
with all requirements set out
in the prescriptions regulating
effluent discharges.
The event of 15 January 2014,
concerning a generic configuration error in the monitor that
continuously monitors the iodine
contamination of the gaseous discharges from an INB, illustrates
the questions posed by the failure
in the radiation protection system installed in a facility stack to
monitor the gaseous discharges.
In particuar, this system must be
able to use continuous measurements to rapidly detect a potential
abnormal release of radioactive
gaseous waste as required in the
prescriptions regulating INB effluent discharges.
In addition, the quality of these
measurements demand that they
be performed on gaseous effluent representative of the actual
discharges, requiring that the
design be appropriate for the
sampling and measurement systems as well as for the operating

Example of an “environmental” event related to a failure
in the system used to monitor the gaseous waste discharges
Following an iodine-131 injection in April 2014, the licensee of a
radioelement fabrication plant observed, when performing the
annual test to check the efficiency of the iodine trips equipping
the dynamic containment system of the installation, that the
results of the continuous iodine monitoring stations in the stack
were not forwarded to the control panel of the installation. In
particular, this prevented the instant detection of any accidental
radioactive iodine release.
The analysis of the incident, which the licensee carried out
with the help of the iodine monitoring system’s manufacturer,
revealed an error in the parameters of all monitoring stations of
this type installed in the plant. It should be noted that the iodine
measurements taken at the regulatory intervals have confirmed
that there were no discharges while the monitoring system
was malfunctioning.

During the 2013–2014 period,
the monitoring system testing
performed by the licensees at
the request of ASN sometimes
revealed deviations, some
of which were reported as
significant events; this may
explain why the number of
events of this type did not
decrease during this period.
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How are the gaseous radioactive waste levels
monitored in INB stacks?
In order to guarantee the sanitary quality of the water
and air and check the impact of the effluents from
each nuclear facility on humans and the environment,
the licensees are obliged to continuously monitor the
chemical and radioactive waste discharges produced
by their facilities in liquid or gaseous form. Continuous
monitoring of gaseous radioactive waste discharges
is used in particular to check that the quantities of
radionuclides discharged by the stacks of nuclear
facilities never exceed the authorised discharge limits
at any time.

© POTTIER/LE BAR FLORÉAL/IRSN

This monitoring is mainly based on measurements
made using the samples taken in the nuclear facility
stacks that discharge radioactive gaseous waste. The
quality of these measurements demands that they
be performed on waste representative of the actual
discharges, requiring an appropriate design for the
sampling and measurement systems as well as for the
operating measures (in particular, proper measuring
system settings) to ensure that the measurements
remain representative over time.
In particular, the discharge air sampling systems
must be properly positioned in the flow of air
discharged in the stack in order to accurately
measure the activity of the gaseous radioactive waste.
Figure 2.42

AREVA NC La Hague UP2-400 plant stack

Examples of actions taken to reduce the number
of events corresponding to the limits defined in the
prescriptions regulating INB effluent discharge
being exceeded.
In its December 2013 letter drawing the attention
of the INB licensees to the main elements identified
as requiring improvements in the processing of
significant events, ASN noted that the further
analysis carried out by licensees regarding the
“environmental” events were not as detailed as
expected.
For ASN, this situation could mainly be seen in the
reports related to the exceeding of discharge limits,
which had doubled in number between 2010 and
2011. ASN therefore asked the licensees to improve
the quality of their analyses and the contents of their
significant “environmental” event reports, which must
include a more detailed analysis of the causes of the
events concerned.
For example, AREVA NC has stated in its reply to
this letter that, in view of the recurrence of incidents
in which the limits related to the liquid discharges
from the La Hague site were exceeded between
2008 and 2012, it had undertaken a cross-functional
analysis of all of these events, the identified causes
and the corrective or preventive measures taken in
order to discuss the matter with the site in greater
detail. Such actions have been found to have positive
results, as the number of events reported by the La
Hague site regarding environmental issues decreased
significantly in 2013.
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measures (in particular, proper
measuring system settings) to
ensure that the measurements
remain representative over time.
In this respect, it should be
remembered that several events
during 2012 had revealed, or led
one to suspect, the existence
of measurements that were not
representative of radioactive
gaseous waste discharges. This
type of malfunction could have
resulted in the discharges being
underestimated and the detection of abnormal radioactive
waste releases being delayed.
Depending on the case, these
events resulted either in defects in
the design of the measurement
systems installed in the facility
stacks (Figure 2.42) or in inappropriate or inadequate operating
measures, potentially leading to
incorrect measurements. Given
the potentially generic nature of
this type of event, ASN asked
all INB licensees in October
2012 to check that the sampling
points are correctly positioned

and that the measures chosen
for their INBs are appropriate, in
order to ensure that the measures conducted remain properly
representative over time. In this
respect, the measurement system testing performed by the
licensees during the 2013–2014
period sometimes revealed
deviations, some of which were
reported as significant events;
this may explain why the number of events of this type did not
decrease during this period.
Furthermore, approximately 30%
of the events correspond to cases
in which the limits defined in the
prescriptions regulating INB effluent discharges were exceeded
(this value is identical to that of the
2011–2012 period). Four-fifths of
these events related to gaseous
radioactive waste discharges (in
particular tritium, fluorine or carbon-14) and one-fifth concerned
liquid waste discharges.
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1
Events related to safety
documentation control
The operation of nuclear facilities is
governed by safety documentation
(safety reports, general operating
rules, procedures, organisation
memoranda, sequences of operations, etc.) that sets out a very
large number of requirements. This
safety documentation is essential
in risk control, as it is used to
ensure (in particular through safety
analyses) that the licensee has put
in place sufficient lines of defence
and guarantees that their efficiency
is maintained (via general operating
rules, and periodic inspections and
tests). The safety documentation
covers a very wide spectrum of
requirements related to the operation of nuclear facilities: parameter
values, test procedures and intervals, work organisation, stakeholder roles and responsibilities,
expected behaviour, document
management procedure, etc. The
safety documentation therefore
includes all requirements of external origin (regulatory requirements,
manufacturers’ instructions, etc.)
or internal origin (general operating
rules, operating procedures, work
organisation, etc.).
Cross-functional analysis of the
event-related feedback reveals a
large number of cases for which the
elements of this safety documentation are unknown, not applied,
erroneous or not applicable to the
situation concerned. This corresponds to around a quarter of all
events (more than 100 safety or
radiation protection events) for
the 2013–2014 period.
The production of the safety
documentation and the management of its revisions varies greatly
between the licensees. However,
the cross-disciplinary analysis
of the significant events reveals
common questions and similar
phenomena underlying the “noncompliance with safety documentation” deviations.
A lack of meticulousness or skills
on the part of the stakeholders
regularly appears as the cause
of these events in the analyses
presented by the licensees. In
most cases, this is not the “root”
cause. Transgressing the safety
documentation can demonstrate

an insufficient knowledge of it or
be the result of a deliberate decision based on a real-time analysis of the situation (founded or
unfounded) following which the
stakeholder concludes (wrongly or
rightly) that the safety documentation concerned is unsuitable. As
a consequence, reiterating the
importance of respecting the
procedures, as is frequently
done in significant event reports,
means that one is not learning
any lessons from the actual situation in which the event took
place.
For IRSN, the analysis of these
events must be used to reexamine the suitability of the
safety documentation (volume,
structure, legitimacy of the requirements, clarity with which they
are expressed, etc.), processes
for applying and updating the
requirements, and the meaning
that they take with regard to the
constraints associated with the
actual activity of the licensees.
The keys to “safety documentation control” are in the processes, such as the design of
safety documentation, the periodic assessments of suitability
and updates when appropriate,
and assistance for stakeholders.
The safety documentation is suitable, understood and applied if it:
›› Reflects the actual state of the
installation and of current operational constraints;
›› Takes into account the reality of the activities by involving
the operational personnel from
design onwards;
›› Proposes a guidance level
(structure, readability, etc.) that
matches the actual knowledge
and skills of the stakeholders;
›› Is relayed by the managers closest to the work in order to convey
the meaning of the requirements
to be met.
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Around a quarter of the events
(more than 100 safety or radiation
protection events) during the
2013–2014 period were caused
by a failure related to the
operating documents.

A lack of meticulousness or skills
on the part of the workers regularly
appears as the cause of the events
in the analyses presented by the
licensees. In most cases, however, this
is not the “root” cause.

The analysis of the significant
events, as well as the examinations carried out by IRSN –
which considered the reality of
the field in which the risks are
controlled – showed that these
conditions were not always met.
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Key events
Events reported in February and March 2013
by the CEA site at Fontenay-aux-Roses
Event on 15 October, 2013 at the ATALANTE facility
Event on 11 December, 2013 on the Tricastin site
Event on 15 May, 2014 in plant UP3-A
at the AREVA NC La Hague site

This chapter presents five of the most
significant events in 2013 and 2014, which
illustrate some of the issues dealt with earlier,
in the chapter presenting the overall analysis
of events. Assessments of these events were
carried out by IRSN and opinions were sent
to the competent authority.

Safety at civil basic nuclear installations other than France's nuclear power plants
Key events

1

Events reported in February and March
2013 by the CEA site at Fontenay-aux-Roses

2
3
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The two events below illustrate the internal contamination risks faced by workers during the
dismantling of nuclear facilities. In particular they revealed shortcomings in the preparatory
phases of dismantling projects and inappropriate practices given the risks of worker
exposure to ionising radiation. IRSN has carried out a detailed analysis of these two events,
identifying general lessons for controlling this type of risk.

T

he PETRUS complex, now in its
decommissioning
phase, was used
for research and
development on
transuranic elements. The main
components of the complex were
a shielded cell line, a room containing old tanks (Figure 3.1), a
discharging area and connecting
galleries. The room housing the
old tanks, on the second basement level, contained two tanks
(1 and 2) made from vulcathene
which once contained high-level
liquid waste (HL waste), and three
tanks (A, B and C) which once
contained very high-level liquid
waste (VHLW). The development
of holes in the vulcathene tanks
in 1974 made them unusable and
caused massive contamination of
the room, making it inaccessible
to workers (red radiological zoning
classification).

In 1974, the
development of holes
in the vulcathene
tanks that had
contained high-level
liquid waste made
them unusable and
caused massive
contamination of
the room, making
it inaccessible
to workers (red
radiological zoning
classification).

Prior to taking the necessary
measures for dismantling the
PETRUS complex, certain equipment had to be dismantled and
removed, including the sampling
system for the vulcathene tanks,

Despite the
decontamination
of the Tyvek® suit,
some residual
contamination was
measured on the skin
on the operator's
knee.

situated above the tank room,
and the chemical reagent injection
system on the PETRUS shielded
cell line roof.
Brief description
of the events
Event reported in
February 2013 (SRPE 1)
In the ventilated personnel airlock installed for the removal of
the vulcathene tank effluent sampling system, an operator wearing a Tyvek® protective suit and
an air-purifying respirator (APR)
knelt one knee on the floor to take
smears for testing contamination.
The operator was forced to adopt
this posture because the personnel airlock was so small, mainly
due to the fact that there was no
inline removal of waste produced
earlier. Following this operation,
contamination with alpha emitters was detected on the protective suit, at the operator’s
right knee and also on the APR
cartridge. Despite decontamination of the Tyvek® suit, residual
contamination was measured on
the skin of the operator's knee.
The operator was treated by the
medical department, and the final
results of radiotoxicological

What measures are taken
to verify contamination?
Smearable contamination
is verified by means of
smears (e.g. rubbing a
representative area of
between 100 cm2 and
300 cm2 with a damp
piece of absorbent paper)
whereas non-smearable
contamination is measured
using a portable radiation
measuring device.
The smears are then
tested either directly
using a portable radiation
measuring device or
indirectly using a liquid
scintillation counter.

What is an APR?

© AREVA/DR

Background

Figure 3.3

Operators wearing APRs

© CEA/DR

Figure 3.1

Diagram of the
PETRUS complex
tank room

Air-purifying respirators
(APRs) generally consist
of a face mask covering the
airways (nose and mouth),
with a cartridge containing
a filter for purifying the
contaminated ambient
air breathed in by the
operator.
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Radiotoxicological
analyses are designed to
measure the concentration
of activity in an excreta
sample. The samples usually
consist of samples of urine,
faeces or nasal mucus*.
*It should be noted that the analysis of
nasal mucus samples is not used for
dosimetric estimates of exposure; it
is merely a quick way of diagnosing
internal contamination following work
in a contaminated environment.

Event reported in
March 2013 (SRPE 2)
During the preparatory phase
of the dismantling of the chemical reagent injection system
(Figure 3.4) on the roof of the
shielded cell line, a mapping
of the accessible parts to be
removed revealed a small amount
of smearable contamination with
alpha emitters. The accessible
parts were cleaned up and paint
was applied to fix the residual
contamination.
During the dismantling of the
piping brackets, the gloves and
APR of one of the operators were
tested and found to be contaminated. The APR, which was still
being worn by the operator, was
decontaminated and its filter
cartridge was replaced; this was

© CEA/DR

What is meant by
radiotoxicological
analyses?

analyses carried out on the
operator showed that the committed dose (internal contamination through transfer via the skin)
was nearly half the regulatory
annual limit. Tests carried out on
the personnel airlock after the
event revealed the presence of
smearable plutonium-238 and
caesium-137 contamination.

Figure 3.4

Chemical reagent injection system on the roof of the PETRUS shielded cell line

done away from the work site, but
still on the shielded cell line roof
where the wearing of an APR (with
its filter cartridge installed) is mandatory. These operations were
also performed without informing
the radiation protection department. A sample of the operator's
nasal mucus when the work was
finished also tested positive and

radiotoxicological analyses suggested that the committed dose
was less than a quarter of the
regulatory annual limit.
ASN classified both events as
INES level 1.

Are there any parallels with similar events in pressurised water reactors?

A sample of the
operator's nasal mucus
tested positive and
radiotoxicological
analyses suggested that
the committed dose was
less than a quarter of the
regulatory annual limit.
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Both of the events described
below are taken from the report
M IRSN's Position on Safety and
Radiation Protection at Nuclear
Power Plants in France in 2014.
On 18 August, 2014, two
workers from a contractor
company started cutting up
old filters from a ventilation
system in the nuclear auxiliary
building of the reactors at the
Belleville-sur-Loire nuclear
power plant. This work was
expected to take several days.
On 26 August 2014, one of the
two workers, who had initially
been outside the airlock in
which the work was being
carried out, wanted to help his
colleague to place the cut up
filters in waste sacks, but he
failed to put on the breathing
apparatus that was both
necessary and a requirement.
When he left the zone, the
check performed at a radiation
portal monitor for personnel
detected contamination on
this operator's head. The

contamination, in his nose,
turned out to be due to a
cobalt-60 particle of around
26 kBq. The integrated dose
was estimated to be more than
a quarter of the regulatory
annual skin dose limit of
500 mSv.
As a result of this event, the
plant operator reminded the
contractor that respiratory
protection was mandatory for
anyone working in the filter
cutting airlock.
On 17 May, 2014, an event
at the Blayais nuclear power
plant also led to the facial
contamination of a worker who
had performed an operation to
replace a piece of reactor vessel
equipment. The work was
done in a ventilated leaktight
suit. The worker realised he
had contamination on one
cheek, after removing the suit,
when he was performing a
manual check using portable
monitoring equipment before

going through the personnel
radiation portal monitor.
The particle had been on the
worker's cheek for around two
hours and its radioactivity was
estimated at 18 kBq. Following
an analysis, the occupational
health physician at the Blayais
power plant estimated that
the skin dose was more than a
quarter of the aforementioned
regulatory annual limit.
Because the contamination
was transferred while the
worker was removing the
suit, a reminder was given
to the dress out assistants
about the best practices
for avoiding the transfer of
contamination during these
operations.
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The analysis of SRPE 1 showed
that the facility operator had only
incomplete records for the operation of the vulcathene tank effluent sampling system, and that
the contamination that caused
the event, which had come from
behind the sampling system
structure, must have been caused
by a leak or a waste spillage not
documented in those records.
Furthermore, because there was
no residual liquid waste in the personnel airlock and no smearable
contamination was measured, the
protective suit that was originally
supposed to be worn (a ventilated
leaktight suit) was replaced by a
Tyvek® protective suit and the
wearing of the APR. This change,

The mapping
performed prior
to the start of the
work had not been
exhaustive due to the
inaccessibility of
some work areas.

Changing the
cartridge of an airpurifying respirator
(APR) filter in a zone
where wearing an
APR is mandatory
is only justified
in exceptional
circumstances where
the cartridge is
clogged, which could
make it difficult for the
operator to breathe.

which was less suitable for the
working environment, proved
inappropriate.
In the case of SRPE 2, several
events leading to contamination of the roof of the PETRUS
shielded cell line had been
reported in previous decades. As
explained above, cleanup operations had been carried out and
residual contamination had been
fixed with paint.
However, the radiation measurement mapping (of contamination or dose rate) performed
before the work started was not
exhaustive due to the inaccessibility of some work areas. To
remedy this, radiation controls of
the work areas had been carried
out by the workers as the project progressed and new areas
became accessible, to detect as
early as possible the existence of
any contamination not identified
at the outset; this constitutes a
good practice. However, despite
the facility's radiological history
(the suspected presence of old
contamination), these controls
were not combined with any
continuous radiation monitoring (atmospheric contamination
monitors) or with measures to
limit the dispersion of radioactive
substances, such as the installation of a personnel airlock with a
ventilation system.
The corrective action chosen by
the facility operator to prevent a
recurrence of these events was
to raise awareness among those
in charge of operations to the
importance of the inline removal
of radioactive waste generated in
a small personnel airlock, in the
case of SRPE 1, and to the importance of immediately alerting the
radiation protection service and
informing the facility manager
when a radiological event occurs,
in the case of SRPE 2. In addition,
in its significant event reports, the
facility operator indicated notably
that it planned to:
›› Begin a reflection process on
the practice of replacing an
APR filter cartridge in the event
of contamination and, if necessary, write a procedure;
›› Write a radiation protection procedure specific to each task to
be performed on the PETRUS
complex roof.

1

Following these two events, ASN
carried out a reactive inspection,
the aim of which was to examine the context in which they
occurred and the appropriateness
of the corrective action taken.

2
3
4

Lessons learned
by IRSN
From the analysis it performed
of the two events, IRSN drew
the following general lessons:
›› When the records of the
operation of equipment on
which work is to be done are
incomplete, or when access
to certain work areas is difficult, radiation measurements
should be taken as the work
progresses; this is essential
particularly for checking that
the measures taken to control
the risks identified in the risk
analysis carried out prior to
the work are appropriate;
›› If the personal protective
equipment originally chosen for work in a radioactive
environment is changed,
the change must always be
confirmed by a risk analysis validated by personnel
with radiation protection
expertise;
›› Changing the filter cartridge
of an APR in a zone where an
APR must be worn should normally be prohibited because
doing so could cause contamination of the operator
concerned. IRSN believes
that it can only be allowed,
on an exceptional basis, if the
cartridge is clogged which
could make it difficult for the
operator to breathe; in this
case too, the procedure to
be followed should also be
identified in advance by the
facility operator and instructions and appropriate training
should be provided.

What is a Tyvek®
protective suit?

© DUPONT/DR

Analysis of the causes
of the events and
corrective action

Figure 3.2

Tyvek® protective suit
A Tyvek® protective suit
is an item of personal
protective equipment (PPE)
designed to be worn by
a person to protect them
from one or more risks to
their safety or health, such
as those associated with a
contaminated atmosphere.

What do we mean by
radiation measurement
mapping?
A radiation measurement
mapping is a diagram of
the installation showing
radiation measurements
(dose rate, smearable or nonsmearable contamination
values) representative of
the radiological working
environment.
This representation should
enable "hot spots" (the most
radioactive or contaminated
spots) in the work area to be
identified, should represent
the data from
radiation measurements
carried out, and as a result
should allow the planned
work to be adapted to those
radiological conditions.
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Event on 15 October, 2013
at the ATALANTE facility
This event illustrates the issue of ventilation system shutdown in a nuclear facility due to
poor design of the power supply to the fans and of the instrumentation and controls used
to run those systems in every imaginable operating configuration. At ASN's request, IRSN
carried out a detailed analysis of this event, which concluded that it had the potential to be
a generic problem. Hence IRSN recommended that the operating experience feedback from
the event should be taken into consideration by all INB licensees.

T

he ATALANTE facility at CEA Marcoule
(Figure 3.5), is a
research and development facility looking at processing
spent nuclear fuels from their dissolution to the conditioning of the
high-level waste. The facility uses
representative or real radioactive
products.
It consists mainly of shielded cell
line (shielded cells arranged in
a hot laboratory, where highly
radioactive substances are handled using remote manipulators
– Figure 3.6) and laboratories
equipped with glove boxes.
The facility has a number of
ventilation systems (Figure
3.7), which keep the rooms
(EG2), containments (EZ4) and
circuits containing radioactive
substances (EP) under negative
pressure. These systems consist

Figure 3.6

© CEA/DR

Shielded cell line at the Atalante facility
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of fans for blowing and extracting the air, filters, and ducts
through which the air circulates.
Programmable controllers are
used to control the systems,
stopping and starting the fans to
ensure greater negative pressure

is maintained in the "process"
circuits than in the containments
and greater negative pressure
is maintained in the containments than in the rooms, so as
to limit the risks of atmospheric
contamination of the rooms
(dynamic confinement). There
are various different operating
configurations, mainly to take
account of the number of fans
in operation.

Figure 3.5

Aerial view of the Atalante facility

Brief description
of the event

© CEA/DR

Background

In early October 2013, improvements were made to the ventilation system, which led to new
electrical protection settings for
some of the fans.
On 15 October, 2013, annual
scheduled maintenance was
being carried out which meant
switching the ventilation for
part of the ATALANTE facility from normal to "reduced"
mode (fewer fans working than
during normal ventilation system
operation).
During one of the start-up
sequences of the fans used in
reduced mode, an electrical
fault caused by the new electrical protection settings of one of
the modified fans caused it to
stop. A sequence of automatic
actions then caused several fans
powered by the same power
supply to start simultaneously,
generating high demand for
electrical current, which tripped
the thermal overload protection
switches and caused the unexpected shutdown of part of the
facility's ventilation systems.
This event, which led to a loss
of dynamic confinement in the
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1
HEPA filter

2

Filter and/or trap
suitable for the process

Front zone

3
EP

4

EZ4

Figure 3.7

Shielded cell

Diagram of the Atalante facility ventilation
systems

Rear zone

containments and the process
equipment for around four minutes, had no radiological impact
on either personnel or the environment, mainly due to the fact
that, in accordance with a general procedure for operating ventilation systems, the facility had
earlier been put into a fallback
state because the ventilation
was going into reduced mode
operation.
ASN classified this event as
INES level 0.
Analysis of the causes
of the event and
corrective action
The facility operator's analysis of
the event concluded principally
that the loss of a fan as a result
of a fault, leading to automatic
switchover to the emergency fan
at the same time as an air supply fan was being started, had
not been considered when the
facility was designed.
This event showed that the
power supply to the fans could
not cope with a particular fan
switching sequence (Figure 3.8).
The corrective action taken
by the facility operator consisted mainly of increasing the
time taken to trigger the circuit
breakers that cut the power to
the fans and altering the way the
controllers are programmed to
prevent the simultaneous startup of multiple fans on the same
power supply and also to prevent the permutation of certain
fans during the start-up phases.

Lessons learned
by IRSN
Concluding its analysis of this
event, IRSN found that the
measures taken by the facility
operator to avoid a recurrence
of the event were generally
appropriate. However, IRSN
issued a number of recommendations to ensure the facility
operator would check that the
measures taken were adequate
as regards both the increase in
the time until the circuit breakers concerned were activated
and the changes to the system
controllers.
IRSN also felt that this event
could potentially signal a more
widespread problem, and that
this operating experience

feedback should be taken into
consideration by all INB licensees, particularly in the context
of periodic safety reviews of
their facilities.
In IRSN's view, licensees
should check in particular that
the design measures used
for the programmable controllers and power supplies
of ventilation equipment in
their facilities would prevent
a similar event to the one that
occurred at the ATALANTE
facility on 15 October, 2013.

This event showed
that the power
supply to the fans
could not cope with
all the operating
configurations of the
ventilation systems.

Figure 3.8

Fan room

© CEA/DR
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EG2
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Event on 11 December, 2013
on the Tricastin site
This event illustrates the issue of the failure of load-holding systems during handling.
Because 48Y "cylinders" for transporting uranium hexafluoride are used fairly
extensively throughout the world, the lessons from this event were taken on board by
the foreign safety authorities and nuclear plant operators using this type of transport.
In addition, IRSN proposed that the lessons learned from this event should be taken
into account in the standard concerning the manufacture of the 48Y cylinders.

I

Background

n the context of operations
related to the manufacture
of nuclear fuel (the "front
end" of the fuel cycle) at the
AREVA NC COMUHREX plant
in Pierrelatte, uranium tetrafluoride is converted to uranium
hexafluoride, the chemical form
that enables the uranium to be
enriched further in the gaseous
phase.

During an inspection
of the 48Y cylinders
in a storage area
at the AREVA NC
Tricastin site, an
operator noticed a
lifting lug from a
cylinder, on
the ground.

The uranium hexafluoride is then
transported in cylindrical type
48Y containers to the Georges
Besse II plant in Pierrelatte to be
enriched (increase in the proportion of uranium-235 atoms) to a
maximum of 5% using a centrifuging process.
The 48Y containers are steel cylinders 48 inches (1.22 m) in diameter and 3.8 m in length. Each
cylinder has three stiffening rings
and four lifting lugs; each lifting lug

consists of a steel plate welded
to one of the end stiffening rings,
with a hole in it to enable the cylinder to be lifted and anchored
(Figure 3.9).
Brief description
of the event
On 11 December, 2013, during
an inspection of the cylinders in
a storage area at the AREVA NC
Tricastin site, an operator noticed
a lifting lug from a 48Y cylinder
lying on the ground. A search of
the storage area found that a lifting lug was missing from one of
the 48Y cylinders stored there.
The cylinder contained depleted
uranium hexafluoride.
As a result of this event, ASN
asked AREVA NC not to perform
any operations putting stress on
the lifting lugs of the 48Y cylinders
unless the lugs (Figure 3.10) had
first been checked in accordance
with criteria approved by ASN.

This request prompted the various
operators affected at the Tricastin
platform (AREVA NC for the conversion and deconversion plants,
EURODIF for the gaseous diffusion enrichment plant and Société
d'enrichissement du Tricastin for
the Georges Besse II plant) to
start using special equipment to
handle and anchor the 48Y cylinders that would not put stress
on the lifting lugs.
ASN classified this event as INES
level 0.
Analysis of the causes
of the event and
corrective action
Initially the plant operator performed visual inspections and
non-destructive tests (magnetic
particle testing1) to identify defects
in the welds on the 48Y cylinders
stored on the site and temporarily removed the non-compliant
Figure 3.9

© AREVA/DR/TN INTERNATIONAL

48Y cylinder secured
to its means of
transport
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Figure 3.10

48Y drum during
handling using slings
fixed to the lifting lugs

1
2
3
4

© AREVA/DR

cylinders from service. In addition,
the plant operator initiated several
types of metallographic examination to characterise the type of
failure observed and identify the
likely cause of the loss of a lug.
To allow the transport operations
to resume, the operator proposed that, for cylinders where
no defects were detected by
the magnetic particle tests, an
overload test (Figure 3.11) to
1.5 times the maximum load the
cylinders would carry, should be
performed on the two pairs of lugs
diagonally opposite one another,
prior to any use of the cylinders
that would put stress on the lugs.
A second visual inspection, followed by magnetic particle testing
of the welds, would then be carried out to confirm that the lugs
were still firmly attached before
anchoring and transporting the
cylinders.
All these criteria for testing the
lifting lugs were assessed by
IRSN. Once ASN had given its
approval, the carriage of full 48Y
cylinders on the public highway
could resume.

The various analyses carried out
by the operator led to the conclusion that the failure of the lifting
lugs was due to the presence of
defects at the time of welding.
These defects were probably the
result of poor welding practices
(poor preparation of the surfaces
before welding, inadequate weld
heat input, etc.) combined with
a welding process no longer in
use today.

What does the overload test performed
on the 48Y cylinders consist of?
The overload test is performed on each pair of diagonally
opposite lugs (Figure 3.1.1). The cylinder is lifted by a maximum
height of 10 cm for 10 minutes, which is representative of the
lifting time during cylinder handling operations using the
lifting lugs.
For the test, a load is attached to the cylinder to make the total
load 1.5 times the mass of the cylinder when full (22.5 tonnes).
So a 20-tonne load is hung under an empty cylinder and an
8.2-tonne load is hung under a full cylinder.
CRANE
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CRANE

Lessons learned
by IRSN
Thousands of international
transport operations take
place each year using 48Y
cylinders to carry unenriched
uranium hexafluoride, so the
lessons learned from this
event prompted foreign safety
authorities and nuclear plant
licensees to check that the lifting lugs on 48Y cylinders were
securely attached before being
used for transport operations.
Furthermore, the modal regulations on the carriage of dangerous goods (ADR, RID2, etc.)
require that 48Y cylinders containing at least 0.1 kg of uranium
hexafluoride are designed and
manufactured in accordance
with the specifications set out
in standard ISO 7195. Following
this event, IRSN contacted the
committee responsible for writing this standard to request the
inclusion of a non-destructive
test of the lifting lug welds on
the 48Y cylinders at the end
of the manufacturing process
and during the periodic maintenance inspections carried out
every five years. This proposal
is currently being examined by
the standards committee.

The various analyses
carried out by the
operator led to the
conclusion that the
failure of the lifting
lugs was due to the
presence of defects at
the time of welding.

1. Magnetic particle testing is a nondestructive testing method used to detect
breaks or cracks in or near the surface
in a weld. The defects being detected are
"lack of fusion" defects indicative of poor
quality welding.
TEST OF LUGS 1 AND 3

Figure 3.11

Diagram of the configuration used for the overload
test performed on the 48Y cylinders

TEST OF LUGS 2 AND 4

2. ADR: European Agreement concerning
the International Carriage of Dangerous
Goods by Road
RID: Regulation concerning the International Carriage of Dangerous Goods
by Rail
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Event on 15 May, 2014
in plant UP3-A at the
AREVA NC La Hague site
This event illustrates the risks of chemical reactions that can occur as a result of
accidental contact between chemicals that can react violently with one another, or due
to the formation of such chemicals. The feedback from this type of event is important,
particularly in view of the potential impact on safety and the relative frequency of this
type of risk in basic nuclear installations other than pressurised water reactors.
Background

T

he AREVA NC
La Hague site
undertakes the storage and processing
of spent fuel assemblies in plants UP3-A
(INB 116) and UP2-800 (INB 117).
These plants are split into facilities
where the different stages in the
process are carried out (shearing/
dissolution of the fuels, separation/
conditioning/storage of the materials, treatment of the solid and liquid
waste, etc.).

The formation of
unstable compounds
known as "red
oils" is the result of
reactions between
nitric acid or nitrates
of heavy metals and
tributyl phosphate
or its degradation
products under
specific conditions.

The spent nuclear fuels are
sheared then dissolved (Figure
3.12), using nitric acid, in the
R1 (UP2-800) and T1 (UP3-A)
facilities. The uranium, plutonium
and fission products in the dissolution solution are separated
using a "liquid-liquid" extraction
process in the R2 (UP2-800) and
T2 (UP3-A) facilities. The uranyl
nitrate solution produced is transferred to the T3 purification facility
(plant UP3-A) and the plutonium
nitrate solution is transferred to
the purification and plutonium
oxide fabrication facilities R4
(UP2-800) and T4 (UP3-A), where
the uranyl nitrate purification and
plutonium nitrate purification are
also performed using a "liquidliquid" extraction process.
In the "liquid-liquid" extraction
processes used in facilities
R2, R4, T2, T3 and T4, tributyl
phosphate (TBP) is the solvent
used for the selective extraction
of the uranium and plutonium,
and hydrogenated tetrapropylene (HTP) is used as the "inert"
organic diluent of the TBP.
The HTP is also used in scrubbing
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Spent nuclear fuel

R1/T1
Shearing/dissolution

R2/T2
Extraction/
concentration
Uranyl nitrate

Plutonium nitrate
Fission products

T3
Uranyl nitrate
purification

R7/T7
Vitrification of the
fission product
solutions

R4/T4
Purification and
manufacture of
plutonium oxide

Figure 3.12

Diagram of the spent fuel treatment process

equipment to remove from the
aqueous solutions coming from
the "liquid-liquid" extraction
processes any mechanically
entrained or dissolved traces of
TBP. From a safety point of view,
scrubbing with an HTP solution
prevents significant quantities
of TBP from being transferred
to the concentration (evaporator) units of the aqueous phases
resulting from the "liquid-liquid"
extraction processes. This helps
to prevent explosion risks linked
to the formation of unstable
compounds known as "red oils",
which are generated during reactions between nitric acid or the
nitrates of heavy metals and TBP

or its degradation products under
specific conditions.
In plant UP3-A, the pure HTP is
prepared in unit 4001 of facility
T3 by mixing recycled HTP from
the organic effluent treatment
process and "new" HTP packaged in 200 L drums discharged
into a tank in the central building
(BC-UP3).
Brief description
of the event
On 20 May, 2014, a worker who
was going to discharge some
drums of HTP in the central
building noticed that the number of empty HTP drums in the
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2
3
4
storage area was incorrect. After
checking this, the plant operator established that, during the
previous discharge operation on
15 May, 2014, four drums of TBP
had been discharged instead of
four drums of HTP.
The solution resulting from the
mixture of TBP discharged in error
and the recycled HTP, used from
16 to 20 May, 2014 for the scrubbing operations performed in
facilities T3 and T4, had a higher
TBP content than normal, which

meant that the nominal effectiveness of the scrubbing operations,
prior to treatment of the aqueous
solutions involved in the evaporation process in the downstream
units, could not be guaranteed.
However, according to the process parameters recorded for
facilities T3 and T4 (temperatures,
densities, flow rates, levels, etc.)
and those for facility T2, which
receives the effluent from facilities T3 and T4, and the results
of samples taken after the event

was detected from the equipment
in the units in operation, this did
not have any impact on the safety
of the facilities.
Nevertheless, ASN classified this
event as INES level 1 because of
its potential consequences for
safety.

1 FOCUS
Management of the risks associated with the formation
of red oil compounds in the spent fuel treatment plants
at the AREVA NC La Hague site
The risk associated with the
event on 15 May, 2014 is of
an explosion in the process
equipment, linked to the
possible formation of red oils.
During the design of
plant UP3, the explosion
risks associated with the
possible formation of red oil
compounds were considered
in the safety analyses of the
evaporation-concentration
units. The measures taken,
based on the knowledge
and operating experience
feedback available at
the time, were to keep
the temperature of the
evaporator walls below
135°C and to maintain very
low concentrations of solvent
in the solutions fed to the
evaporators, mainly by means
of diluent scrubbing.
According to the operator,
the supply to the evaporators
affected by the risks
associated with red oils is

managed so as to prevent
decanted (or dissolved)
solvent being sent into the
evaporators. A programme
of tests of the TBP content
of the aqueous or organic
solutions is carried out
periodically in the process
equipment. In addition,
solvent flushing is carried
out at least once a year
upstream of the evaporators
to eliminate any solvent
accumulations.
However, the analysis of
feedback from the accident
in 1993 at Tomsk in Russia
showed that thermal
runaway could start at
temperatures below 135°C.
An experimental programme
run jointly by AREVA, IRSN
and CEA is under way
with the aim of increasing
knowledge of the behaviour
of the organic phases (TBP/
HTP) in contact with aqueous
solutions of nitric acid, under

the operating conditions
in the evaporation units at
plants UP3-A and UP2-800.
Following the examination of
the periodic safety review file
for plant UP3-A by IRSN, the
conclusions of which were
presented at the meeting
of the Advisory Committee
for Laboratories and Plants
on 18 March, 2015, AREVA
agreed to supplement
the research on the risks
associated with red oils in
INB 116 within the next three
years, taking account of the
results of the experimental
programme running at
present.
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Figure 3.13

Visual indicators introduced for the
drums of TBP and HTP

Analysis of the causes
of the event and
corrective action
On 15 May, 2014, the worker
took four drums of TBP, which
he thought were drums of HTP,
from the BC-UP3 delivery area.
According to AREVA, when the
worker read the drum labels he
confused the letters "PH" in the
word "tributyl phosphate" (TBP)
with those in TPH (the French
version of the abbreviation HTP).

Drums of TBP and
HTP are identical in
appearance (shape,
material and colour)
and are delivered to
the same area of the
installation.

To prevent the
switching of these
drums when the HTP
and TBP tanks are
filled, a system of
visual indicators is
applied to the HTP
and TBP drums when
they are delivered.
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Drums of TBP and HTP are
identical in appearance (shape,
material and colour) and are
delivered to the same area of
the installation.
Furthermore, the installation
does not have any technical
measures in place to prevent
operators from discharging TBP
drums into the HTP tank and vice
versa.
The existing monitoring measures (notably periodic analyses of
the solutions) did not detect this
error between 15 and 20 May,
2014, because the weekly sampling to measure TBP content in
the HTP solution was not carried out within the time period
concerned and the "new" HTP is
only checked when it is received
at the central store and not in the
HTP supply tanks.
Once the event had been discovered, the units concerned
in facilities T2, T3 and T4 were
shut down and the evaporators

were drained and refilled with
nitric acid. In order to avoid a
recurrence of the event, the plant
operator introduced the following
measures:
››To prevent the transposition of
drums when filling the HTP and
TBP tanks, a system of visual
indicators was introduced for
the HTP and TBP drums when
they arrive at building BC-UP3.
Labels bearing the names of
the product concerned, of
different colours according
to product, are now affixed to
the drums of HTP and TBP.
The colour code has also
been applied to the tanks
concerned at the discharging
station (Figure 3.13) so that
the operator can check that
the drum is of the correct type
during discharging operations;
››Having examined different
options, the operator decided
to introduce systematic checks
of the TBP content of the HTP
in the HTP supply tank in facility T3 before every transfer to
the downstream process units,
and permission to make the
transfer will only be given once
the analysis results have been
received;
››The programme of analyses
used to check the effectiveness of the scrubbing with
a diluent in facility T3 was
modified to detect changes in
TBP content more quickly in
the organic and aqueous
phases of the "liquid-liquid"
extraction units.

Lessons learned
by IRSN
The detailed analysis of this
event prompted IRSN to highlight the importance of checking
that no solvents are present in
significant concentrations in the
aqueous solutions going into the
evaporators, in view of the explosion risks linked to red oils.
Although TBP content is properly
monitored at the outlet from the
scrubbing equipment in facility
T3, a similar analysis is not performed systematically on all the
flows of aqueous solution entering the evaporators in the various
facilities affected by the red oils
risk: a measurement is taken only
in the organic phase, but this is
not sufficiently precise.
Furthermore, the analyses of
samples taken from the tanks
supplying the evaporators as
part of the process controls, do
not test for the solvent content
of those solutions.
IRSN therefore recommended
that the TBP content in the
aqueous phase should be
tested, either in all the flows
to the evaporators previously
in contact with the solvent,
or in the tanks feeding the
evaporators.
AREVA only took the feedback
on board for the HTP supply in
facility T3 and did not extend it
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1
2
more generally to the tanks into
which the reagent supplying the
process was discharged.
IRSN therefore recommended,
for chemical reagents other
than TBP and HTP, that AREVA
analyse the risks of discharging the wrong solution into
the process supply tanks, add
further measures where necessary to avoid discharging
errors, and ensure sufficient
checks are carried out to
detect any non-conformity of
the reagent prior to its transfer
to the process units.

3
by carrying out sufficient
checks to detect any non-conformity of the products being
transferred before the transfer
actually takes place.

4

IRSN believes that the risk of
accidental contact between
chemicals likely to react violently with one another exists
at many INBs.
In some cases this could cause
a fire or explosion. For example, a fire could be started by
contact between nitric acid
and an organic material (particularly the cellulose in the
cloths used during decontamination), a phenomenon that
has already been witnessed
in drums of waste; and an
explosion could be caused by
a mixture in an effluent tank
of concentrated hydrogen peroxide and an organic material
(e.g. a lubricant) as a result of
poor fluid transfer procedures.
These risks are known to
the licensees concerned;
the accidents that occur are
usually the result of organisational failures (inadequate
identification of substances,
non-existent, inadequate or
ignored fluid transfer procedures, a lack of checks, human
error, etc.).
The feedback from the event
on 15 May, 2014 confirms the
priority licensees should give
to analysing the risks of mixing incompatible products,
particularly during transfers
of chemical reagents, and to
introducing measures to prevent those risks, particularly
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Cross-functional subjects
Safety reassessment of plant UP3-A
at the AREVA NC La Hague site
Safety reassessment of the MELOX plant
Safety reassessment of the solid waste treatment
station at CEA/Cadarache
Safety reassessment of the Phenix plant

In France, construction and operating licences
for basic nuclear installations (INBs) other than
pressurised water reactors (PWRs) are issued without
an expiry date. By law (the Environment Code) a
periodic safety review of these installations must
be carried out every ten years and, following the
examination by IRSN of the report submitted by the
plant operator, ASN may issue new requirements for
the continued operation of the installation concerned.
The purpose of a periodic safety review is to assess the
INB's compliance with the rules applicable to it and
to reassess its safety taking account, on the one hand,
of new knowledge and regulations and current safety
and radiation protection practices and, on the other, of
feedback from its own operation (dosimetry, effluents,
waste, anomalies, incidents, etc.) and the operation of
other installations in France and abroad. The licensee
sends ASN a report presenting the conclusions of
its periodic safety review and, where necessary, the
measures it intends to take to correct any problems
identified and improve the safety of the installation.
This chapter presents a summary and the main lessons
learned from IRSN's assessments in 2013 and 2014 of
four periodic safety review files for INBs other than
pressurised water reactors.
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1

Safety reassessment of plant UP3-A
at the AREVA NC La Hague site

2
3
4

IRSN's examination of the first periodic safety review file for plant UP3-A at the AREVA NC
La Hague site took a thematic approach based on the main topics covered by the file (review
procedure, operating feedback, internal transport operations, compliance/ageing and
maintenance, updating of the safety analyses). This approach, which was chosen because of
the size of the plant and the diversity of operations carried out there, is a particular feature
of this periodic safety review.
Background

T

© J.M. TAILLAT/AREVA

he main function
of plant UP3-A
(INB 116) at the
AREVA NC La
Hague site (Figure
4.1) is to process
irradiated fuel assemblies and
nuclear materials. It has around
fifteen facilities for receiving, storing (Figure 4.2) and processing
irradiated fuel assemblies and
for conditioning the materials
extracted from them (uranium

Figure 4.1

© J.M. TAILLAT/AREVA

Aerial view of the AREVA NC La Hague site

Figure 4.2

View of one of the spent fuel storage pools
at the La Hague site

and plutonium) and the processing waste.
The facilities in plant UP3-A were
commissioned gradually between
1986 and 2013; there are around
fifty buildings in total containing
some 4,500 rooms or cells, 1,900
of which are "high- or very highlevel radiological areas”. Many
mechanical and chemical processes are used there.
The processed materials and the
waste generated are transferred
between the different facilities and

1 FOCUS
Periodic safety reviews
The Nuclear Security and Transparency Act of 13 June,
2006 provides that "the licensee of a basic nuclear
installation will perform regular safety reviews of the facility
while taking the best international practices into account...
The periodic safety reviews will take place every ten years1.
However, the licence may set a different frequency where
this is justified by the nature of the installation."
The periodic safety review
file has two main parts:
›› an examination of the
facility’s compliance with
its safety documentation:
this aims to ensure that
any changes to the
facility or to operating
conditions, primarily
due to modifications,
obsolescence or
ageing of equipment
or buildings, together
with any changes to the
environment, comply with
the safety demonstration
set out in the design and
operating documents;
›› a reassessment of safety
at the facility in light of
operating feedback and,
if applicable, available

knowledge and the latest
regulations and practices
brought into effect relative
to safety and radiation
protection.
As part of its role of
providing technical support
to ASN, IRSN assesses the
periodic safety review files
for INBs submitted by their
licensees.
In the last ten years, IRSN
has examined more than
fifteen periodic safety review
files concerning INBs other
than PWRs.
* The safety documentation of an INB
consists of its licence, safety report,
general operating rules, permits issued
by ASN, waste report, on-site emergency
plan and discharge permits.

1. The principle of a safety review every ten years
for INBs has since been incorporated in law in M
Article L.593-18 of the Environment Code.
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Figure 4.3

© P. LESAGE/AREVA

Remote manipulators
in the AD2
decontamination
facility in plant
UP3-A

The initial evaluation of
the methods used by the
plant operator for the
periodic safety review of
INB 116 identified gaps,
particularly concerning
the compliance review
and the verification of
ageing management.

2. The term "package" refers to the entity
formed by the radioactive materials being
carried and the packaging used to contain
them while they are being carried.
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INBs on the La Hague site; some
of these transfers are carried out
using internal transport systems
specific to the establishment.
In April 2010, AREVA NC sent
ASN a periodic safety review
file for plant UP3-A (Figure 4.3);
this was the first safety periodic
review of the plant since it was
commissioned.
Because of the size of INB 116
and the diversity of operations
performed there, IRSN examined the periodic safety review file
thematically based on the main
topics covered by the file (review
procedure, feedback, internal
transport operations, conformity/
ageing and maintenance, updating of the safety analyses).
The examination of the file was
carried out between mid-2012

and the start of 2015. It led to
six meetings of the Advisory
Committee for Laboratories and
Plants (GPU), where necessary
in combination with the Advisory
Committee for Transport (GPT).
During these meetings IRSN
presented the conclusions of its
thematic examination.
Main lessons
learned from
IRSN's evaluation
The initial evaluation of the methods used by the plant operator
for the periodic safety review
of INB 116 identified shortcomings, particularly concerning the
compliance review and the verification of ageing management.
This prompted the plant operator

What kind of radioactive waste is carried by the Hermès-Mercure
and Navette transport systems?
Internal transport on the
AREVA NC La Hague site
mainly concerns process
waste and technological
waste. The Hermès-Mercure
transport systems carry
structural waste (pieces
of fuel cladding and fuel
assembly end pieces) before
they are compacted; the
Navette transport systems
(Figure 4.4) carry vitrified
waste and compacted waste
between the facilities where
it is produced and stored
and the facilities used to
prepare it for return to the
customers.

© P. LESAGE/AREVA

Because of the size
of INB 116 and the
diversity of the
operations performed
there, IRSN examined
the periodic safety
review file for this INB
thematically based on
the main topics covered
by the file.

Figure 4.4

Navette shuttle for carrying vitrified waste

to add further documents to the
periodic safety review file, and
these were taken into account in
the IRSN's examination.
The operating feedback produced by the plant operator led to
the conclusion that the processes
and safety measures defined in the
safety documentation for INB 116
were functioning in a generally satisfactory manner.
However, IRSN felt that the
plant operator should expand
the periodic safety review and
analysis process it uses for
operating feedback and should
better formalise this process.
On the one hand this conclusion
concerned the processes, the
modifications to them and the
improvements envisaged in view
of technological developments,
and on the other it concerned
measures to manage risk (feedback from events at INB 116,
feedback from exercises – switch
to safeguard mode, fire, etc. –
involving the INB, and feedback
from other facilities engaged in
similar activities).
Specifically, IRSN's appraisal of
internal transport operations
concerned five transport systems including the Navette and
Hermès-Mercure systems used
at the AREVA NC La Hague site
to carry process waste. The
assessment showed in particular
that the packages2 being used did
not meet all the expected safety
requirements for the carriage of
radioactive materials on the site.
In particular, the plant operator
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1
In IRSN's view, safe
carriage should rely first
and foremost on package
design.
had not demonstrated sufficiently
that the package design took
account of all the incident and
accident scenarios (impact, fire,
etc.) that could be envisaged on
the site or of operating feedback
from events such as a vehicle
carrying waste crashing into
the wall of a lorry loading bay
in 2010.
IRSN felt that the compensatory organisational measures
(reserved lanes, speed limits,
etc.) taken by the plant operator
in the past few years to reduce
the risks associated with internal
transport operations were not
enough on their own to guarantee the safety level required
for the packages. In IRSN's
view, safe carriage should rely
first and foremost on package design. The plant operator
agreed to take steps to improve
the safety of internal transport on
this basis.
The approach taken by the plant
operator to the compliance
review and the verification of
ageing management enabled

The compliance review identified much more
serious corrosion than anticipated in the design
phase in evaporators used for the concentration
of fission product solutions.

lessons to be learned about
the condition of buildings and
equipment and allowed improvement plans to be drawn up (e.g.
replacement of the anchor plates
of power supply equipment,
which had deteriorated over time).
In IRSN's view the work done was
generally satisfactory but, as far
as the method was concerned,
the plant operator could still
improve its justification of how
representative the examined
"control" equipment was by
making sure that it covered all
the equipment involved in the
safety demonstration.
IRSN's assessment of the periodic safety review of INB 116
drew the conclusion that the
measures taken to manage risk
generally seemed satisfactory,
with a few improvements.
According to IRSN, two main
areas of improvement would
need to be addressed in the
next few years:
›› markedly worse corrosion
than anticipated during the
design phase in the evapo-

rators used for concentrating fission product solutions
(FP evaporators – Figure 4.5),
detected during the compliance review: taking account
of the potential consequences
of holes developing in the
evaporators, which could lead
to the spread of radiotoxic and
irradiating materials, the plant
operator agreed to monitor their
thickness on an annual basis
and to expand its demonstration of the management of the
consequences of a hole developing in an evaporator;
›› the analysis of fire risks, which
did not cover all the equipment needed to maintain the
safety functions and in particular did not demonstrate
sufficiently that a fire would
not lead to the loss of a safety
function due to the simultaneous failure of the equipment
fulfilling that function (e.g.
loss of the pump in a circuit and loss of the second
pump provided in case the
first failed – Figure 4.6). So
in IRSN's opinion, evidence

2
3
4

What was the "transport"
event that took place in
February 2010 at the
AREVA NC La Hague site?
On 10 February, 2010 at the
AREVA NC La Hague site,
an empty transport vehicle
(weighing around 30 tonnes)
positioning itself in a lorry
loading bay in the NPH
facility (plant UP2-800) ready
for the loading of vitrified
waste containers, crashed
into the wall at the back of
the loading bay. The impact
created a hole measuring
around 3 m by 2 m in the
wall separating the loading
bay from the adjacent
room classed as part of a
controlled zone.

Figure 4.5
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FP evaporator in facility T2 of plant UP3-A

What approach did the operator of INB 116 take to the compliance
review and verification of ageing management?
Most notably, the plant
operator carried out a
detailed examination of
certain "control" equipment,
which it considers
representative of certain
equipment families. This
equipment was selected so
as to cover all the safety
requirements and all
technological families of
equipment (e.g. pumps,
circuits, boosters, sensors
and electrical equipment,
etc.), operating conditions
and damage mechanisms
identified.

of standards and practices.
In this context, compliance
with the requirements defined
for the design, maintenance,
monitoring, periodic
inspection and procurement
of the equipment was
examined. Management of the
ageing of the equipment and
the results of the compliance
review were analysed and,
where necessary, action
plans were drawn up for the
equipment concerned and,
if the failure was generic,
for other equipment in the
same family.

The examination of each
of these items of "control"
equipment involved a survey
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Figure 4.6

Example of backup equipment: the pumps in the coolant circuits
of the fission product tanks

to justify the approach and
criteria used to define the
fire protection measures still
needs to be provided by the
plant operator. and the demonstration that the fire risks
have been controlled needs
to be expanded.
To conclude, based on the results
of the periodic safety review as
presented in the plant operator's
original file, significant improvements have been made to the
action plan drawn up by the plant
operator in 2010 to improve the
safety of plant UP3-A. These
improvements take account of
discussions held partly in the context of the examination of the file
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and partly during the six Advisory
Group meetings. Notably those
meetings concluded with ASN
placing particular requirements on
AREVA NC. Most of the commitments made by the plant operator
during the examination of the file,
to make up for the shortcomings
and inadequacies of its original
safety review file, have already
been acted upon, but there is still
a great deal of work to do to fulfil
all the commitments made, and
IRSN will be monitoring this in
the coming years.
Ultimately IRSN took the view
that the periodic safety review
did not prompt doubts about
whether INB 116 could remain

in operation until its next periodic safety review, provided
that the commitments made
by the operator and specific
requests made as a result of
IRSN's evaluation were acted
upon. IRSN also noted that the
forthcoming periodic safety review
of plant UP2-800 (INB 117), for
which the plant operator should
be sending a report to ASN at the
end of 2015, ought to benefit from
the feedback from the periodic
safety review of plant UP3-A.
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Safety reassessment of the MELOX plant

2
3

The evaluation of the first periodic safety review file for the MELOX plant by IRSN
particularly concerned feedback from the operation of the plant. The changes expected in
the next ten years in the production stages and process, materials used, products made and
their conditioning, were also considered, particularly as part of the periodic safety review
of the plant.
© C. LARRAYADIEU/AREVA

Background

T

he MELOX plant
(INB 151) is used
to fabricate fuel
assemblies (Figure
4.7) using a mixture of uranium
oxide and plutonium oxide (MOX
fuels for PWRs).
The plant, for which the construction licence was granted
in May 1990 and which started
up in 1995, was the subject of a
safety evaluation in 2000 so that,
in accordance with regulations,
permission could be given for
its entry into service. Permission
was subsequently given for two
increases in its production capacity, in 2003 and 2007. Major
changes are expected in the next
ten years to improve the plant's
flexibility and adapt it to changes
in the fuels to be produced.

© C. LARRAYADIEU/AREVA

In May 2013 IRSN presented the
conclusions of its evaluation of
the periodic safety review file for
the MELOX plant to the Advisory
Committee for Laboratories and
Plants (GPU) within ASN.

Figure 4.7

View of a MOX fuel assembly

Main lessons
learned from
IRSN's evaluation
The examination of feedback
from the operation of the MELOX
plant showed that there was good
control of risks by the plant operator and that effluent discharges
into the environment under normal
operating conditions were low.
However, IRSN identified three
areas for improvement:
›› optimisation of workplace radiation protection, which should

continue in order to limit the
increase in workers' exposure
to ionising radiation as a result
of an increase in the tonnage
produced and a change in the
radiological characteristics of
the materials used;
›› reduction of the number of
failures of the first containment
barrier, which consists chiefly of
glove boxes (Figure 4.8), even
though this has been falling
since 2006 and the number of
cases that have led to a committed dose remains small:
IRSN believes that specific
monitoring and analysis of each
event of this type should be carried out by the operator;
›› prevention of criticality risks for
which, following a large number of significant events, the
plant operator has introduced
a specific improvement plan:
according to IRSN, prevention
of these risks should be reinforced, particularly as regards
more reliable monitoring of
the masses of fissile material
at the plant, performed using
computer systems.

4

The examination of
the feedback from
the operation of the
MELOX plant showed
that the optimisation
of worker exposure to
ionising radiation and
the improvement of
criticality risk prevention
should continue.

Figure 4.8

Workstations and
glove boxes in the
MELOX plant
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The checks
carried out by
the operator for
the compliance
review provide a
good overview of
the current state
of the INB and
identify a small
number of noncompliances.

For the compliance review, the
plant operator relied especially
on in-service checks and checks
performed specifically for the
review, which provide a good
overview of the current state
of the INB and identify a small
number of non-compliances.
IRSN highlighted in particular the high standard of the
compliance review covering all
the measures to control criticality risks, particularly the systems used for monitoring fissile
materials and the evaluation of
uncertainties about the mass of
fissile material left in the workplace. Concerning the condition
of reinforced concrete structures,
major monitoring work had been
undertaken, which had notably
prompted the plant operator to
carry out repairs or introduce
monitoring of local damage.
The periodic safety review had
enabled the plant operator to
identify and define many improvements to its risk control. In addition to this action plan, AREVA NC
made a number of commitments
in the wake of IRSN's examination of the review file. IRSN
believes that, particularly with
the prospect of the changes

to come in the next ten years,
it is important that the plant
operator continues optimising
the radiation protection of its
workers by improving personal
protection, especially of the
extremities (hands), and collective protection (radiation protection shields, etc.), alongside
its improvements to reduce the
risks of containment failure.
In conclusion, from its evaluation of the periodic safety
review file, IRSN felt that the
operator was managing the
risks and drawbacks (effluent discharges, waste management, etc.) of operating
the MELOX plant correctly.
However, it felt that the operator should present its strategy
to control exposure to ionising
radiation in the workplace to
take account of the changes
in the materials being handled
(tonnage, plutonium content
and isotopic composition of
the plutonium).
On the basis of the results of
this evaluation, the operator
made a significant number of
commitments to improve the
safety of the plant and, in addition, the Advisory Committee

for Laboratories and Plants
(GPU) made two recommendations concerning criticality
accident detection and the
control of fire risk.
At the end of this process, ASN
granted permission by means
of decision 2014-DC-0440 of
15 July 2014 for the operation
of INB 151 to continue, with 13
requirements related to:
›› optimisation of the doses
received by personnel at the
MELOX plant;
›› the introduction of a system
for anticipating and preventing dose objectives from
being exceeded, consistent
with operational dosimetric
monitoring;
›› fire prevention and protection;
›› improvement of the detection
of sources of slow-kinetics
criticality accidents;
›› the updating of the criticality
risk analysis;
›› environmental monitoring;
›› monitoring of contractors.

What did the compliance review of the MELOX plant involve?
As part of the compliance
review, the MELOX plant
operator checked the
compliance of the plant with
the design requirements
and with the operating
practices set out in the safety
documentation applicable to
the plant. The review method
is based on an examination of
the safety-related equipment*
and compliance with the safety
requirements associated with
that equipment.
For each piece of equipment,
the operator analysed potential
ageing and obsolescence
phenomena, taking account of
any modifications made to the
equipment or to its operating
conditions. Where appropriate,
the adequacy of its maintenance

programme was also examined.
The review concerned the
following equipment:
• equipment involved in the
confinement of materials
(buildings, walls of rooms,
doors, etc.): in particular the
operator did a significant
amount of work checking
the physical state of the
reinforced concrete structures
in 220 rooms of production
buildings and 60 rooms in
the building used for treating
waste and fabrication scrap;
• mechanical equipment classed
as safety-related, contributing
to the safety-related functions*
of confinement of radioactive
materials, prevention of
criticality risks and limitation
of exposure to ionising
radiation;

• ventilation equipment and
cooling systems involved
in static and dynamic
confinement safety functions
and in heat removal;
• electrical and I&C equipment
classed as safety-related,
involved in the safety
functions of confinement of
radioactive materials and
limitation of exposure to
ionising radiation;
• equipment and measures
involved in controlling
criticality risks and managing
the characteristics of the
materials entering the facility
and the products used
there, and the systems for
identifying containers.
Concerning operating practices,
the operator checked that
there was exhaustive coverage

of the safety requirements in
the operating documents and
that these requirements were
properly managed on site.
The analysis of organisational
and human factor risks for
'sensitive activities' and the
analysis carried out as part
of the project to improve
criticality risk prevention, the
aim of which is to improve the
robustness of practices and
the reliability of equipment
involved in preventing
criticality risks within the
framework of the applicable
safety documentation, also
enabled the operator to propose
areas for improvement.

* The concept of safety-related equipment has been replaced by the concept of "elements important for protection" (EIP) – see Title 2, Chapter V of M the order of 7 February, 2012.
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Safety reassessment of the solid waste
treatment station at CEA/Cadarache

2
3
4

IRSN's evaluation of the periodic safety review file for the solid waste treatment station at INB 37
took account of CEA's planned renovation of the facility to enable it to continue operating and
improve the mechanical behaviour of the facility's structures if an earthquake should occur.

Background

T

he solid waste
treatment station
at INB 373, operated by CEA at the
Cadarache site, is
used to compact
and condition solid intermediate
level long-lived radioactive waste
(ILW-LL) coming from various
producers (the CEA Cadarache
site, the CEA Fontenay-auxRoses site, etc.), with a view to
its storage at the CEDRA facility, also operated by CEA on
the Cadarache site, pending the
construction of a future geological
repository.
The periodic safety review file
for the station was submitted by
the operator in 2012.
Because of the inadequacies of
the current facility, particularly for
withstanding an earthquake, and
in order to be able to continue
operating it in the long term, CEA
is planning to renovate the facility. The renovation work includes
strengthening the structural components, removing equipment
that has been shut down, and
refitting the buildings.

However, IRSN emphasised the
importance of the test, control
and maintenance measures necessary to ensure the continued
qualification of safety-related elements, and this means that CEA
will have to be particularly vigilant
when it comes to the requalification of equipment following the
planned renovations.
According to IRSN, CEA must
ensure that the periodic inspections and tests performed will
verify that the tested elements
or systems meet the safety
requirements.
The inspections carried out by
CEA in the context of the compliance review provided an
adequate picture of the current
state of INB 37. The extra visual
inspections planned as part of the
future drafting of the preliminary
safety report on the renovated
station should complement this

review, particularly as regards the
behaviour of the building's metal
framework. As far as the identified deviations are concerned, an
action plan has been drawn up to
bring the facility back into compliance, together with commitments
made by CEA in the wake of the
examination process.
During the examination of the
periodic safety review, IRSN
emphasised that a dominant
factor in the safety demonstration, particularly concerning
the risks of fire, explosion and
criticality, was the conformity of
waste to the facility's acceptance
specifications.
IRSN noted that compliance
with some of the restrictions or
prohibitions set out in the waste
acceptance specification, linked
to preventing the risk of explosion,
was not checked when the waste
arrived at the facility. In particular,

What measures have been taken to check that waste is compliant
with the acceptance specification when it is received
at the solid waste treatment station at INB 37?
The compliance of waste to the acceptance specification relies
mainly on X-ray checks (Figure 4.9) carried out when packages
of low-level waste are received and during inspection visits to the
waste producers, backed up by the role of the waste officer who is
responsible for the application of the waste management guidelines.

IRSN examined the file and
presented its conclusions to
the Advisory Committee for
Laboratories and Plants (GPU)
in 2014.

What did the periodic safety
review file for the solid waste
treatment station at INB 37
contain?
The periodic safety review
file for the INB 37 solid waste
treatment station includes
engineering reports concerning
the compliance review of
the facility, engineering
reports related to the safety
reassessment of the facility,
and details of the safety options
chosen for the renovation of
the facility to prolong its life.
Based on the conclusions of
the compliance review and
safety reassessment, CEA
also submitted an action plan
for correcting the deviations
identified.

The periodic safety review
file for the solid waste
treatment station operated
by CEA on the Cadarache
site was submitted by the
operator with a view to
obtaining permission to
continue operating the
facility.

The examination of the feedback from the operation of the
INB showed that the measures
set out in the safety documentation (alarms, individual observations while on duty, scheduled
checks, etc.) are effective in that
they would detect the majority of
events occurring at the facility.

© CEA/DR

Main lessons
learned from
IRSN's evaluation

Figure 4.9

Low-level waste packages arriving at the solid waste treatment station at INB 37 (left)
and associated X-ray measuring equipment (right)

3. INB 37 at CEA Cadarache has a
solid waste treatment station and a
liquid waste treatment station, which
is currently shut down.
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IRSN concluded that
the operator should
introduce as quickly
as possible a better
strategy for checking
the drums of waste
received in view of the
explosion risk.

the following two points were
identified:
›› concerning aluminium waste
in waste packages, operating
feedback shows that hydrogen is released when the mortar used to hold the waste in
place is injected into the packages, and this could produce
an explosive atmosphere.
This phenomenon has been
encountered at other facilities,
particularly CEA's solid waste
conditioning facility at Marcoule
(eight incidents between 1998
and 2010 where the alarm of
the explosimeter checking the
atmosphere around the press
had been triggered when drums
were being compacted). The
main measure relied upon by
the operator to prevent this
phenomenon was the setting
of a limit for aluminium surface
area in the waste acceptance
specification;
›› concerning packages containing zinc shavings, operating
feedback shows that these also
release hydrogen. An event at
AREVA's waste treatment station at Pierrelatte in June 2012

caused the lid of a waste drum
to be ejected due to the production of hydrogen. This event
was due to the presence in the
drum of zinc paint dust from
shot blasting. Because of this
hydrogen formation risk, the
waste acceptance specification
at the station of INB 37 stipulates that manganese, zinc and
uranium shavings are prohibited
materials.
IRSN also noted that the reception
of waste at the INB 37 solid waste
treatment station was authorised
chiefly on the basis of the tracking sheet and the description of
the drums written by the waste
producer.
IRSN concluded that CEA
should introduce as quickly as
possible a better strategy for
checking the drums in view of
the explosion risk, linked particularly to the presence of aluminium and zinc.
Furthermore, IRSN examined
the bounding nature of the fire
scenarios used by the operator

What were the fire durations observed for an electrical cabinet
and a forklift truck during the fire testing carried out by IRSN?

Before ignition

After ignition

During the fire

After the fire (inside)

© IRSN/DR

During fire testing carried out by IRSN, the total observed duration of the fires was:
• between 30 minutes and more than 2 hours for electrical cabinets (Figure 4.10);
• around 45 minutes for forklift trucks (Figure 4.11).

Figure 4.10

© EFFECTIS/IRSN

Fire testing an electrical cabinet

Figure 4.11

Fire testing a forklift truck
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to study the fire resistance of the
structures of buildings acting as
the final containment barrier.
The scenarios consider different types of fire and different fire
duration periods associated with
them, linked in particular to the
presence of electrical cabinets
(Figure 4.10) and forklift trucks
(Figure 4.11) used for handling
operations within the facility.
IRSN felt that the fire durations
used by the plant operator were
not sufficiently "bounding" of the
durations observed during the fire
testing of equipment that it had
carried out.
It therefore concluded that
CEA should check within one
year that the fire resistance of
the facility was guaranteed for
longer fire durations than those
it had considered representative of a fire in an electrical cabinet or involving a forklift truck.
In conclusion, IRSN considered that the safety measures
taken by the operator and the
action plan submitted as part
of the periodic safety review,
incorporating compensatory
measures for operating the
facility pending the entry into
service of the renovated solid
waste treatment station, were
generally acceptable subject to
fulfilment of the commitments
made by the operator concerning the implementation of that
action plan.
IRSN also concluded that the
safety options chosen by CEA
for the renovated INB should
significantly improve the safety
of the operations carried out
there.
On that basis, the GPU agreed
that the solid waste treatment
station could keep operating
for a limited period of time
pending its renovation; it recommended that CEA should
do everything possible to keep
within the stated timeframes for
improvement.

Safety at civil basic nuclear installations other than France's nuclear power plants
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1

Safety reassessment of the Phenix plant

2
3

The periodic safety review of the Phenix plant was conducted by the operator in an unusual
context in that it was carried out with the prospect in mind of the future final shutdown and
decommissioning of the plant, for which the operator was submitting a licence application
in parallel. IRSN examined both files jointly and presented its assessment report during a
meeting of the Advisory Committee for Laboratories and Plants (GPU), attended by members
of three other advisory committees.

T

© CEA/PHENIX

Background

4

he
construction
licence for the Phenix
plant (INB 71 - Figure
4.12) was issued
on 31 December,
1969 and the plant,
operated by CEA on the Marcoule
site, was coupled to the electricity transmission grid in 1973. It
stopped producing electricity
for good in March 2009. The
'critical' operation of the reactor
continued spasmodically until
1 February, 2010 for end-of-life

Figure 4.12

Aerial view of
the Phenix plant,
definitively shut
down in 2010.

1 FOCUS
Stages in the decommissioning of the Phenix plant
This final state will be reached
at the end of the following main
stages:
›› preparation for the final
shutdown of the plant
(OPMAD): this stage, begun
in 2010, will continue after
the final shutdown and
decommissioning licence
has been granted; it consists
mainly of unloading and
removing the fuel elements
from the reactor and
the reactor's removable
components (Figure 4.13);
›› treatment of the sodium,
consisting mainly of the
following operations:
purification of the sodium
from the reactor coolant
system by trapping the
caesium from the operation
of the reactor, hydrolysis
of the sodium in the
future NOAH facility and
chemical neutralisation of
the caustic soda produced
in a dedicated facility

(future INES facility), with
the neutralised effluent
being discharged, following
checks, into the Rhone;
scrubbing of the sodiumbearing objects in a future
scrubbing system known
as ELA;
storage of the

© CEA/PHENIX

CEA chose to pursue an
immediate dismantling strategy
for the Phenix plant, basing
its decision on feedback from
similar dismantling projects
carried out recently in France
and abroad. Choosing this
strategy means that CEA can
benefit from the experience of
the operating personnel still
present. IRSN emphasised
the important work done
in this regard by CEA to
make the transition between
the operational phase and
the final shutdown and
decommissioning phases of
the plant a success.
The dismantling strategy of
a facility aims to achieve a
predefined final state; the
final state that CEA is aiming
at for the Phenix plant once
dismantling is complete
includes the preservation of the
five main buildings*, emptied of
the infrastructure, systems and
equipment that they house.

sodium-bearing waste in
the future EROS storage
facilities;
›› dismantling of the reactor
block structures, including
operations to treat the
residual sodium.
Once all these operations are
complete, which is expected to
be by 2045, the infrastructure
of the NOAH and ELA facilities
set up within the perimeter of
INB 71 for decommissioning
requirements outside the
existing buildings, will
themselves be dismantled.
Once the cleanup is finished,
CEA can apply for permission
to strike INB 71 off the list of
basic nuclear installations.
* These are the reactor building, the handling
building, the ancillary buildings, the steam
generator building and the building used for
the electricity production installation.

Figure 4.13

OPMAD: the unloading of a large
removable component from the reactor
block of the Phenix reactor.
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IRSN examined the
final shutdown and
decommissioning
licence application
and the periodic safety
review report for the
Phenix plant jointly.

CEA's action plan
combined with
the periodic safety
review need to
be supplemented,
particularly in
order to complete the
compliance review of
the Phenix plant.

tests, in response to research
requirements.
From 2010 CEA began the initial
preparations for the final shutdown
of the plant.
In 2011 and 2012 the operator
submitted the final shutdown and
decommissioning licence application and the periodic safety review
report for the Phenix plant, having
brought forward the date of the
review4, which was performed
with the prospect in mind of the
dismantling of the plant:
›› the final shutdown and decommissioning licence application
(MAD-DEM includes a final
shutdown and decommissioning
safety report, the general surveillance and maintenance rules,
the on-site emergency plan, and
a study of the impact of definitive
shutdown and decommissioning on the population and the
environment;
›› the periodic safety review report
includes an examination of the

facility's compliance with its
safety documentation and with
the requirements applicable to
it, taking account of the shutdown of the reactor and the
forthcoming decommissioning
process, and a safety reassessment of the facility in the light
of current safety standards and
regulations; it also includes an
analysis of the feedback from
events that have occurred at
the facility, and an action plan
for improvements based on
the conclusions of the safety
reassessment.
IRSN examined these two files
jointly and in November 2014
presented its assessment report
to the GPU and to members
of the advisory committees for
waste (GPD), for reactors (GPR)
and for the radiation protection of
workers (other than health professionals), the public and the
environment (GPRADE).

What is a final shutdown and decommissioning
(MAD-DEM) licence application?
A final shutdown and decommissioning licence application consists
of a number of documents (safety analysis, impact assessment,
etc.). The purpose of these documents is to show that the technical,
organisational and human measures chosen for the future MADDEM operations will, according to current knowledge, achieve the
lowest level of risks and drawbacks possible under economically
acceptable conditions. In the case of the Phenix plant, in addition to
the issues usually involved in this type of decommissioning operation
(radiation protection of workers, the public and the environment,
risks of dispersion of dangerous substances during dismantling,
fire risks, etc.), decommissioning will also require the treatment of a
large quantity of sodium.

What is the compliance review for the lifting and handling
equipment at the Phenix plant?
The compliance review programme for lifting and handling
equipment defined by CEA aims in particular to check:
➔ the condition of welds;
➔ the condition of tracks;
➔ the secure fastening of bolted assemblies.

4. The regulatory deadline for CEA
to submit its periodic safety review
report for the Phenix plant was
November 2017.

5. OPMADs are performed within
the framework of the construction
licence for the Phenix plant and the
associated safety documentation.
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This review, carried out in addition to the regulatory checks
applicable to handling systems and equipment, was used to check the
structural elements of bridges (welds, connecting parts, rails, beams).
It covered handling equipment that includes safety-related
equipment (brakes, instrumentation, devices restricting the
movement of the lifting apparatus and the load, winches) that will
be used at the plant both for operations associated with the current
operation of the plant (preparations for final shutdown) and for
the final shutdown and decommissioning operations to be carried
out in future.

Main lessons
learned from
IRSN's evaluation
The compliance review of the
Phenix plant looked in more
detail at:
››the condition of the plant's
structural components: on this
IRSN found that CEA had not
carried out any checks of the
width of the joints between the
buildings, to make sure that
there would be no interaction
between them in the event of an
earthquake; similarly the heads
of the prestressing tendons,
which between them support
the façade panels and the reactor building columns, had not
been checked. IRSN also felt
that the action plan drawn up
by the operator to correct these
deficiencies should be carried
out within a shorter time scale;
››the lifting and handling equipment which will continue to be
used during the preparations
for the final shutdown and
decommissioning the plant
under similar conditions to
those in existence when the
Phenix plant was in operation:
the compliance review concluded that this equipment was
in good general condition and
that there were no particular
signs of ageing, and identified
corrective action that could be
taken, notably concerning the
fixings of the tracks.
Following the examination of the
periodic safety review file, IRSN
concluded that the technical and
organisational measures already
taken by CEA were generally
appropriate for controlling the
risks and drawbacks presented
by the Phenix plant both in its current configuration5 and during the
future final shutdown and decommissioning operations.
However, the examination identified safety improvements that the
CEA agreed to make, particularly
to control the fire risk and the risk
of external exposure to ionising
radiation.
As far as the aspects related more
specifically to decommissioning

Safety at civil basic nuclear installations other than France's nuclear power plants
Cross-functional subjects

1
2
are concerned, the operations
for the treatment of sodium and
sodium-bearing objects require
new facilities to be built, for which
the safety files submitted by the
operator offer variable levels of
detail and depths of analysis
reflecting the progress of the
project; this progress is linked to
varying timeframes for the entry
into service of these new facilities.
The presentation and analysis
of the operations to treat the
sodium remaining in the reactor vessel and to dismantle the
reactor block are not sufficiently
detailed at this stage for an opinion to be given about whether or
not the risk control measures are
adequate.
IRSN has therefore recommended that there should be a
"hold point" for these operations.
Before these steps in the dismantling process begin, a specific
examination should be carried out
of the chosen safety measures.
In conclusion, IRSN felt that the
action plan to improve safety
drawn up by CEA, as supplemented following IRSN's
technical examination, is
satisfactory. However, it presupposes that CEA will finish

checking the compliance of
certain equipment and structures as quickly as possible.
Furthermore, IRSN emphasised
that some treatment processes
could be further optimised, and
that CEA should consequently
review its forecasts for radioactive and chemical discharges.

3
4
The measures chosen by the operator
for managing waste and for controlling
and limiting gaseous and liquid waste
discharges linked to the sodium
treatment and decommissioning
operations, take account of feedback from
similar decommissioning projects in the
past or currently in progress.

IRSN recommended that some of
the stages necessary to achieve the
final state aimed for at the end of the
decommissioning process should be
subject to a "hold point".
What is a 'hold point' in the case of a MAD-DEM licence?
The MAD-DEM licence for an INB lays down a number of measures governing the
safety of the planned operations. Breaking the process down into stages means that,
where necessary, the start of a particular stage can be made conditional upon receiving
permission from ASN. Specifically, for the operations to be performed in the later
stages for which generally only the safety options have been defined by the operator,
a hold point enables the operator to present a more detailed version of the safety
measures chosen for that stage, taking account of the best techniques available at the
time, which may produce better safety conditions than the techniques
currently available.
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A
Accident or incident

Any unforeseen event during normal
operation that is likely to have an
impact on public security, safety and
health or on the natural environment.
An accident has potentially more
serious consequences than an incident

Activity Important for Protection
(AIP)

An Activity Important for the Protection
of interests […] is an "activity that
contributes to the technical or
organisational measures [taken by the
licensee to prevent or sufficiently limit
the risks or disadvantages presented
by the facility] or that is liable to affect
them" (see Article1.3 of the "INB
Order")

Activity

Number of spontaneous
disintegrations - or decays - occurring
in atomic nuclei per unit time. The unit
of activity is the becquerel (Bq)

ADR

European Agreement concerning the
International Carriage Of Dangerous
Goods By Road

ALARA

As Low As Reasonably Achievable

ANDRA

French National Radioactive Waste
Management Agency

APR

Air-Purifying Respirator

AREVA

Industrial group in the energy sector

Compliance gaps

BCOT

Containment

A hot unit operated by EDF at the
Tricastin site

Becquerel (Bq)

Unit of radioactivity, 1 Bq = 1
disintegration per second.
The unit is very small and
measurements often use a multiple of
the Bq such as the megabecquerel
(MBq) = 106 Bq = 1 million Bq.
The Bq replaced the curie (Ci) which
represents the activity of 1 gram of
radium; 1 Ci = 3.7×1010 disintegrations
per second, or 37 billion Bq
(or 37 billion disintegrations per second)

C
CEA

Commissariat à l’Energie Atomique
et aux Energies Alternatives (French
Alternative Energies and Atomic
Energy Commission)

CENTRACO

Centre Nucléaire de Traitement et
de Conditionnement des Déchets
Faiblement Radioactifs (Low-level
radioactive waste treatment and
conditioning centre)

CERCA

Autorité de Sûreté Nucléaire. The
French Nuclear Safety Authority for civil
nuclear activities

Compagnie pour l’Etude et la
Réalisation de Combustibles
Atomiques (Atomic fuel design and
fabrication company)

ATALANTE

CIGEO

ASN

ATelier Alpha et Laboratoires pour
ANalyses, Transuraniens et Études
de retraitement (Alpha radiation
unit and analysis laboratory for the
study of transuranic elements and
reprocessing)

B
Basic nuclear installation (INB)

An installation which, owing to its type
or the activity level of the radioactive
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materials it contains, is governed by
the Act of 13 June 2006 (or "TSN Act")
and the Order of 7 February 2012.
Such installations must be authorised
by decree following a public enquiry
and after ASN has given its opinion.
Their design, construction, operation
(when operating and when shut
down) and dismantling are subject to
regulations

Centre Industriel de Stockage
Géologique (Geological disposal
facility)

CIRES

Centre Industriel de Regroupement,
D’Entreposage et de Stockage (Waste
collection, storage and disposal facility
(formerly known as CSTFA or very lowlevel waste disposal facility))

CNRS

Centre National de la Recherche
Scientifique (French National Centre for
Scientific Research)

All the cases of non-compliance with
the applicable safety documentation
at a given INB. Compliance gaps
may be the result of design errors,
manufacturing defects, qualification
errors or faults occurring during
the use of equipment and systems
(equipment ageing, maintenance
faults, etc.)
Methods or physical structures
designed to prevent or control the
release and dispersion of radioactive
materials.

Containment system

Device capable of preventing or limiting
the spread of radioactive materials
outside the packaging

Criticality accident

An uncontrolled fission chain reaction
within an initially sub-critical medium

Criticality

State of a medium in which a nuclear
chain reaction is self-sustaining

CSA

Centre de Stockage de l’Aube (CSA
radioactive waste disposal facility)

CSTFA

Centre de Stockage des Déchets TFA
(very low-level waste disposal facility,
now called CIRES)

D
D3SDD

Direction Sûreté Santé Sécurité
Développement Durable (Health,
Safety and Sustainable Development
Department, AREVA)

Defence in depth

A safety principle according to which
several successive and sufficiently
independent levels of defence are
set up to effectively prevent any
degraded performance of facility safety
functions, or damage to packages
and equipment, and to mitigate
the consequences of any such
degradation or damage

Design

During design, the characteristics of
a facility are defined to meet certain
predefined criteria and to comply with
regulatory practices
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Discharge permit

A permit, granted by government
order, that sets limits on the liquid
and gaseous waste that each INB
may discharge. Applications must be
submitted to the Ministries of Industry,
Health and the Environment

Dose

A measure of the energy deposited by
radiation in a target

Dose Equivalent Rate

Absorbed dose rate, weighted in
terms of its biological effects by the
appropriate quality factor for the type
of radiation concerned. It is measured
in millisieverts per hour (mSv/h)

Dosimeter

Personal electronic radiation
monitoring device designed to
measure external exposure to ionising
radiation and to provide a direct
reading of the whole-body dose

DSND

Representative in charge of Nuclear
Safety and Radiation Protection for
Defence-related Activities and Facilities

E
EDF

Electricité de France (the French
national electric utility)

Element Important for Protection
(EIP)

An Element Important for Protection
refers to "structures, equipment
items, systems (whether programmed
or not), hardware, components, or
software installed at an INB or under
the licensee's responsibility, which
perform a safety function required to
demonstrate the protection of interests
(...) or which ensure that this function is
performed (see Article 1.3 of the "INB
Order")

Enrichment

Process employed to increase the
fissile isotope content of an element.
The process separates the element
into two parts: one with a high isotope
concentration (enriched), the other with
a low isotope concentration (depleted)

EPR

European Pressurised water Reactor

EURATOM (or EAEC)

European Atomic Energy Community

Event relevant to safety

An event concerning safety that is
reported by a licensee but does not
meet the criteria defined by the nuclear
safety authority

Exposure

The fact of being exposed to ionising
radiation (external exposure if the
source is located outside the body,
internal exposure if the source is
located inside the body)

F
FBFC

G
GANIL

Large-scale heavy ion accelerator

General operating rules

ASN-approved rules defining the
authorised operating domain of a
nuclear facility in operation

General surveillance and
maintenance rules

ASN-approved rules defining the
authorised operating domain of a
nuclear facility in the final shutdown
and decommissioning phase

Société Franco-Belge de Fabrication
de Combustibles (Franco-Belgian fuel
manufacturing company).

GIE

Fissile

GPD

Groupement d’Intérêt Economique
(Economic Interest Grouping)

A nuclide is fissile when its nucleus is
liable to undergo fission in response to
neutrons of any energy

Advisory Committee for (Radioactive)
Waste

Fissile material

Advisory Committee for Reactors

A material composed of radionuclides
that is capable of undergoing fission

Fission products

Fragments of heavy nuclei produced
by nuclear fission or the subsequent
radioactive decay of nuclides formed
by this process. Fission products are
produced by the fission of uranium and
plutonium atoms (caesium, strontium,
iodine, xenon, etc.). These mostly
radioactive products decay into other
elements. Fission products that do not
decay rapidly form part of radioactive
waste

Fission

The splitting of an atom's nucleus as
a result of bombardment by neutrons.
During this reaction, neutrons and
ionising radiation are emitted and a
great amount of heat is released.

FP

Fission Products

Fuel assembly

Bundle of fuel rods assembled in
a metal structure, used in nuclear
reactors

Fuel cycle

All the industrial operations undergone
by nuclear fuel.

GPR
GPT

Advisory Committee for Transport (of
radioactive materials)

GPU

Advisory Committee for Laboratories
and Plants, covering basic nuclear
installations other than facilities
designed for long-term radioactive
waste storage.

H
Hazardous material

A material that can cause serious
harm to humans, property or the
environment, either through its own
physical or chemical properties, or
through reactions that it may induce.
It may be flammable, toxic, explosive,
corrosive or radioactive. Hazardous
materials are set out in the list of
hazardous materials in the transport
regulations or, if they are not on this
list, are classified in accordance with
international regulations

HEPA

High-Efficiency Particulate Air (filter)

HLW

High-Level Waste

HLW-LL

High-Level, Long-Lived Waste
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Hot laboratory

A laboratory equipped to handle or
process highly radioactive materials

L
Licensee

I

Person or organisation operating a
basic nuclear installation (INB)

IAEA

Low- and Intermediate-Level, ShortLived Waste

International Atomic Energy Agency.

ICPE

Installation classified on environmental
protection grounds

ILL

The Laue Langevin Institute

ILW-LL

Intermediate-Level, Long-Lived Waste

IN2P3

Institut National de Physique Nucléaire
et de Physique des Particules (French
National Institute of Nuclear and
Particle Physics)

Internal transport operation

Transport of dangerous goods on
the site of a basic nuclear installation
outside the buildings and storage
areas, or an operation relating to
transport safety, including inside the
buildings and storage areas

Ionising radiation

Electromagnetic waves (gamma)
or particles (alpha, beta, neutrons)
emitted when radionuclides
disintegrate and, in the process,
produce ions that penetrate matter

Irradiation

Deliberate or accidental exposure of an
organism, material or body to ionising
radiation.

IRSN

French Institute for Radiological
Protection and Nuclear Safety

Isotopes

Elements whose atoms have the same
number of electrons and protons, but
a different number of neutrons. They
have the same name and chemical
properties but their nuclear properties
may differ (in particular their fission
probability or radioactivity)

ITER

International Thermonuclear
Experimental Reactor
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LILW-SL

M
MAD-DEM

Final shutdown and decommissioning

Maintenance

All the operations undertaken to
maintain equipment in or restore it to
a specified condition or to allow it to
perform a given function

MELOX

A nuclear facility belonging to the
AREVA group that produces MOX fuel
for French and foreign nuclear reactors

Moderator

A material that can slow down the
neutrons generated by nuclear fission

MOX

A mixture of uranium and plutonium
oxides

N
Neutron

Electrically neutral fundamental particle
which, with the proton, makes up the
nucleus of an atom. When a neutron is
in the free particle state and travelling
at great speed, it can collide with and
split certain atomic nuclei. Nuclear
reactors use the heat given off by this
reaction

NORM

Naturally Occurring Radioactive
Materials

NPP

Nuclear Power Plant

Nuclear fuel

Fissile material (i.e. capable of
undergoing a fission reaction) used in
a reactor to develop a nuclear chain
reaction. Nuclear fuel that has been
irradiated in and permanently removed
from a reactor core is referred to as
"spent fuel".

Nuclear safety

Refers to all the technical provisions
and organisational measures related
to the design, construction, operation,
shutdown and decommissioning of
nuclear facilities, and to the transport of
radioactive materials, and implemented
to prevent accidents or to mitigate their
effects

O
On-site emergency plan

Plan defining all the organisation
within a nuclear facility or site, as well
as the special measures to be set up
in the event of an accident situation.
It is triggered by the site manager
and coordinated with the off-site
emergency plan which deals with the
consequences off the site

OPMAD

Preparations for final shutdown

Organisational and human factors
Factors that affect human performance
such as skills, working environment,
task details and organisation

P
Package

The packaging with its radioactive
contents as presented for transport.

Packaging

All the components assembled to form
a container to ensure the safe transport
of radioactive materials. It may include
various special materials designed to
absorb radiation or provide thermal
insulation, service devices, shock
absorbing structures, and handling and
tie-down devices.

Particle accelerator

Device or facility in which particles
are accelerated and emit ionising
radiation with energy in excess of one
megaelectronvolt (MeV)

Plutonium

A transuranic element with atomic
number 94 and symbol Pu. Its 239
isotope has a radioactive half-life of
24,110 years

PPE

Personal Protective Equipment
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PUREX

The "Plutonium and Uranium Refining
by Extraction" process

PWR

Pressurised Water Reactor

R
Radioactive contamination

Presence of radioactive materials
at the surface of or inside a given
medium. For humans, contamination
may be external (on the skin) or internal
(through inhalation or ingestion)

Radioactive decay

Natural decrease in the nuclear activity
of a radioactive substance through
spontaneous disintegration

Radioactive half-life

The time required for the quantity of
atoms of a radioactive element to be
halved

Radioactive materials

Materials containing natural or artificial
radioelements whose activity level
or concentration require radiation
protection control

Radioactive sources

Materials containing one or more
radionuclides whose activity level or
concentration cannot be neglected
from the radiation protection point of
view

Radioactive waste

Radiolysis

Decomposition of matter by ionising
radiation

Radionuclide

Radioactive isotope of an element

Recyclable material

A radioactive material for which further
use is planned or considered, possibly
after processing. In particular, these
materials include uranium obtained
from spent fuel processing, and
plutonium

Reprocessing

Extracting fissile and fertile materials
(uranium and plutonium) from spent
fuel for reuse, and for conditioning
various categories of waste in a form
compatible with disposal.

RHF

High-flux reactor

Access to and/or work in radiologically
controlled areas are subject to
special regulations to ensure
protection against ionising radiation
and containment of radioactive
contamination. A supervised area
is subject to radiation protection
supervision

SOMANU

A nuclear maintenance company

Specific activity

Activity by unit mass of a radioactive
substance (expressed in becquerels
per gram - Bq/g)

Spent fuel

Nuclear fuel that has been irradiated in
a reactor core from which it has been
definitively removed

SRPE

SSE

Jules Horowitz reactor

S
Safety analysis

All the technical examinations
performed to determine nuclear safety
measures to be implemented based
on a risk assessment

Sievert (Sv)

Radiologically controlled area

An industrial waste and effluent
conditioning company

RJH

Radioactivity

Natural or artificial radioactive element

SOCODEI

Regulation concerning the International
Carriage of Dangerous Goods by Rail

Safety documentation

Radioelement

A very high-temperature process to
transform "green" compacted uranium
pellets into pellets with a ceramic-like
composition

Significant Radiation Protection
Event. A significant event concerning
radiation protection of workers or the
public

RID

Radioactive waste is the term used
to describe radioactive materials for
which no further use is planned or
considered.
Process in which the nuclei of certain
elements spontaneously disintegrate to
form other elements, with the emission
of ionising radiation

Sintering

All the documents that define
requirements applicable to the design,
construction and operation of an INB
Unit used to measure the biological
effects of radiation on an exposed
organism (according to its nature
and exposed organs). These effects
are also referred to as the dose
equivalent. Since this unit is very large,
a submultiple of the Sv, the millisievert
(mSv), which equals 10-3 Sv or one
thousandth of an Sv, is often used

Significant Environmental Event
A significant event with an impact on
the environment

Significant event

An event that is particularly significant
in terms of the criteria specified by the
nuclear safety authority

Significant Safety Event: a significant
event with an impact on facility safety

STD

Solid waste treatment station

STEL

Liquid effluent treatment station

Storage

Interim solution for managing
radioactive waste or spent fuel until
a definitive processing or disposal
solution is found

T
TBP

Tributyl phosphate

TEO

Traitement des effluents organiques

The International Nuclear Event
Scale (INES)

Scale intended to facilitate
understanding by the media and
the general public of the importance
of safety for nuclear incidents and
accidents. It defines eight levels of
severity (from 0 to 7) according to the
consequences of these events.
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Glossary
Thermolysis

VLLW

TMD Order

W

Decomposition of a material caused
by heat
A legal text setting out the special
requirements applicable to the
national and international transport
of dangerous goods by road, rail and
inland waterways in France

TPH

Hydrogenated tetrapropylene

Transuranic elements

Group of chemical elements heavier
than uranium (atomic number 92).
The main transuranic elements are:
neptunium (93), plutonium (94),
americium (95) and curium (96).

TSN

Nuclear Transparency and Security
(Act)

U
UF4

Uranium tetrafluoride.

UF6

Uranium hexafluoride (see Glossary)

UNGG

Uranium naturel - graphite - gaz

UOX Enriched natural uranium fuel
Uranium

Chemical element, atomic number
92 and symbol U, with three naturally
occurring isotopes: uranium-234,
uranium-235 and uranium-238.
Uranium-235 is the only naturally
occurring fissile nuclide, which is why it
is used as a source of energy

Uranium hexafluoride (UF6)

Uranium compound used for uranium
isotope enrichment as part of the
nuclear fuel fabrication process

URT

Reprocessed uranium

V
VHLW

Very High-Level Waste
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Very Low-Level Waste

WENRA

Western European Nuclear Regulators
Association
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