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FOREWORD
This is the third regular report of IRSN's analysis of significant events
reported by licensees of basic nuclear facilities in France that are not
part of EDF's nuclear power plant fleet. It covers events reported in
2011 and 2012 that occurred in plants, laboratories, research reactors,
and facilities for the treatment, disposal and storage of waste.
The report has the same objective as the report on IRSN's safety
assessment of EDF's nuclear power plant fleet. Completely detached

Jacques Repussard
IRSN Director-General

from any media coverage of nuclear safety related to current events and
with the time required to gain perspective, the reports are intended to improve understanding by
stakeholders, and the public in general, of the concrete safety and radiation protection issues associated
with the operation of nuclear facilities, recent advances and areas for improvement.
IRSN devotes considerable resources to its ongoing technical safety monitoring of all basic nuclear facilities
in France. While the diversity of facilities that are not part of EDF's power plant fleet might appear to be a
limiting factor for identifying general lessons, an examination of all events that have occurred in these
facilities is nevertheless necessary to ensure that the lessons from operating experience have been taken
and shared.
Once again, the analysis shows the significant role of organisational and human factors in the significant
events that occurred in 2011 and 2012, of which the overwhelming majority are without noteworthy
consequences. The trends observed in this regard during IRSN's previous assessment have been confirmed,
highlighting the importance of organisational measures that enable operations and maintenance teams to
safely fulfil their missions in the facilities. Ageing processes also require special attention, as they are a
major cause of equipment failure.
The report also provides IRSN's analysis of specific events that are particularly instructive for facility
safety and a synthesis of assessments performed by IRSN on topics that are important for safety and
radiation protection. IRSN also includes an overview of its analysis of measures proposed by licensees for
increasing the safety of their facilities after the March 2011 accident at the Fukushima Daiichi nuclear
power plant in Japan, which consist of providing a "hardened core" to confront extreme situations
(earthquake, flooding, etc.) that are unlikely but plausible and can bring about levels of hazards higher
than those taken into account in the design of the facilities.
Hoping the report meets your expectations, I trust you will find it interesting reading.

IRSN/DG Report 2013-00006
©2013IRSN-all rights reserved

IRSN/DG Report 2013-00006
©2013IRSN-all rights reserved

TABLE OF CONTENTS

TABLE OF CONTENTS ......................................................................... 4
INTRODUCTION AND EXECUTIVE SUMMARY ............................................... 6
PRESENTATION OF BASIC NUCLEAR FACILITIES OTHER THAN EDF
PRESSURISED WATER REACTORS ......................................................... 10
NUCLEAR FUEL CYCLE FACILITIES ............................................................................. 10
OUT-OF-CYCLE INDUSTRIAL FACILITIES ....................................................................... 11
NUCLEAR RESEARCH AND RELATED SUPPORT FACILITIES .................................................. 11
FACILITIES DEFINITIVELY SHUTDOWN OR BEING DISMANTLED ............................................ 13
RADIOACTIVE WASTE DISPOSAL FACILITIES .................................................................. 13
MAIN CHARACTERISTICS OF BASIC NUCLEAR FACILITIES OTHER THAN PWRS .......................... 13

MAIN TRENDS OBSERVED ................................................................... 15
CROSS-DISCPLINARY ANALYSIS OF EVENTS OCCURRING IN BASIC NUCLEAR
FACILITIES OTHER THAN PRESSURISED WATER REACTORS .......................... 19
EVENTS RELATED TO THE RISK OF SPREAD OF RADIOACTIVE SUBSTANCES ............................. 21
EVENTS RELATED TO RISKS OF EXPOSURE TO IONISING RADIATION ..................................... 26
EVENTS RELATED TO CRITICALITY RISKS ..................................................................... 28
EVENTS RELATED TO FIRE AND EXPLOSION RISKS ........................................................... 31
EVENTS RELATED TO RISKS ASSOCIATED WITH HANDLING OPERATIONS ................................ 33
EVENTS RELATED TO RISKS OF LOSS OF ELECTRICAL POWER OR FLUIDS ............................... 36
EVENTS RELATED TO RISKS FROM EXTERNAL HAZARDS .................................................... 37
SIGNIFICANT EVENTS RELATED TO THE ENVIRONMENT THAT HAVE A RADIOLOGICAL COMPONENT 38
EVENTS RELATED TO PERIODIC INSPECTIONS AND TESTS.................................................. 39
ANALYSIS OF THE CAUSES OF EVENTS ........................................................................ 42

EVENTS AND INCIDENTS .................................................................... 44
EVENT ON 28 JUNE 2011 IN THE MELOX PLANT ............................................................. 45
EVENT ON 26 SEPTEMBER 2011 IN THE STE3 FACILITY AT THE AREVA NC LA HAGUE SITE .......... 49
EVENT ON 14 FEBRUARY 2012 IN THE URE FACILITY AT THE AREVA NC PIERRELATTE SITE ......... 52
EVENT ON 5 MARCH 2012 IN THE PEGASE FACILITY AT THE CEA CADARACHE SITE ................... 57
IRSN/DG Report 2013-00006
©2013IRSN-all rights reserved

EVENT ON 20 JUNE 2012 IN THE ORPHEE REACTOR AT THE CEA SACLAY SITE ........................ 61
EVENT ON 24 SEPTEMBER 2012 IN THE PWR FUEL FABRICATION PLANT IN ROMANS-SUR-ISÈRE .... 64

CROSS-FUNCTIONAL SUBJECTS ........................................................... 68
REINFORCEMENTS OF PLANTS AND RESEARCH REACTORS FOLLOWING THE FUKUSHIMA ACCIDENT 69
SAFETY AND RADIATION PROTECTION MANAGEMENT SYSTEMS IN CEA AND AREVA FACILITIES ..... 73
DISMANTLING OF NUCLEAR FACILITIES ................................................................. 77

APPENDIX ..................................................................................... 81
REPORTING CRITERIA FOR SIGNIFICANT EVENTS INVOLVING SAFETY,
RADIATION PROTECTION AND ENVIRONMENT, AS PER THE ASN GUIDE OF
21 OCTOBER 2005........................................................................... 81

IRSN/DG Report 2013-00006
©2013IRSN-all rights reserved

5

INTRODUCTION AND EXECUTIVE SUMMARY

This report presents the main lessons learned from IRSN analysis of significant events that occurred within French
basic nuclear facilities (INBs) other than EDF nuclear power plants that were reported to the French Nuclear Safety
Authority (ASN) in 2011 and 2012. The facilities in question include both LUDD-type facilities (this acronym refers
to laboratories; plants; facilities being dismantled; and waste processing, storage and disposal facilities), and
reactors operated for research purposes. This report follows on from two previous IRSN reports on the same
subject, which are available for consultation on the IRSN website. These reports addressed solely LUDD-type
facilities: Report DSU no. 215 presents the lessons learned from events reported between 2005 and 2008, and
report DSU n° 248 presents the lessons learned from events reported in 2009 and 2010. The scope of this report
has been broadened to include research reactors in order to draw on a larger range of operating experience
feedback.

The report makes no claim to be totally comprehensive,
but instead seeks to raise the main points deemed to be

At the end of 2012, France had 82 basic nuclear
facilities (INBs) not including any power-generating

significant by IRSN, emphasising the principal changes

reactors in operation. These facilities include 72

observed since the previous studies, in order to highlight

laboratories,

improvements and the chief areas where progress is

decommissioned and waste processing, storage and

required. The aim is to promote widespread awareness
of the operating experience feedback in basic nuclear
facilities other than nuclear power plants, in order to

plants,

facilities

being

disposal facilities (LUDD) and 10 research reactors.
These facilities are operated by different licensees,
the leading ones being AREVA, CEA, EDF and
ANDRA.

enhance safety.

The report comprises four sections. In the first section, IRSN briefly presents the different categories of nuclear
facilities other than power plants, in order to give an idea of the diversity of facilities and the main risks
associated with each type. The second section presents the main trends that can be identified from a crossdisciplinary analysis of events reported to ASN in 2011 and 2012. In the third section, IRSN presents its analysis of a
selection of events that occurred in 2011 or 2012, which give valuable lessons for the safety of facilities other than
power-generating reactors. The final section discusses three issues that were assessed in depth by IRSN, and which
are referred to as “cross-disciplinary subjects”. In particular, this section discusses the IRSN evaluation of actions
proposed by licensees to enhance protection of LUDD facilities and research reactors in the wake of the accident
that hit the reactors at Japan’s Fukushima-Daiichi plant on 11 March 2011.
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Safety and radiation protection require constant vigilance from all parties, especially from licensees, who are first
and foremost responsible for safety in their facilities. Safety can never be taken for granted and must remain a
priority in order to ensure constant progress. To achieve this aim, IRSN believes it is necessary to carefully
examine operating feedback from France and other countries, and also new areas of knowledge generated by
research or studies.
Improving safety and radiation protection, the aim set out above, requires that the relevant licensees carry out
sufficiently in-depth analysis of events in order to identify all the lessons that need to be learned. In this respect,
IRSN continues to note sometimes significant disparities in the content of significant event reports submitted by
licensees to ASN. A certain improvement has nonetheless been observed over the last few years for some facilities.
In some cases, the documents merely identify the “primary” causes (equipment failures or human errors) and do
not present the fundamental or root causes (in particularly any organisational causes). However, this in-depth
analysis is necessary in order to identify the corrective actions that will make a relevant and sustained
contribution to improving safety and radiation protection. Licensees therefore still have work to do in their event
reports in presenting an analysis of the root causes of failures that gave rise to the events reported to ASN.
The overall analysis of events reported in 2011 and 2012 shows that the downturn in the number of events
reported in 2010, as against 2009, did not continue. The trend was in fact completely reversed, to the extent that
2012 saw the highest ever number of events reported to ASN for the type of facility covered in this report.
Although prudence is required in interpreting this observation (particularly given the disparities between
facilities), this does not appear to indicate an overall deterioration of the safety of the relevant facilities, but
instead an improvement in the licensees’ performance in detecting events, in particular events involving noncompliance with the requirements laid out in safety documents or facility operating documents.
IRSN notes that no event reported to ASN in 2011 or 2012 had significant radiological consequences for workers,
the environment or the general public. In particular, statutory dose limits for workers or members of the public
were not ever reported to have been exceeded at any time during this period. Nevertheless, one event did have
severe consequences for several workers: the explosion on 12 September 2011 in the metal furnace at the
CENTRACO facility where very low-level metal waste is melted down. The accident caused one fatality and four
injuries, including one person who was seriously injured.
Cross-disciplinary analysis has not highlighted any strong trends for the majority of event types (spread of
radioactive substances, fires, etc.), that are different from the observations made when analysing events reported
in 2009 and 2010. In particular, no overall deterioration has been observed, although for some risks (chiefly the
criticality risk), major disparities can be identified between different facilities. However, an increase of events
occurred in 2011 and 2012 in some event categories. The three main categories for which this is the case are
presented below:
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the number of handling-related events nearly doubled compared with the previous two years. Although the
number remains low with respect to the very large number of handing operations carried out within facilities,
IRSN observes a consistent set of causes of such events, which are in very large part due to organisational and
human factors. In IRSN’s view, this operating feedback highlights the need for licensees to better enforce the
provisions they have adopted, particularly with respect to the preparation and supervision of handling
operations;
the number of significant events with a radiological component affecting the environment increased
approximately 50% in 2012 compared with previous years. This increase is primarily due to events relating to
systems for measuring or monitoring radioactive effluent released by basic nuclear facilities. Although the
faults that caused these events seem to be diverse and varying, this feedback highlights the care required
from all licensees in ensuring the suitability of the technical measures taken to monitor releases of gaseous
effluents from their facility, so as to comply with all requirements laid down in the discharge permits;
the number of failures to comply with the intervals set for periodic inspections and tests of equipment
contributing to facility safety has continued to rise in comparison with previous years. Analysis shows that
these events are primarily related to organisational shortcomings, including a significant proportion which
concerns difficulties encountered by licensees in managing the safety or operating documents on the basis of
which periodic tests and inspections are planned and performed. IRSN considers that such events require
particular attention from licensees, since the organisational shortcomings that cause them could affect other
aspects of operations and maintenance. In addition, operating feedback highlights the care licensees need to
take in ensuring that the periodic tests and inspections performed are suitable and adequate to verify correct
equipment operation and availability (e.g. for handling gear, fire-fighting equipment, etc.). Various events
indicated shortcomings in this area.
In other respects, the broad analysis of the technical, human or organisational causes of significant events
reported to ASN in 2011 and 2012 does not reveal any significant changes in relation to the previous two years.
Failures attributable to human and organisational factors remain strongly predominant in the events reported to
ASN. This seems consistent with the importance of human actions in these facilities. Having said this, IRSN has
detected a rise in the number of events for which a technical failure was identified by licensees as the main cause
of the event. IRSN emphasises that prudence is required in interpreting this general trend, since the number of
such events depends on the depth of analysis presented by licensees in the significant event reports submitted to
ASN.
For technical causes, IRSN observes that ageing is still the major cause of equipment failure for events reported
in 2011 and 2012. As for previous years, the ageing mechanisms causing such events are very varied in nature (e.g.
corrosion, wear, fatigue). IRSN believes that a major area for safety improvement is for licensees to better take
into account the ageing mechanisms affecting equipment in their facilities.
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For organisational and human causes, the analysis confirms the general lessons learned from the previous
analysis. The main failures responsible for events reported to ASN are very similar to failures observed in previous
years: insufficient preparation for activities, inadequate risk assessments prior to performing activities,
documentation shortcomings and other miscellaneous organisational problems (e.g. planning, task management).
This operating feedback again underlines the importance of organisational provisions whose role is to ensure that
the technical processes and the actual facility condition provide men and women with the means to work safely
within the facilities.
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PRESENTATION OF BASIC NUCLEAR FACILITIES OTHER
THAN EDF PRESSURISED WATER REACTORS
The criteria for designating facilities as “basic nuclear facilities” (INBs) are defined in Decree 2007-830 of 11 May
2007, pursuant to Act 2006-686 of 13 June 2006, the Nuclear Transparency and Safety Act. By the end of 2012,
France had 124 nuclear facilities that met these criteria. These facilities include the fleet of Pressurised Water
Reactors (PWRs) operated by EDF, 10 research reactors in operation and 72 facilities referred to in French with the
acronym LUDD: laboratories, plants, facilities being dismantled and waste processing, storage and disposal
facilities.
This report covers all basic nuclear facilities other than the pressurised water reactors in operation or under
construction (hereinafter referred to as “basic nuclear facilities other than PWRs”). Such facilities number 82 in
total. It should be emphasised that LUDD-type facilities include nuclear reactors that have been definitively shut
down and contain no nuclear fuel, because the risks presented by these facilities are similar to those of a
“laboratory” or “plant” type facility - the risks related to reactivity and the residual power of the spent fuel are
no longer present.
The “basic nuclear facilities other than PWRs” are very varied in nature, both in terms of activities and risks. They
are operated by a range of different licensees (AREVA, CEA, EDF, ANDRA, IONISOS, etc.), which is a major
difference with respect to the fleet of power plants in operation, all of which have a similar design and are run by
the same operator, EDF.
For the purposes of this report, the basic nuclear facilities other than PWRs have been categorised into five groups
of facility. For the sake of consistency, this categorisation is the same as in the previous public report on LUDDtype facilities for 2009 and 2010, which is available for consultation on the IRSN website. The only difference is
that research reactors have been added. These five groups of facility are briefly presented below and any changes
within these groups in 2011 and 2012 are highlighted.

NUCLEAR FUEL CYCLE FACILITIES
This group includes the 13 basic nuclear facilities operated by the AREVA group that prepare nuclear fuel for use in
nuclear reactors and the facilities that reprocess spent fuel after use. Two new uranium oxide-based fuel storage
facilities operated by EDF are also included in this group (one at the Bugey site and the other at Chinon site).
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The 13 AREVA Group facilities include:


the Georges Besse 1 and 2 uranium enrichment plants at the Tricastin site; the Georges Besse 1 plant was
shut down in 2012 and is currently being prepared for decommissioning;



Nuclear Fuel Cycle

the TU5 and COMURHEX plants at AREVA's

Fuel fabrication

Enriched
uranium

Pierrelatte site for converting uranium processed
Depleted
uranium

from spent fuels;

UO2
Fuel

Storage



MOX
Fuel

the FBFC facilities at the Romans-sur-Isère site for
Depleted
uranium

fabricating fuel assemblies for PWRs and fuel for
Enrichment

research reactors;

Production
scrap

Plutonium

Power plants (reactors)
Production
scrap



the MELOX plant at the Marcoule site for

Spent MOX
fuel

Spent
UO2 fuel

Conversion

manufacturing MOX fuels;
Concentration



Recylced
uranium

the UP3-A and UP2-800 spent fuel processing
Waste

plants in operation at the La Hague site, and the

Ore mining

Reprocessing
plant

Disposal

older UP2-400 plant, which has been shut down
and is being prepared for dismantling (except for
the HAO unit which has already been subject to a final shutdown and dismantling order).

OUT-OF-CYCLE INDUSTRIAL FACILITIES
This group of facilities has not changed since the end of 2010. This group includes 13 facilities:


the artificial radioelement production plant operated by CIS BIO INTERNATIONAL at the CEA Saclay site;



six industrial irradiation facilities located at six different sites
operated by IONISOS, ISOTRON France et CEA;



three plants for the maintenance of equipment from other basic
nuclear facilities (SOMANU in Maubeuge and SOCATRI and BCOT
at the Tricastin site);



the CENTRACO low-level radwaste processing and conditioning
facility, operated by SOCODEI at the Codolet site;



the laboratory operated by EDF at the Chinon site, for testing

Aerial view of the Tricastin site

materials from nuclear power reactors;


the storage facility operated by EDF at the Creys-Malville site, for underwater decay of spent fuel from the
SUPERPHENIX reactor.

NUCLEAR RESEARCH AND RELATED SUPPORT FACILITIES
This group of 27 facilities is referred to as “research facilities” in this report, and includes:


research laboratories operated by CEA at the Cadarache site (LECA, STAR, CHICADE and LEFCA laboratories),
at the Marcoule site (ATALANTE) and the Saclay site (LECI), and the support facilities for solid and liquid
radioactive waste management and the storage of fissile materials or irradiated fuel;
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the large-scale heavy ion accelerator (GANIL), operated by the GANIL consortium, a CEA-CNRS joint venture,
near Caen;



the ITER facility, which was granted official French government
approval in the Official Gazette in November 2012; ITER is under
construction close to the CEA Cadarache site and is an
experimental facility designed to test the feasibility of managing
the nuclear fusion process;



reactors for scientific and technological research in support of
nuclear power plant operations. Nine reactors are operated by
CEA at the Saclay site (OSIRIS and ISIS, ORPHEE), the Marcoule
site (PHENIX) and Cadarache site (MASURCA, EOLE, MINERVE,
RJH, CABRI and PHEBUS). The RHF reactor is operated by Institut

Aseismic
bearing
pads
construction for the ITER
Tokamak complex (April 2012)

under
facility

Laue Langevin (ILL) in Grenoble.

The 10 research or experimental reactors in operation or under construction
the MASURCA reactor is used for neutron studies, chiefly focusing on fast breeder reactor cores, and for
developing techniques for neutron measurements;
the ÉOLE reactor is used for neutron studies in light water reactor cores;
the MINERVE reactor, in the same hall has the ÉOLE reactor, is used to measure neutronic variables;
the OSIRIS reactor and its critical model ISIS are used to irradiate structural materials and fuels for
different power reactor designs;
the RJH reactor that is under construction will be used for similar activities to those currently carried out
with the OSIRIS reactor;
the ORPHEE reactor is used to provide neutron beams that are used by physicists for basic research;
the CABRI reactor is mainly used for experimental programmes designed by IRSN to promote better
understanding of fuel behaviours;
the PHEBUS reactor is used for studies into fuel behaviour during accidents that could affect pressurised
water reactors;
the PHENIX reactor is a fast breeder reactor that is now shut down and is currently undergoing predecommissioning work;
the RHF reactor provides neutron beams for experiments in the fields of solid-state physics, nuclear physics
and molecular biology.
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FACILITIES DEFINITIVELY SHUTDOWN OR BEING DISMANTLED
Since the end of 2010, the MELUSINE research reactor
at the CEA Grenoble site and the Strasbourg University
Reactor (RUS) have been struck off the list of basic

Creation
Création

Regulatory
phase e
Phase
réglementair

nuclear facilities following completion of dismantling,
in late 2011 for the former and late 2012 for the later.

Technical
phase
Phase
technique

Withdrawal
fromdéfinitif
service
Mise
à l’arrêt

Construction
permit
Décret
d’Autorisation
de Création

Facility operation
Exploitation
de l’installation

Decommissioned
Déclassement

Withdrawal
from service and
Décret d’autorisation
de
decommissioning decree

Mise à l’Arrêt Définitif –
Démantèlement

Decomissioning
operations
Opérations de démantè-

lement

They are no longer included in this group of facilities.
Since the end of 2012, this group of facilities therefore

Main stages in the life of a basic nuclear facility

includes:


11 power reactors or research reactors that have been shutdown and no long contain fuel; these very
varied facilities are at CEA sites in Cadarache, Grenoble and Saclay, and at the following EDF sites: Brennilis,
Bugey, Chinon, Chooz, Creys-Malville and Saint-Laurent-des-Eaux;



14 LUDD-type facilities that have been subject to a final shutdown and dismantling order: these facilities
are at the CEA sites in Fontenay-aux-Roses, Saclay, Grenoble and Cadarache, the SICN site in Veurey-Voroize
and the EDF site in Saint-Laurent-des-Eaux

RADIOACTIVE WASTE DISPOSAL FACILITIES
France has two near surface disposal facilities operated by ANDRA for low and intermediate level short-lived waste
that are classified as basic nuclear facilities:


the La Manche waste disposal, close to the AREVA La Hague site, which has been in monitoring phase since
January 2003;



the Aube waste disposal in Soulaines-Dhuys, which is currently in operation.

MAIN CHARACTERISTICS OF BASIC NUCLEAR FACILITIES OTHER THAN PWRS
Unlike the nuclear power plants operated in France by EDF, whose reactor designs are all very similar, the other
basic nuclear facilities in France are very varied and are operated by different licensees. The nature and scale of
the risks presented by these facilities, and the potential consequences of operation differ, sometimes
substantially, from one facility to the next.
For facilities in operation, the range of risks and consequences of any incident or accident are closely related to
the characteristics of the radioactive substances used in the facilities (which radionuclides are present and in what
physical-chemical forms), and the activities involved (processes used, nature of reagents, etc.). Although for some
facilities, the potential radiological consequences of an incident or accident for the local population or
environment may be low (e.g. industrial irradiation facilities or maintenance facilities), for other facilities the
consequences of an accident could be extremely high (e.g. reactivity accident for certain research reactors,
boiling inside a tank of fission products at a spent fuel processing facility at the La Hague site following a longlasting loss of cooling accident, major fire in a facility using plutonium).
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This diversity is also seen in the fact that some facilities have unique risks, which are not found in all the facilities.
An example of this would be plants that use uranium in the form of UF6, which poses specific risks due to the
toxicity of the chemical used - the uranium and hydrofluoric acid resulting from UF6 decomposition in the event of
a leak.
In addition, the risks present in facilities undergoing dismantling are often very different to the risks seen when
they were in operation. As a general rule, the environmental risks of facilities being dismantled are lower, because
a large proportion of the radioactive substances have been removed. However, the risks to workers of exposure to
ionising radiation are much higher due to the nature of the operations, such as dismantling or cutting, requiring
workers close to radioactive substances or irradiating equipment. Furthermore, different risks from those
encountered during operation can appear, due to the techniques or processes used, or may become predominant
(e.g. fire risks associated with cutting operations).
The importance of organisational and human factors in the operation of basic nuclear facilities other than PWRs
should also be stressed. 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 these organisational and human factors. The events often
involve one or more human or organisational failures.

The risks presented by basic nuclear facilities other than PWRs are generally grouped into the following three
broad categories:
risks related to the radioactive substances present in the facility: risks of the spread of these substances
within and outside the facility, risks of internal and external exposure to ionising radiation, criticality or
reactivity risks (for research reactors only), overpressure or explosion risks related to the gases produced by
radiolysis, and risks related to heat releases caused by the radioactivity;
risks generated inside a facility that could lead to the spread of radioactive substances, exposure to
ionising radiation or a criticality accident: in particular fire risks, explosion risks, load drops, loss of power
or fluid supplies;
risks originating outside a facility, whether related to human activities (risks from neighbouring facilities,
nearby transport of hazardous materials (gas pipes, tanker trunks, etc.) or aircraft crashes) or natural risks
(e.g. earthquake, flooding, extreme climate conditions).
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MAIN TRENDS OBSERVED

This section sets out the main lessons learned from changes in the number and type of
significant events reported to the French Nuclear Safety Authority (ASN). It also includes
a general review of the consequences of events that occurred in 2011 and 2012 on
workers, the environment and the public.

SIGNIFICANT EVENTS REPORTED TO ASN
When an event occurs within a nuclear facility and falls under one of the criteria specified by ASN, the licensee
must report this event within two days maximum of its detection. It must then provide its analysis of the event in
a “significant event report”. ASN has defined three categories for the reporting of significant events: those
"related to safety in basic nuclear facilities other than pressurised water reactors", those "related to radiation
protection in basic nuclear facilities" and those "related to the environment for basic nuclear facilities". These
criteria are provided for reference in the Appendix to this report. Some events may be classed as significant with
regard to the criteria specified for one or more significant event categories.

CHANGES IN THE NUMBER OF SIGNIFICANT EVENTS REPORTED TO ASN
Nombre d'évènement significatifs par année
300
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200
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145
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220

244

194

reported in 2010 compared with 2009 was not

135

sustained. In 2011, the trend reversed (up

100
50
0
2005
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The fall in the number of significant events

2008

2009

2010

2011

2012

approximately

13%)

and

continued

2012

at

in

this
a

increase

similar

rate

(approximately 10%).

Number of significant events reported to ASN from 2005 to 2012

In 2012, 244 significant events were reported to ASN for basic nuclear facilities other than PWRs. This is the
largest number of events ever reported to ASN for this type of facility. However, the number is similar to the 2009
figure. Since the significant increase in reports between 2008 and 2009, a certain "stabilisation" in the number of
events reported seems to have occurred.
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This general trend for significant events reported to ASN as a whole is reflected in both the safety and
environment categories (see graphs below).
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It should be noted that events reported under the safety category remained the most common type in 2011 and
2012: approximately two-thirds of all significant events reported were under the safety category.
The increase in the number of events reported under the environment category, observed in 2011 and especially
2012, only concerns those with a radiological aspect. The number of events related to releases of toxic or
chemical substances ("non-radiological" events) was the same in 2009, 2011 and 2012: 35 significant events were
reported in each of these years.
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Detailed analysis shows a significant fall in events related to "radiological cleanliness" (surface contamination of
rooms above specified thresholds) in 2011 and 2012 compared with 2009 and 2010, years in which a large increase
in this type of event had been observed.
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The number of significant events in the safety or radiation protection categories that ASN classified as Level 1 on
the INES scale decreased during 2011 and 2012 compared with 2010.
For significant events in the safety category, this

the number of significant events in the safety category
classified at Level 1 on the INES scale was approximately

Accident

downward trend has been observed since 2009. In 2012,

Major
accident
Serious accident
Accident with wider consequences

Accident with local
consequences

half that of 2009, even though the total number of

Serious incident

Furthermore, it is notable that in 2012, ASN did not
classify any event in the radiation protection category as

Incident

events reported in these years was similar.

Incident
Anomaly
Deviation

Level 1 on the INES scale.
In 2011 and 2012, ASN only classified one event as Level
2 on the INES scale. This was the event that occurred at
the FBFC facility in Romans-sur-Isère on 24 September

The International Nuclear Event Scale (INES) was
created

to

develop

public

awareness

and

communication. It applies to events that occur
within nuclear facilities and are reported under

2012, regarding non-compliance with several rules for the

the "safety" and "radiation protection" categories.

prevention of criticality risks. This event is described later

Events are classified into seven Levels depending
on their significance. Events in the "environment"

in the report.

category are classified outside the INES scale.

It should be remembered that since 2007, ASN has only classified three other events (all occurring in 2009) at this
level on the INES scale.

COMMENTS ON CHANGES IN THE NUMBER OF EVENTS
From the overall analysis of changes in events reported to
ASN, IRSN notes that the downturn observed in 2010 (in the
number and type of events) was not maintained over the

Interpreting

changes

in

the

number

of

significant events
IRSN considers that changes in the number of

two years that followed. The increases in the number of

events from one year to another require careful

events observed in 2011 and 2012 with respect to 2010 seem

interpretation. The number of significant events

to be mainly due to the efforts that certain licensees have

reported does not constitute a "quantitative"

undertaken over the last few years to improve detection of
such events and, in particular, to promote the reporting of

indicator whose variations are directly linked to
the "safety level" of nuclear facilities. On the
other hand, these events do reflect difficulties

deviations from requirements laid out in the safety or

encountered, that should be analysed and

operating documents of the facilities. This point is

understood as warnings to find relevant paths to

supported by examination of trends observed over recent

improve the safety of facilities and their

years with regard to the way in which licensees have

operation.

detected significant events. There has been an increase over the last few years in the number of significant events
detected "directly" by operators in the facilities (i.e. outside of planned inspections), along with events detected
during licensees’ internal inspections or audits and during monitoring, periodic tests and maintenance operations.
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This general improvement in the reporting of "minor" events by licensees should be attributed to the actions that
ASN has undertaken for several years, encouraging operators to rigorously apply the criteria for reporting
significant events. As an illustration of this general trend, the number of reports of non-compliance with the
required frequency for periodic inspections and tests specified in safety documents has been increasing steadily
over several years (approximately 10% of events reported to ASN in 2011 and 2012). The strong lead from ASN in
this area has certainly prompted licensees to more systematically report such events, which were previously
treated as internal deviations.

OVERALL ASSESSMENT OF THE CONSEQUENCES OF SIGNIFICANT EVENTS
The vast majority of events reported to ASN in 2011 and 2012 had no radiological consequence for workers, the
public or the environment.
A small proportion (approximately 4%) of events led to releases of radioactive substances outside the sites on
which the facilities are located, a similar proportion to previous years. The radiological consequences of these ten
or so events in two years were negligible for the environment and the public.
In 2011 and 2012, the number of events leading to radiological consequences for workers was also very low. No
event led to any worker receiving an effective dose above one quarter of the statutory annual limit of 20 mSv.
Leaving aside the radiological aspects, one event in particular did have very significant consequences for several
workers. This was the explosion that occurred on 12 September 2011 on the CENTRACO facility in the melting
furnace used to melt very-low-level metal waste. This explosion caused one fatality and four injuries, one serious.
The judicial investigation into this accident is still underway. Excluding this event, the other events only led to
very limited consequences for workers.
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CROSS-DISCPLINARY ANALYSIS OF EVENTS OCCURRING
IN BASIC NUCLEAR FACILITIES OTHER THAN
PRESSURISED WATER REACTORS

This section provides a cross-disciplinary analysis of the significant events reported to ASN
in 2011 and 2012. Its main purpose is to identify any changes that have occurred with
respect to the analysis findings presented in the previous report for 2009 and 2010. IRSN
aims to highlight any improvements observed and any areas for improvement.
As in previous reports, the analysis has been structured by risk type (such as criticality or
fire risk), focusing on the most significant risks for safety and radiation protection in
facilities other than PWRs. Furthermore, overall analysis of the causes of events has been
performed with a view to identifying any general trends.
In addition, IRSN also analysed the following two subjects:
events reported in the environment category that have a radiological component
(i.e. excluding events concerning releases of toxic and chemical substances); in
2012, a significant increase in the number of such events was noted compared with
previous years;
events related to periodic inspections and tests, for which the number reported to
ASN has been increasing for several years.

Aerial view of the Marcoule site
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PRELIMINARY REMARKS
Cross-disciplinary analysis of events aims to highlight general lessons from the failures observed. This work is
highly dependent on the depth of event analysis that licensees provide in the significant event reports submitted
to ASN. Indeed, with the exception of a small number of events for which additional information is available (for
instance, following ASN inspections or IRSN assessments), these reports are the sole source of information for IRSN.
In this respect, IRSN observes sometimes major disparities in the contents of the analyses provided by the
licensees operating basic nuclear facilities other than PWRs in these significant event reports, although some
improvement has been noted over several years for certain facilities. In a certain number of cases, the reports
merely identify the "primary" causes, often just citing equipment failure or human error, without seeking the
deeper or root causes (in particular organisational factors). This is observed particularly for events considered to
be less important for safety, such as deviations from the safety documents.

The importance of seeking the root causes of significant events
Significant events nearly always result from a chain of technical, organisational or human failures, whose
complexity may vary. Interactions between these various aspects mean that the analysis of a significant event
cannot be limited to identifying a (possibly collective) human error or technical failure, which could explain the
deviation reported. For example, equipment failure associated with an ageing phenomenon – which is
sometimes presented in event reports as the cause of the event – always has its origin in "deeper" failures, such
as failures in the conceptual or detailed design of the equipment, failures in its installation on the facility, or
failures in the operations for monitoring and maintaining its conformity (such as maintenance and periodic
inspections).
IRSN considers that it is necessary to seek the root causes of events to determine any recurrent or generic
organisational failures and, in all cases, to define relevant corrective actions based on an understanding of the
failures, so that operational safety can be sustainably improved. In this context, IRSN considers that operator
analysis could be significantly improved by using an integrated approach to identify technical, organisational
and human contributions to the causes of significant events.

The inadequacy or absence of a precise identification of root causes in certain event reports means that it is not
always possible to fully appreciate the different types of technical, organisational or human failure that caused
the events and thereby identify any generic or recurrent aspects. This difficulty is compounded by the wide
diversity of non-PWR facilities and associated risks, and the organisational structures and operating methods which
vary, sometimes significantly, from one licensee to another. Finally, cross-disciplinary analysis of certain event
types (in particular, events related to the spread of radioactive substances) is also complicated by the variability
in the way different licensees apply the reporting criteria.
All the aspects cited above have an impact on the cross-disciplinary analysis performed and the lessons that can be
learned.
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EVENTS RELATED TO THE RISK OF SPREAD OF RADIOACTIVE SUBSTANCES
In 2011 and 2012, approximately 160 significant
events related to the risk of spread of radioactive
substances were reported to ASN in basic nuclear
facilities other than PWRs. This figure is similar to
the level observed for 2009 and 2010. These events
involve
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Number of significant events reported to ASN related to
static confinement "barriers" and ventilation systems for
2009 to 2012

These risks are managed using one or more confinement systems, each comprising one or more static confinement
"barriers", generally combined with a cascade of pressure drops generated by the ventilation systems, aiming to
mitigate any weaknesses or discontinuities in the static confinement "barriers". Additionally, ventilation systems
are fitted with purification devices suitable for the substances handled (such as particle filters, iodine traps or
scrubbers) to limit any releases of radioactive substances into the environment.
Of the 160 events related to the risk of the spread of radioactive substances reported to ASN during 2011 and
2012, approximately 90 events involved static confinement "barriers".
The vast majority of these events concerned the first
confinement "barrier", i.e. the one closest to the
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radioactive substances. As for previous years, these

Failure
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Distribution of type of defects involving static
confinement "barriers" for 2011 and 2012

Approximately 40% of events related to static confinement "barriers" were leakage or rupture of various types
of equipment, overflow (of vessels in particular) or overfilling of equipment (such as a UF 6 crystalliser). The types
of event observed are very similar to those observed in previous years. However, it should be noted that there
were several events involving leakage of radioactive liquids that occurred during planned emptying or transfer
operations on facilities definitively shutdown or undergoing dismantling, which highlighted knowledge gaps
regarding the real state of equipment (e.g. valve open when assumed to be closed or uncertainty as to content of
a vessel). This experience feedback highlights the importance to be given to provisions than ensure that the state
of equipment is known (such as lock-outs, tags, and maintenance) prior to the performance of operations, in
particular when such equipment has not been used for a long period.
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One event that could be highlighted for experience feedback is the rupture of four MOX fuel rods at the MELOX
facility in June 2011 during the manufacture of a fuel assembly. This event, which led to the contamination of
three rooms, is described in detail later in this report. It resulted from failures during the use of a rod drawing
bench in an operating mode other than the automatic mode used for normal operation. Failures associated with
the use of equipment operating modes other than automatic mode (i.e. use of a "manual" mode under operator
supervision) have been reported for other events occurring in basic nuclear facilities for which many operations
are automated (fuel-cycle facilities). These events highlight the attention that should be paid both to the
suitability and adequacy of existing safety devices for operating modes other than automatic mode and to the
adequacy of the organisational provisions for the management of operations performed using these other operating
modes (in terms of operational documentation, organisation of operations, and training of operators responsible
for performing such operations).
Approximately 20% of events concerning static confinement "barriers" were container confinement defects.
IRSN has not identified any particular changes concerning these events, which generally result from damage during
handling (including load drop), or from ageing mechanisms (especially corrosion).
Approximately 10% of events concerning static confinement "barriers" were confinement defects on glove
boxes or other containments. While, as in previous years, the vast majority of these events resulted from failure
of the most fragile components of glove boxes (gloves and transfer bags), one event that occurred in 2012 was
associated with the deterioration of the seals of several glove boxes at a basic nuclear facility, whose origin was
assumed to be their poor resistance to a solvent used for clean-up operations. This – very rare – type of event is a
reminder of the attention that should be paid to the use of chemicals in glove boxes, in particular for maintenance
activities.
Of the 160 events related to the risk of the spread of radioactive substances reported to ASN in 2011 and
2012, approximately 70 involved ventilation systems.
The number of events is essentially stable with respect to

26%

27%

the two previous years.
Approximately 50% of events related to ventilation
systems were failures to comply with various safety
47%

requirements; this proportion is similar to that observed
during 2009 and 2010. The corresponding events, which
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levels, and the minimum efficiency required for HEPA filters or iodine traps). With the exception of noncompliances regarding the efficiency of HEPA filters, which are described further below, no significant aspect was
brought to light.
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With respect to non-compliances regarding the efficiency of HEPA filters, IRSN notes a reduction in the number of
events in 2012 (2 events) with respect to previous years (6 events in 2011 for example). In the previous public
report, IRSN emphasised that a significant proportion of these events were associated with difficulties that
licensees encountered when performing the filter efficiency test according to the applicable standard (tests
performed using a non-radioactive tracer – uranine). In this regard, in July 2011, ASN sent a letter to all licensees
that run basic nuclear facility asking them to provide their experience feedback on difficulties encountered during
the performance of HEPA filter efficiency tests. The reduction in the number of events observed in 2012, which
seems to have been sustained in 2013, and the reported causes of these events, suggest that the relevant licensees
have made good use of the experience feedback from the events to improve technical conditions for the
performance of these tests and the associated organisational provisions (in particular, the monitoring of external
contractors commissioned with such operations). However, prudence is still required regarding this improvement,
whose sustainability is still to be confirmed.
Approximately 30% of events related to ventilation systems involved the unexpected shutdown of a
ventilation system. These events mainly affected "research" facilities and "non-fuel-cycle facilities", for which the
requirements related to tolerated outages of ventilation systems are stricter. Ventilation system outages result
from various technical failures or from organisational or human failures during interventions. It should be noted
that failures of automatic control devices were involved in one third of ventilation system outages. This type of
failure has increased compared with previous years.
Finally, it would appear that non-compliance with the frequency of periodic inspections or tests on equipment that
contributes to static confinement, or on equipment associated with ventilations systems, represents a nonnegligible proportion of the significant events reported to ASN in 2011 and 2012 (approximately 20%). The causes
of this type of event, more numerous than in previous years, are analysed in a specific section of this report.
The analysis performed by IRSN with respect to the causes of events related to risks of the spread of
radioactive substances highlights the importance of ageing mechanisms in equipment failure, along with
organisational and human factors.

Ageing mechanisms
Approximately 40% of all events related to risks of the spread of radioactive substances which were caused by
equipment failure were associated with ageing mechanisms (such as corrosion, erosion, mechanical fatigue and
obsolescence). They generally involved static confinement "barriers" rather than ventilation systems. IRSN
considers that ageing mechanisms could be even more important if it is considered that a significant proportion of
those failures (approximately 35%), for which the cause was not clearly identified in the significant event reports
sent by licensees, was probably due to such mechanisms, at least in part.
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The analysis performed by IRSN did not show that any equipment type was particularly affected by such failures.
Ageing mechanisms are by nature very diverse. Corrosion is the main ageing mechanism identified by licensees
(more than one third of events reported). Corrosion mechanisms develop either inside equipment, when it is
exposed to corrosive substances (such as
nitric acid, hydrofluoric acid or water), or on
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Distribution of type of equipment failure for 2011 and 2012

ions, or stress corrosion).

Examination of the events shows that the causes of corrosion mechanisms are highly diverse. Given the number of
events and the information available in the significant event reports, it is not possible to give a precise hierarchy
of causes. Nevertheless, it can be noted that a significant proportion of events correspond to poor choices of
equipment materials in design phase (with regard to
type, thickness etc.). Corrosion can manifest quickly if
the material used is unsuitable for the corrosive
substances present. This was the case for the event

In July 2012, a leak was found in the carbon steel
pipes supplying compressed air to the bubbler tubes
used

for

measuring

density

and

level

in

an

evaporator on a "recent" research-type basic nuclear

briefly described in the inset, for example. For another

facility. These pipes had not withstood corrosion

notable proportion, the corrosion mechanisms initiating

caused by the nitric acid solution used to clean the

the

evaporator between evaporation campaigns.

events

result

from

inadequate

preventive

maintenance of equipment and, in certain cases, inappropriate corrective maintenance (e.g. use of spare parts not
suitable for corrosive atmospheres). Finally, inappropriate operating conditions can also underlie corrosion
phenomena (for example, unsuitable packaging of waste inside drums).
IRSN considers that one area for improvement of safety in basic nuclear facilities other than PWRs would be to
better take account of corrosion mechanisms, and ageing mechanisms in general, in the design and operation
of equipment involved in the confinement of radioactive substances. This requires detailed analysis of such
mechanisms and the specification of "robust" provisions, based in the defence-in-depth concept, aiming to prevent
predictable failures, detect any abnormal event and mitigate its consequences. In this respect, IRSN highlights the
importance of preventive maintenance programmes and periodic inspections of equipment in facilities, which are
an essential part of licensees’ work to prevent ageing problems. IRSN also considers that licensees must make use
of the periodic safety reviews required under today’s regulations to ensure the adequacy of the provisions adopted
with regard to ageing mechanisms.

Organisational and human factors
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Analysis of organisational and human factors shows that
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This largest proportion of organisational malfunctions applies to events concerning both static confinement
"barriers" and ventilation systems. Analysis also shows that failures involving monitoring systems were the second
most important cause of events related to static confinement "barriers", while failures in the knowledge and
understanding of the facilities were the second most important cause of organisational failures for ventilation
systems. This distribution is consistent with the fact that events caused by equipment failure associated with an
ageing mechanism – which often result from failures of monitoring systems or equipment maintenance – mainly
involve systems that contribute to static confinement.
IRSN considers that the information available in the event reports submitted by licensees on the subject of
organisational failures that caused events is usually insufficient to identify more specific issues than those cited
above in a broad-ranging analysis.
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EVENTS RELATED TO RISKS OF EXPOSURE TO IONISING RADIATION
Approximately 70 events related to risks of workers' internal or external exposure to ionising radiation were
reported to ASN in 2011 and 2012. This number is similar to that observed in 2009 and 2010. Risks of external
exposure to ionising radiation are associated with radioactive sources outside the body and risks of internal
exposure result from radioactive substances that enter the body via inhalation, ingestion or cuts.

Thirteen events led to external exposure of one
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protection (operational dosimetry, mobile measurement
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Three significant events reported to ASN led to an accidental internal exposure of several monitored workers
with an effective dose of more than 1 mSv. The highest individual dose was less than a quarter of the statutory
limit of 20 mSv in a year.
All occurrences of internal exposure in 2011 or 2012
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While the number of internal contamination events that occurred in 2011 and 2012 was very small, as were the
resulting consequences, a resurgence of this type of event was seen in early 2013, in particular due to inadequate
preparation for interventions and interventions conditions that complicated the tasks for workers. This experience
feedback serves to emphasise the attention that licensees must pay to the preparatory phase of interventions
(maintenance, clean-up or decommissioning work) in contaminated environments, in order to adopt the most
appropriate protective measures given the risks identified. Special attention should be paid to factors that
promote the smooth running of such operations, such as testing the radiological conditions before the
intervention, checks during the intervention to detect any changes in the radiological conditions, and informing
workers about the associated risks and countermeasures, and about work performance conditions (such as work
area space requirements and regular waste removal).
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Analysis of various types of event related to risks of internal or external exposure to ionising radiation led to the
following IRSN observations.
Slightly over 20% of all these events were reported by licensees with reference to the "radiological
cleanliness" of their facilities. Such events involved surface contamination of various origins for which no generic
aspect was identified. It should be noted that this type of event has significantly declined compared with 2009 and
2010, but the reasons for this decrease are not known at this stage.
Approximately 15% of all events involved radioactive sources. The number of events of this type is stable with
respect to the period 2009-2010. The nature of events that occurred in 2011 and 2012 is similar to the events of
previous years, mainly involving the unexpected discovery of low-level sources not included in the inventories held
by licensees. This type of event mainly has organisational or human causes. Experience feedback shows that
licensees must continue to pay particular attention to the management of radiological sources.
Approximately 15 % of all events involved non-

source

Effective dose

compliances in the definition or implementation of
radiological zoning (such as classification or marking
errors) or in access conditions to controlled areas.
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observed during 2009-2010.

CONTROLLED AREA

SUPERVISED AREA

PUBLIC AREA

The majority of events reported involved failures to comply with access conditions for the controlled areas. As for
previous years, the causes of these deviations are mainly organisational and human factors.
Several events that occurred during gamma radiography
Gamma radiography is used for non-destructive
testing of welds using gamma radiation or X-

should be noted. These operations present a radiation risk

rays. This radiography is performed using

due to the use of high dose rate sources. Accidents leading

mobile devices containing a sealed radioactive

to significant overexposure generally result from a person

source (generally iridium-192, cobalt-60 or

crossing a warning marker near a source and the source

caesium-137). The operating zone associated
with radiography is a radiation-controlled area
as defined in the French Labour Code. It is a

being in its operating position at the time of this crossing.
Events reported in 2011 and 2012 related to deviations

work space, reserved for and under the control

concerning gamma radiography operating areas and, in

of radiography operators, in which access

particular, non-compliant marking. IRSN considers that the

restrictions apply.

recurrence of this type of event, which is also observed in
nuclear

power

plants

where

similar

operations

are

performed, highlights the special attention that licensees must pay to provisions to adopt with regard to worker
access to gamma radiography zones (such as the use of suitable warning signage and checks to verify that warning
signage is in place during gamma radiography) and with regard to staff training.
Approximately 15% of all events were related to protection systems and collective or personal monitoring
systems. Half of these events involved failure to comply with monitoring rules for the exposure of monitored
workers. The majority of these involved non-compliances concerning the wearing of dosimeters in restricted
access areas (passive dosimeters, operational dosimeters). The most striking event, which occurred in 2012, was a
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worker who entered a "red" radiation-controlled area without wearing a passive and operational dosimeter. These
failures to comply with the monitoring rules for the exposure of monitored workers have increased in
comparison with previous years, an increase that seems to have continued in 2013. In a significant number of
cases, the failure to wear a dosimeter was detected by a third party; this is a sign of inadequacy in the provisions
for operators to check for the presence of dosimeters before worker access to radiation-controlled areas. IRSN
does not have a confirmed explanation of the reasons for this increase. At this stage, it might be assumed that it
reflects licensees' increased vigilance and better reporting of deviations. IRSN considers that these events highlight
the special attention that licensees must pay to access provisions for radiation-controlled areas, which must
ensure that worker compliance with radiation protection rules.

EVENTS RELATED TO CRITICALITY RISKS
Thirty events related to criticality risks were reported to
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Approximately 75% of these events led to actually exceeding
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in the demonstration of sub-criticality in the safety
documents, which take into account analysis of various abnormal situations. Nevertheless, IRSN considers the
fact that a large proportion of events related to criticality risks involve the control mode "control by mass of
fissile material" shows that licensees need to pay special attention to ensuring their operating provisions and
practices at their facility reflect the safety requirements laid out in the safety documents (such as by
specifying the requirements in operating documents and ensuring that workers know the requirements). This
attention is especially important for operations that were not envisaged at the time of facility design
(modifications and "one-off" operations).
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The risk of criticality
The risk of criticality is the risk of an uncontrolled nuclear chain reaction developing inside materials
containing fissile atoms (uranium or plutonium). In particular, chain reactions lead to very high gamma-ray
and neutron emissions which can cause severe, or even lethal, irradiation of any people in the vicinity of the
equipment involved. In a basic nuclear facility, control of criticality risks consists of maintaining a sub-critical
configuration with adequate margins with respect to conditions that could lead to a chain reaction (for more
detailed information on these risks, please refer to the guide "Nuclear criticality risks and their prevention in
plants and laboratories" on the IRSN website).
The analytical approach to criticality risks consists of adopting the most appropriate criticality control
mode(s). Criticality control refers to any means used to ensure that a functional unit of a basic nuclear
facility (such as a glove box) remains in a sub-critical state, defined by an upper limit on one or more of the
following parameters: the mass of fissile material, the size and shape (geometry) of the equipment containing
the fissile material, the concentration of fissile material in solutions, and the proportion of hydrogen-bearing
materials in products that are dry or contain only low levels of moisture. In general, the control mode adopted
depends on the process at work in a facility, the size of the facility and the need to limit operating
constraints. Once a criticality control mode has been defined, suitable means of inspection must be
implemented to ensure compliance with the limits for parameters associated with the control mode (e.g.
weighing operations for control by mass, or chemical analyses for control by concentration).

It should be noted that there was no event involving the accumulation of fissile material in a functional unit (e.g.
glove box) caused by a failure in monitoring the masses of fissile material. Several events of this type did occur in
2009 and 2010 on LUDD-type facilities, including the event of 6 October 2009 at the ATPu facility (see the
description in the earlier public report). Given that this event could be relevant to other facilities, ASN asked all
licensees running basic nuclear facilities to verify that there was no accumulation of fissile material at
workstations that use the "control by mass" control mode and to detail provisions to prevent, detect or limit any
accumulation of fissile material. To meet this request, the relevant licensees analysed the adequacy of the
principles and practices implemented with regard to any accumulations in their facilities. In certain cases, this led
to improvements, such as formalising good practices or regularly performing appropriate checks to detect any
accumulations. The fact that there was no fissile matter accumulation event in 2011 and 2012 could be attributed
to the attention that licensees paid to the experience feedback from the event that occurred at the ATPu facility.
However, IRSN stresses the importance of licensees remaining highly vigilant with regard to compliance with
the provisions for the management and monitoring of fissile material in their facilities, both in terms of
operating practices (regular cleaning of units) and technical provisions (monitoring, measurements), in order
to ensure that any accumulations of fissile material in the units of their facilities are dealt with.
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Of the events reported in 2011 and 2012, 20% were
associated with the control mode "control by limiting the
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the moderation of fissile material" as is paid to interventions where the control mode "control by mass of
fissile material" is used.
In 2011 and 2012, 17% of events reported related to the control mode "control by geometry", an increase in
this type of event compared with previous years. The vast majority of these events took place at FBFC facilities
and involved failures to comply with requirements associated with the storage conditions for fissile materials, such
as positioning errors for equipment containing fissile materials (such as canisters).
In 2011 and 2012, 13% of reported events involved the criticality detection and alarm system. These were
various types of false alarms or operating faults following interventions (such as periodic inspections or tests, or
maintenance) on equipment in these systems. These events serve as a reminder that tests and interventions on
equipment must be very carefully prepared and monitored, in particular to ensure that the equipment is working
properly after the intervention.
With regard to the distribution of events related to criticality risks by basic nuclear facility type, IRSN notes
that these events mainly occurred at fuel-cycle facilities, as was the case in previous years. It should be noted
that half the events involved the two FBFC fuel-fabrication facilities located in Romans-sur-Isère.
The vast majority of events that occurred at the FBFC facilities were caused by organisational or human failures.
In particular, these events have highlighted problems in the way work is organised (e.g. with regard to activity
supervision), inadequacies regarding operating documentation (e.g. lack of documents or incomplete documents)
and poor knowledge of the rules among workers. Such failures were notably the cause of the event that occurred
on the 24 September 2012, which ASN classified as Level 2 on the INES scale, and which is described later in this
report. The licensee FBFC has consequently launched an improvement plan to prevent criticality risks at its basic
nuclear facilities, similar to that implemented at the MELOX facility following the various events related to
criticality risks that occurred in 2007 and 2008. This plan is based on an approach that consists, in particular, of indepth research to identify situations and their associated causes that could lead to an event related to criticality
risks (such as equipment failure, human error, or situations not foreseen in the safety documentation). IRSN
considers that the work undertaken by the licensee running the FBFC facilities was indeed necessary as part
of the drive to improve the safety of these facilities. IRSN considers it important that this approach is pursued
with all necessary rigour, so that the licensee can implement the most appropriate provisions. In the context
of its role in providing expert opinion on the safety of basic nuclear facilities, IRSN will monitor the actions
taken by the licensee that operates the FBFC facilities.
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Finally, overall analysis of the causes of events related to criticality risks shows that these are of a very similar
nature to those occurring in 2005-2010, i.e. around 30% primarily due to design faults or equipment failures. The
main cause of events related to criticality risks therefore remains associated with organisational and human
factors (such as inadequate operating documents, failure to follow procedures, or confusions in equipment
identification). In particular, IRSN notes that a significant proportion of organisational and human failures are
found in events that occurred during operations that were "one-off" or unforeseen at the time of facility design,
requiring special procedures to be implemented. IRSN considers that these observations again confirm the careful
attention which must be paid to the organisational provisions that govern operations, to the provisions for
supporting workers in their knowledge of the procedures, and to regular checks on this knowledge and the
application of procedures, in particular when such procedures are "new".

EVENTS RELATED TO FIRE AND EXPLOSION RISKS
The number of significant events related to fire risks

25

occurring on basic nuclear facilities other than PWRs has

20

been essentially stable since 2009; between 15 and 20

15

events

were

reported

by

licensees

each

year.

10
5

Approximately 30% of events that occurred in 2011 and

0

2012 involved actual outbreaks of fire or overheating

2009

2010

2011

2012

Nombreofd'événements
significatifs
"incendie"
Number
fire-related significant
events

incidents that led to smoke being released.

Number
or smoke released
Nombreofdeevents
départwith
de fire
feu outbreak
ou de dégagement
de fumées

Number of fire-related events from 2009 to2012
None of the events that occurred in 2011 and 2012 led to the development of a major fire. The small number
of fires reported were all quickly brought under control and did not lead to any consequences for workers or the
environment.
No strong trend was identified as to the causes of the fire outbreaks or smoke releases reported over the last two
years. The events that occurred in 2011 and 2012 were very diverse and affected all types of basic nuclear facility.
They included several outbreaks of fire associated with hot work, various equipment overheating incidents (of
mechanical or electrical origin), two ignitions of pyrophoric materials and two outbreaks of fire following
explosions.
The annual number of fire outbreaks resulting from hot work has been low since 2009. In the vast majority of
cases, these events result from insufficient preparation for work, in particular associated with a poor
understanding of the risks in the context of the prior risk assessment. For example, one fire outbreak occurred in
an old facility in June 2011 during work to cut a pipe for which the risks associated with flammable materials
located nearby had not been identified. IRSN considers that these events, along with others that occurred in early
2013 in facilities under clean-up or decommissioning, highlight the attention that must be paid to the preparatory
phase of this work, for which licensees must implement adequate means to properly identify possible fire-outbreak
risks (e.g. through risk assessment and thorough site inspection) and to define the most suitable protection
measures. In this regard, experience feedback provides a reminder of the importance of proper application of the
defence-in-depth approach in the selection of protective measures, which must take into consideration the fact
that risk prevention measures may fail, or that risks have been inadequately or inaccurately identified,
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particularly at old facilities where there is a risk that information has been lost (for example due to traceability
failures).
IRSN also stresses the importance of protection systems, which must be suitable for the planned work (e.g. cutting
techniques), whether in terms of their performance or ease of use by workers. IRSN notes the research efforts
undertaken on the subject by certain licensees that are particularly involved in decommissioning work (such as
new protective materials and spark arrestors). IRSN considers that such efforts are essential to continue to
progress in the management of fire risks during interventions, in particular in a context of the foreseeable increase
in clean-up and decommissioning work over coming years.
Approximately 40% of events related to fire risks that occurred
in 2011 and 2012 involved malfunctions of fire protection
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fire-detection systems or alarm transmission systems. These events
had similar, potentially generic, causes, in particular poor usability of the human-machine interface on the
systems used for disabling and re-enabling operations on the fire-detection system. In May 2012, following the
issue of an IRSN report on an event of this type, ASN asked all licensees that operate basic nuclear facilities to
learn lessons from these events, and in particular to check the adequacy of provisions for performing the
aforementioned operations on their facilities. Renovations of fire detections systems are planned at certain
facilities, which should limit the risks of inadvertent disabling. However, IRSN considers that whatever systems are
installed, organisational provisions (such as patrol rounds and periodic checks) are necessary to quickly detect
omissions or errors during the performance of these operations.
Furthermore, experience feedback from other events with prolonged loss of fire detection or alarm transmission
systems, and other events that led to the malfunction of devices that contribute to fire compartmentation (in
particular the non-closure of fire dampers installed in ventilation ducts) highlights inadequacies in the operational
inspection of these devices, particularly following work or interventions. IRSN considers that these events are a
reminder of the care that most be taken at this checking phase, which must be systematic whenever it involves
safety-related equipment.
With regard to malfunctions of fire-fighting systems that occurred in 2011 and 2012 (10% of all events related
to fire risks), no trend was identified as to the causes of these diverse events. However, one event should be
highlighted due to its generic nature. This was the partial blockage of the sprinkler systems in the storage areas of
a workshop on the AREVA NC site at La Hague, which would have reduced their efficiency in the event of fire. A
detailed description of this event is given later in this report. In February 2012, IRSN sent ASN a report on this
event, in particular suggesting that licensees running basic nuclear facility be asked to learn lessons from this
event. In February 2012, ASN forwarded this request to all licensees.
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Approximately 30% of events related to fire risks that occurred in 2011 and 2012 involved failure to comply
with operating rules. The annual number of events of this type is essentially the same as for the two previous
years. It should be noted that approximately two-thirds of them were related to delayed performance of periodic
inspections and tests, or incomplete performance of such inspections and tests on fire-protection systems. A crossdisciplinary analysis of this type of event is given later in this report.

Two explosions occurred in 2011 and 2012 on basic nuclear facilities other than PWRs. The event that led to
the most serious consequences was the explosion that occurred on 12 September 2011 at the CENTRACO facility
for the treatment and conditioning of low-level and very-low-level radioactive waste. This explosion happened in
a furnace used to melt metal waste. It caused one fatality and four injuries, one serious. This accident did not
lead to any radiological consequences for people or the environment. The melting unit, which was shut down
following the explosion, has not restarted. The judicial investigation opened following the accident is still
underway.
In February 2012, an alcohol vapour explosion ignited by a static
electricity discharge occurred in a glove box at a research facility.
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performed showed that alcohol, which had been banned following a similar explosion that occurred in 2001 at the
same facility, had come back into use from 2009 due to unavailability of the non-flammable replacement product.
IRSN considers that the experience feedback from this event is a reminder that operations that are "ancillary" to
normal operations (e.g. decontamination and clean-up) are not without danger and may present risks that must
also be dealt with. It is essential that the preparation for such operations correctly incorporates lessons learned
from any available experience feedback, to determine the protective measures to be adopted (such as use of nonflammable products wherever possible, or using inert gases to ventilate the glove box).

EVENTS RELATED TO RISKS ASSOCIATED WITH HANDLING OPERATIONS
A notable increase in the number of significant events
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With regard to the increase in the number of events, IRSN notes the following main points:
the increase in the number of events at the La Hague site in 2009-2010 (7 events) compared with the previous
four years (9 events in total) continued in 2011 (8 events), then the trend reversed in 2012 (3 events). The
events in 2011 and 2012 involved operations associated with process activities, in particular due to failures of
the handling equipment control systems and to inappropriate use of operating modes other than the automatic
operating mode used under normal operation. IRSN analysed the experience feedback from these events in the
context of the safety review for the UP3-A plant at the La Hague site. IRSN examined the review report and,
in June 2013, IRSN conclusions were presented to the Advisory Committee for Laboratories and Plants (GPU)
reporting to the Director General of ASN. IRSN considers that the licensee should put forward an action plan
aiming to characterise situations that require the use of operating modes other than automatic mode, in order
to identify recurring situations and areas for improvement. In its Recommendation, the Advisory Committee
agreed with the IRSN position and recommended that the licensee should ensure safety management during
operations that require switching in and out of automatic mode, and should where necessary implement
additional provisions (the IRSN summary report on experience feedback from the UP3-A plant at the La Hague
site, the corresponding GPU Recommendation and the position of ASN can be consulted (in French) on the
IRSN Website: http://www.irsn.fr/FR/expertise/rapports_gp/gp-usines/Pages/Synthese-rapport-IRSN-retourexperience-UP3-A-areva.aspx)
an increase in the number of events occurring on research-type facilities operated by the French Atomic
Energy Commission (CEA) was observed for the period 2011-2012 (9 events) compared with 2009-2010 (4
events in total). The events that occurred in 2011 and 2012 mainly involved radioactive waste storage
facilities where waste drums and packages are handled with a view to their storage or retrieval. Following
IRSN analysis of several events that occurred at basic nuclear facilities of this type, which led to the
uncrimping of waste-drum covers during their handling, ASN asked CEA that the provisions adopted for the
handling of these drums be reviewed in the light of the available experience feedback from handling
operations performed on its other facilities;
five events were reported in 2011-2012 for the Tricastin site, whereas only two events had occurred during
the two previous years (none in 2010). The reports for these events all point to a human or organisational
cause, in some cases in combination with a technical cause. IRSN notes than some of these events are
analogous (in terms of the type of handling equipment used or type of operation performed) with older events
that occurred on this site and for which the licensee had taken corrective measures. IRSN considers that this
highlights the fact that, in parallel with the implementation of preventive provisions of a technical nature
(e.g. improving the reliability of handling equipment or applying restrictions to the movement of loads) and
mitigating the consequences (e.g. limiting the height at which loads are handled, or adapting the design of
structures that may be at risk of damage from load drops), licensees must continue efforts with regard to the
preparation of these operations, in order to determine the associated risks and plan provisions to mitigate the
consequences.
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During 2011 and 2012, two notable events occurred with handling cranes, one on a facility at the CEA Cadarache
site, the other at the RHF reactor operated by Institut Laue-Langevin (ILL) in Grenoble.
The event that occurred on 18 July 2012
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supervision of subcontracted activities.
The event that occurred on 5 March 2012 at the Pégase facility on the CEA Cadarache site, led to the one of
the hoists from a bridge crane falling several metres into the storage pool for used fuel assemblies. The analysis
performed brought to light inadequacies in the crane's periodic inspections and maintenance, which could be
generic to all basic nuclear facilities that use similar handling equipment. A detailed description of this event is
given later in this report.
Overall analysis of all events associated with handling that occurred in 2011 and 2012 shows that these events all
happened during operations habitually performed on the facilities (normal operation, maintenance or
desmantling). They involved handling equipment normally used during these operations.
Approximately 50% of events associated with handling involved actual load drops (in particular of radioactive
waste drums or packages) or involved handling equipment itself falling. These drops had minor consequences for
the loads handled, without significant radiological impact on workers or the environment.
Approximately 20% of events involved failure to comply with safety requirements, such as exceeding the lifting
capacities of handling equipment or failure to comply with the frequency of statutory inspections on such
equipment. The remaining 30% of events are very diverse in nature, including, in particular, equipment damage
without load drop during handling operations or equipment malfunction during such operations.
On the basis of the information given in event reports, it would appear that in only approximately 20% of cases
are handling equipment technical failures the main cause of events. These failures involve, in particular, load
gripping systems or control-related systems on the handling equipment (such as software bugs or sensor faults).
The vast majority of events reveal organisational or human failures. In approximately 30% of events, the
reports describe equipment failures resulting from organisational failure (equipment failures associated with
ageing phenomena due to improper maintenance or an inappropriate inspection). In 50% of events, the licensees
only describe human or organisational failures, mainly associated with insufficient preparation for handling
operations (e.g. no prior site visit), inappropriate use of handling equipment (such as use of equipment outside its
authorised scope, an ill thought-out change of normal automatic mode for the equipment used, or failure to
correctly operate equipment that is complex to use) or non-compliance with safety requirements.
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IRSN stresses that these observations are very similar to those made regarding the events that occurred during the
period 2005-2010. In this respect, IRSN notes that experience feedback highlights the need for licensees to
strengthen provisions in this area, in particular concerning preparation for handling operations and
supervision of such operations. Experience feedback also highlights the importance of periodic inspections and
tests, which must be appropriate and adequate, in order to check the correct operation of handling equipment,
and of maintenance to prevent failures caused by ageing mechanisms in particular.

EVENTS RELATED TO RISKS OF LOSS OF ELECTRICAL POWER OR FLUIDS
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supplies thus vary from one facility to another.
The annual number of events related to electrical power or fluid supply equipment has generally been stable for
several years. Around fifteen events are reported to ASN each year, of which the vast majority involve electrical
power supplies. A large proportion of these events led to the partial or total loss of electrical power supply to the
basic nuclear facilities.
Loss of power supply is mainly due to failure of electrical components (for example due to short circuits or ageing)
or may be associated with external hazards (especially thunderstorms). In 2011 and 2012, these losses of electrical
power supply led, as in previous years, to failure of ventilation systems or of the means for radiological monitoring
or control on the facilities. However, these events did not lead to any consequence for the safety of basic nuclear
facilities, since the means provided to mitigate failure of the normal electrical power supply (in particular, diesel
generators) operated correctly.
Furthermore, it should be noted that the handful of events involving loss of water supply observed in 2012 were
associated with the cold period in February 2012, which led to the freezing of equipment on the systems supplying
facilities at the Tricastin site.
In IRSN’s view, this experience feedback suggests that licensees must continue their efforts to prevent loss of
electrical power and fluid supplies at their facilities, maintain the corresponding equipment in a good state of
repair and ensure the adequacy of provisions planned for managing deteriorated situations (accident procedures).
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EVENTS RELATED TO RISKS FROM EXTERNAL HAZARDS
Risks from external hazards include risks associated with human activities (e.g. risks associated with nearby
facilities, transport of hazardous materials near the facilities, aircraft crash) and risks of natural origin (e.g.
earthquakes, flooding, weather conditions).
Over the last few years, no more than ten significant events have been reported to ASN each year with an external
cause associated with meteorological events (thunderstorm, lightning, cold, freezing, rain, flooding or wind).
While the low number of events makes it
difficult to identify trends, it would seem that
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The rainfall event of November 2011 in the south-east of France mainly affected the CEA Cadarache site and
the Pierrelatte site. On Saturday 5 and Sunday 6 November 2011, the CEA Cadarache site was affected by a
major rainfall event that led to a rapid rise of the groundwater table. More than 220 mm of rain fell in 72 hours
(mean annual rainfall is approximately 700 mm), precipitation of a level above that of the "hundred-year"
rainfall event. With the ground saturated, the water table rose over 20 metres in a few hours. This led to
water ingress into certain basements of nuclear facilities, where water was found to be present.
The method for assessing the extreme levels of the water table used in 2007, which led to the definition of a
"hundred-year" rainfall event, was based on statistical analysis of major floods in the past. Since this study, CEA
has had two major rainfall events: in December 2008, after which an initial experience feedback report was
produced, and that of November 2011 cited above. Following this most recent event, ASN has asked CEA to
update the reference hazard adopted for a groundwater rise.

IRSN considers that experience feedback from the periods of intense rain and extreme cold demonstrates the
attention that licensees must pay to the suitability and adequacy of technical and organisational provisions (such
as "extreme cold" procedures) that aim to prevent, detect or mitigate the consequences of unusual meteorological
conditions. More generally, IRSN stresses the care that should also be taken in the definition of hazard levels for
weather events (such as cold, heatwave, rain, snow or strong winds) in the safety demonstrations for their
facilities and in the identification of which equipment at these facilities could be affected.
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SIGNIFICANT EVENTS RELATED TO THE ENVIRONMENT THAT HAVE A RADIOLOGICAL COMPONENT
The number of significant events related to the environment
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IRSN has not yet identified the reasons for the increase observed in 2012. It could possibly
be explained by better
detection and reporting of this type of event by licensees. IRSN will specifically monitor this type of events to
check whether the observed trend continues and to alert ASN in the event of adverse trends that could indicate a
deterioration in safety.
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particular, during interventions such as maintenance. The
main design faults observed, similar to those noted in previous years, are associated with:
common mode failures affecting measurement equipment providing the same function, in particular of
electrical supply and I&C components, which can lead to temporary loss of continuous discharge
monitoring;
radionuclide measurement equipment that is inappropriate for the monitoring specified in the discharge
permit;
insufficient knowledge or observance of the requirements specified in the discharge permit.
IRSN considers that these events highlight the attention that every licensee must pay to the suitability of the
technical provisions for monitoring discharges from its facility, in order to comply with all requirements specified
in the corresponding permits.
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Several events that occurred during 2012 brought to light, or roused suspicions of, the existence of
unrepresentative measurements of radioactive gaseous effluents. If such measurements were to lead to
underestimation of gaseous discharges, such deviations could delay the detection of abnormal releases of
radioactive effluents. In some cases, these events resulted from design faults on the measurement equipment
installed in the stacks or from unsuitable or inadequate operating provisions that could lead to incorrect
measurements. Given the potentially generic nature of this type of event, ASN asked, in October 2012, all
licensees operating basic nuclear facilities to check that the sampling points were correctly positioned and that
the provisions adopted on their facilities were adequate, to ensure that the representativeness of the
measurements taken is maintained over time.
Approximately 30% of events that occurred in 2011 and 2012 involved non-compliance with the limits
specified in the permits for radioactive effluent discharge from basic nuclear facilities. These events had
negligible radiological consequences for the public and the environment. The number of events of this type was
slightly higher than in the two previous years, and several types of registered nuclear facility were involved.
Approximately two-thirds of these events related to radioactive gas releases (in particular tritium or carbon-14)
and one-third involved liquid effluent discharges. IRSN has not identified a generic cause for these events, the
great majority of which were closely linked to the processes or activities performed at the relevant facilities
(which were mainly non-fuel-cycle facilities or research-type facilities).
Approximately 15% of events involved non-compliance with the provisions described in the "waste reports" for
the basic nuclear facility or site, which led to the transfer of "radioactive waste" into a "conventional waste"
route. The number of events of this type is essentially stable compared with the previous two years. The small
number of events reported means that generic lessons cannot be drawn. Nevertheless, these events demonstrate
the importance that licensees must place on provisions that limit the risk of errors concerning waste disposal
routes (through formal organisational processes, training workers on the rules to apply, and by checking that no
radioactivity has been added to conventional waste, particularly through maintenance or desmantling work,
especially at "older" facilities).

EVENTS RELATED TO PERIODIC INSPECTIONS AND TESTS
Periodic inspections and tests are performed while
facilities are operating to verify the availability

17%

and correct operation of safety-related equipment.
The nature and frequencies of periodic inspections
and tests are specified in the facilities' safety
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of

facilities,
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inspections and tests contribute to ensuring that a
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unsuitable inspection
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the associated safety requirements.
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For 2011 and 2012, IRSN found approximately 40 events per year that constitute deviations with respect to
periodic inspection and testing requirements, representing approximately 20% of all events. The number of
such deviations has remained relatively stable over the last five years.
Events related to periodic inspections and tests involved the following types of deviation:
the inspection result does not comply with expected result. In this case, the deviation is reported to ASN
and the equipment in question is repaired or replaced by the licensee. Deviations of this type – as signs of
an non-anticipated anomaly – may lead the licensee to reconsider the frequency of inspections or to
question the maintenance processes applied to the equipment;
the inspection performed is found to be inappropriate for what it is supposed to check: for example,
certain periodic inspections and tests must be performed under specific conditions in order to be
representative. Failure to comply with these conditions may make the inspection unsuitable, which must be
reported to ASN when the licensee detects the error. These failures are often a result of design faults or
operating practices that have drifted over time;
non-compliance with frequency: the frequency of an inspection, specified in the safety documents, is
restated in the related operating documents. For any given piece of equipment, the frequency depends on
the intrinsic characteristics of the equipment (reliability data), its conditions of use (such as loads, wear
and ageing) and the safety function it provides.
Over half the events related to periodic inspections and
tests reported in 2011 and 2012 involved failure to
comply with the required frequency. These events
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rigorous application of the reporting criteria for significant
events at these facilities. The number of such events has been constantly increasing over recent years, although
this number is small compared with the total number of periodic inspections and tests performed each year at
these facilities. It should be stressed that a significant proportion of reported events of this type results from
deviations that ASN has reclassified as significant events following inspections of the facilities.
Furthermore, in most cases, the periodic inspections and tests that were performed "late" proved to be
satisfactory, which could lead licensees to minimise the significance of these events. However, these events often
stem from organisational failures that could affect other aspects of operation and maintenance:
failures associated with processes and procedures: correct performance of periodic inspections and tests
entails both management-related requirements (such as scheduling inspections at the required dates, and the
management and traceability of interventions) and technical requirements (such as the conditions required on
the facility to perform the inspections, and performance procedures). Certain events revealed failures
associated with the definition of these processes and procedures, the feasibility of their application under real
conditions, and also the understanding workers have of these processes and procedures. Among the processes
involved, those related to modifications to the facilities are particularly sensitive. Indeed, knowledge of the
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state of a facility depends on traceability provisions and the sharing of written information, and experience
feedback shows that these aspects are not always correctly implemented.
failures associated with information systems: periodic inspections and tests are generally planned using
Computerised Maintenance Management System (CMMS) software. The failures observed are varied, with
issues such as poor usability, incorrect data entry or obsolescence of initial data, inconsistency between the
data and technical reference documents, or no alert function;
failures associated with work organisation, definition of workers responsibilities, and cooperation
between workers: these difficulties involve task scheduling, resource allocation (suitable match between the
tasks, human resources and time), and managing interfaces between two bodies involved in a periodic
inspection or test, in particular bodies responsible for scheduling and those responsible for performance.
Furthermore, many periodic inspections and tests are subcontracted (performance or scheduling). Events
frequently bring to light problems of service provider access to information, or reporting from subcontractor
to licensee;
difficulties in managing the design and operation reference documentation: some of the frequency
deviations highlighted an inadequate managing of the technical rules that govern the definition and
performance of periodic inspections and tests. Updates to these documents (such as mechanical drawings,
technical specifications, or general operating rules), their inconsistency with the real state of the facility (in
particular after modifications) and the level of knowledge that workers have of their contents are often the
cause of non-compliance with the frequency of periodic inspections and tests.

The event of June 2012 at the CEA Cadarache site
In late 2011, ASN pointed out a number of failures pertaining to periodic inspections and tests in facilities at the
Cadarache site. In the context of a generic action to improve management of periodic inspections and tests, the
site management asked the facilities to perform diagnostics on compliance with the performance of the periodic
inspections and tests specified in the safety documents. This review led to checks concerning several thousand
periodic inspections and tests (compliance with frequencies, performance of inspections, and traceability of
results) and revealed approximately 90 non-compliances, each of which could have required a significant event
report to ASN.
Analysis of the deviations detected revealed causes specific to each facility as well as generic causes affecting
the management of periodic inspections and tests by the site's technical support units and the management of
interfaces between these units and the facilities at the site. This had, for example, led to delays in the
communication of deviations observed during inspections performed by support unit service providers. In the
other direction, modifications to equipment and new equipment items had not been integrated into the list of
equipment to be managed by the support units. The licensee also mentioned management software as a source of
difficulties.
In IRSN’s view, this demonstrates the existence of difficulties in the management of safety documentation,
management of subcontracted activities, tracking of modifications, and knowledge of the actual state of the
facilities.
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Analysis shows that approximately 40% of non-compliances with the frequency of periodic inspections and
tests are associated with difficulties in mastering the reference documents. Furthermore, a large number of
events in this category come from deviations that ASN reclassified as significant events following inspections. IRSN
deems it essential that licensees implement actions that aim to improve mastering of the reference
documentation for their facilities, in particular the safety documents on which the safety demonstration is based.
In this respect, IRSN notes that the analysis presented by licensees in the significant event reports is often limited
to the initial causes of frequency non-compliance. It is therefore unusual to find corrective actions that aim to
remedy the underlying organisational failures cited above,
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Particular care should be taken in this area throughout
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the service life of the facilities (e.g. commissioning,
during safety reviews) and in a more opportunistic way when a frequency non-compliance event is reported,
in order to ensure the relevance of the planned periodic inspections and tests, both in technical terms and
with respect to the operating provisions (such as work organisation, process management, traceability
provisions, and management software).

ANALYSIS OF THE CAUSES OF EVENTS
The analysis below aims to highlight the main changes observed concerning the causes of significant events. As
with the cross-disciplinary analysis of events, this analysis is highly dependent on the information provided in the
event reports, in particular with respect to root causes.
On the basis of information available to IRSN, it would appear that failures attributable to human and
organisational factors form a dominant proportion of the significant events detected by licensees and reported in
2011 and 2012. However, IRSN has observed a rise in the number of events for which a technical fault is stated in
the reports as being the main cause.
Indeed, it would appear that the proportion of equipment failures presented as the main origin of events was
higher in 2012 than any other year during the period 2005-2012. Analysis of this increase shows that these
equipment failures primarily involved equipment involved in managing the risk of the spread of radioactive
substances (in particular static confinement "barriers") and I&C equipment (such as sensors or control valves).
However the analysis did not identify any equipment more commonly affected by such failures. Neither has IRSN
observed a significant change in the nature of these failures compared with 2009 and 2010.
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As for the period 2009-2010, ageing mechanisms associated
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to be associated with such mechanisms, at least in part. This

2011-2012

confirms the observation made in the two previous reports
concerning LUDD-type basic nuclear facilities. IRSN considered that a major area for improvement of the safety
of these facilities lies in licensees better taking into consideration ageing mechanisms affecting the equipment
in their facilities.

With respect to the organisational and human aspects of the significant events reported to ASN, no particular
change has been brought to light; generally, 2011 and 2012 seem to show continuity with previous years. The
observations made in the previous report are confirmed, namely that the main failures are:
faults associated with documentation (in particular, unsuitable or inadequate documents);
inadequacies in the preparation for activities or in the risk assessments prior to performing activities, in
particular with regard to interventions (such as works or maintenance);
various organisational failures, in particular concerning task scheduling and organisation (within a team or
between different teams), supervision of operations, or management and oversight of external companies;
unintentional or deliberate breaches of rules or requirements, whose root causes are not extensively
analysed in the reports.
In general, the event reports very rarely provide an analysis of the root causes of these failures. For example, this
is the case for failures concerning documentation (such as inadequate procedures) for which deficiencies in the
document management process are rarely mentioned. The same applies to ergonomic issues, which are rarely
highlighted and analysed even though they sometimes date from initial design or from old modifications whose
effects were compensated for by undocumented operating practices, the memory of which has been lost due to
staff turnover.
Due to the importance of organisational and human aspects related to the operation of basic nuclear facilities,
IRSN considers that a source for improving safety lies in a clearer determination of the underlying causes of
the observed failures for events reported to ASN. A detailed understanding of the organisational and technical
aspects and their interactions during operation is a vital step if relevant corrective actions are to be defined.

IRSN/DG Report 2013-00006
©2013IRSN-all rights reserved

43

EVENTS AND INCIDENTS
This chapter presents a selection of six events in 2011 and 2012 that the IRSN considers
very instructive in terms of safety lessons for facilities other than PWRs.
The industrial process of certain fuel cycle facilities is highly automated. Operating
feedback from these facilities underscores failures during the use of manual modes that
were intended for problems during normal operation of process equipment in automatic
mode. As an example, the IRSN presents an event of this type which occurred in the
MELOX facility in 2011 and which highlights the special attention that should be paid to
these "manual" modes and the safety measures for their use.
Periodic inspections and tests (CEP) play a particularly important role in the technical
monitoring of nuclear facilities. Several events result from insufficiencies in the CEP
performed, or in failures occurring when they were performed. Two events described in
this chapter — one occurred in a facility at the La Hague site, the other in a basic
nuclear facility (INB) at the CEA Cadarache site — illustrate this point. By analysing these
events, the IRSN has identified lessons that may apply to other INBs.
Several events were reported during the period of intense cold in February 2012 that
affected all of France; this chapter includes the event at the URE facility in Pierrelatte.
Feedback from these events emphasises the importance that facility operators must
give to technical and organisational measures for managing a weather episode.
The number of criticality-related events reported for FBFC facilities significantly
increased over 2011 and 2012, highlighting similar organisational and human failures.
The event described in this chapter, classified as level 2 on the INES scale, serves as an
example. To deal with the observed problems, FBFC initiated an action plan to review
the robustness of criticality risk management measures in its facilities and to improve
them if necessary.
Every year, several emergency shutdowns of reactors following detection of abnormal
operation are reported to the French Nuclear Safety Authority (ASN). As an example,
the IRSN presents an event of this type which occurred in 2012 in the Orphée reactor at
the CEA Saclay site.
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Event on 28 June 2011 in the MELOX plant

When certain fuel cycle plants were designed (e.g. the spent fuel reprocessing plants at
the La Hague site and the MELOX MOX fuel fabrication plant), their respective operators
decided on a high level of automation for the industrial process. This means that in
normal operation, a large portion of the industrial operations are performed
automatically. However, "degraded" modes are used to deal with operating problems
involving the automatic mode. Every year, significant events related to failures in
switching from the automatic operating mode to another mode are reported to the ASN.
The event on 28 June 2011 in the MELOX plant, classified by the ASN as level 1 on the
INES scale, illustrates this point.

MELOX plant
The MELOX plant, at the Marcoule site in the Gard region of
France,

manufactures

MOX

(mixed

uranium

oxide

and

plutonium oxide) fuel assemblies used in pressurised water
reactors (PWRs) and boiling water reactors (BWRs) located in
various countries (France, Germany, Belgium, Switzerland,
Japan and the United States).

The steps for manufacturing MOX fuel assemblies are performed in various areas of building 500 and its extension.
These steps include receiving the materials, creating the powder blends, manufacturing the pellets, producing the
rods and assemblies, performing the manufacturing inspections, storing the materials and shipping the fuel
elements (assemblies and rods).
A MOX fuel assembly for a PWR consists of a bundle of 264 rods around 1 cm
in diameter and 4 m long that contain fuel pellets. These rods are arranged
in a rigid frame called a "metal skeleton" consisting of a square grid (17 slots
on each side); certain slots are reserved for guide thimbles (see photo of a
skeleton containing guide thimbles). Each rod is pressurised with helium to at
least 25 bars.

Metal skeleton
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Description of the event and its consequences
On 28 June 2011 in the assembly control room, two operators initiated production on a fuel rod assembly at the
TGM station (see photos below). This operation consists of inserting the fuel rods in the assembly's metal skeleton
in successive layers using a motorised rod pulling fixture. In normal operation, this is performed by an automated
process.

Part of the skeleton (grid
and pulling equipment in
place) at the TGM station

Local

view

of

a

rod

arrangement

On 28 June 2011, the operation began with the pulling of a first layer of 12 fuel rods; the five other slots were
occupied by four guide thimbles and an instrumentation tube. Since the automated pulling of the first rod layer
was carried out normally, the pulling of the second layer of 17 rods was initiated. At the end of the sequence, an
alarm — "rods missing in the current layer" — appeared in the control room. This alarm led to stoppage of the rod
pulling operations.
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The operators went to the room where the TGM station is located to visually check the condition of the assembly
in production; they observed that five rods were missing in the last layer pulled. To resolve this issue and
complete the second layer of rods, the two operators used the control station in the room to carry out pulling of
the five missing rods, using the "slaved manual" operating mode.
The operators triggered the pulling movement on the five
rods using the motor's "run" command (pushed down position

In the MELOX plant, operators use the slaved
manual mode to perform basic operations

maintained). At that point, they heard an unusual grinding

under the control of the normal operating

noise in the motor and stopped the movement. After

system, while maintaining the safety features

investigating the cause of the noise, the operators resumed

of this mode. It serves to resolve situations

the rod pulling operation. One of them remained close to the
motor; the other operator kept the "run" command pushed

where a malfunction has interrupted a cycle or
subcycle of an automatic mode.

down from the local control station while monitoring the
advancing rods. Nonetheless, the rods were pulled too far and embedded in a plate located beyond the metal
skeleton. This resulted in the rupture of four rods and dispersion of radioactive material in the room.
The rod pulling operation was stopped by the operator at the local control station. An alarm was triggered in the
air contamination monitoring equipment in the room where the TGM station was located. The two operators in
charge of the assembly production operation and five other operators in the assembly fixture room evacuated the
area and reported to radiation protection agents, who observed a very low level of contamination on the shoes of
the two operators, which was still above the measuring equipment detection threshold.
In terms of consequences, the rupture of the four rods contaminated the room containing the assembly fixture
and, to a lesser extent, the two adjacent rooms, including the MOX assembly storage room. Subsequent analyses
indicated that the effective doses which the affected operators were exposed to through internal contamination
were under 1 mSv. Furthermore, this event did not release any radioactive material into the environment.
However, it had operating consequences related to contamination of the rooms, notably an interruption of fuel
assembly production for around three months, the time necessary for decontamination. Additionally, shipping of
fuel assemblies to EDF nuclear power plants was interrupted for around one month, due to contamination of the
MOX assembly storage room.
Analysis of the plant operator
The investigations conducted by the plant operator showed that technical, organisational and human failures
caused the event; they mainly include:
a design fault in the slaved manual mode of the TGM station which, unlike the automatic mode, did not
include a safety feature to prevent excessive pulling of fuel rods;
insufficient knowledge by the personnel of the station's operation in slaved manual mode; the plant
operator indicated that the team in charge of the operation the day of the event had not recently used this
mode for the TGM station;
insufficient operating documentation for the TGM station, notably on operation in slaved manual mode;
organisational failures, notably with regard to task organisation and information sharing within the team in
charge of these operations.
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Based on the detailed analysis conducted, the plant operator decided on several corrective measures to resolve
the observed failures. In particular, the plant operator changed the programming of the PLC associated with the
TGM station by adding safety features, including one that stops the motor in slaved manual mode to avoid
excessive rod pulling. The plant operator also put measures in place to offset the observed organisational and
human insufficiencies, notably with regard to the TGM station operating documentation and personnel training.
Furthermore, responding to a request made by the ASN following an inspection after the event, the plant operator
committed to conduct a study of all the work stations normally operated in automatic mode but that could also be
operated in a degraded mode, to ensure that the existing safety features in these degraded modes are sufficient.
This study involves around 80 PLCs in the MELOX facility.

Analysis of the IRSN
The safety review report for the MELOX plant was examined by the IRSN, which presented its conclusions in May
2013 to the Advisory Committee for Laboratories and Plants, which reports to the Director-General of the ASN.
IRSN analysed events reported to the ASN that related to operating mode changes, including the 28 June 2011
event. Based on this analysis, the IRSN recommended that the study concerning all potentially affected work
stations should make it possible to determine the technical improvements to implement at these stations, as well
as the changes and additions to be made to the operating documentation and the measures for training personnel
in charge of operations involving degraded modes. The plant operator committed to presenting the corresponding
information in its study report, to be submitted to the ASN.

IRSN/DG Report 2013-00006
©2013IRSN-all rights reserved

48

Event on 26 September 2011 in the STE3 facility at the
AREVA NC La Hague site
During inspections inside pipework of the stationary fire extinguishing system in the
bituminised waste drum storage halls of the STE3 facility, the plant operator found an
unexpected presence of water and particles, internal corrosion of the pipework and
clogging in some of the spray nozzles. Because of its potential safety-related
consequences, this event was classified by the ASN as level 1 on the INES scale. After an
in-depth analysis of the event, the IRSN concluded that the plant operator should take
measures to rapidly re-establish the effectiveness of the extinguishing system.
Furthermore, judging that the characteristics of this event may apply to all basic nuclear
facilities equipped with a similar extinguishing system, the IRSN recommended that the
relevant feedback be taken into consideration by operators of such facilities.

STE3 facility at the AREVA NC La Hague site
At the AREVA NC La Hague spent fuel reprocessing site, the solid waste and liquid effluent treatment facility,
referred to as the STE3 facility, handles the following operations:
chemical treatment of aqueous effluents produced by the site's facilities that precipitates the
radioactive elements in the form of chemical salts. At the end of chemical treatment, the products
obtained are decanted and constitute a mixture known as sludge;
hot embedding (temperature up to 135°C) of sludge in bitumen; the resultant mixture is poured into 200
liter stainless steel drums;
storage of the drums in dedicated halls, after a cooling
period for the embedded material of at least 24 hours.
There are four bituminised waste drum storage halls in
the STE3 facility. Each can contain up to around 5000
drums (see photo).
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Risks specific to the STE3 facility
This facility is particularly sensitive to fire risk due to the thermal embedding process, in a combustible matrix
(bitumen), of sludge containing chemical salts liable to react with each other under high temperatures. An
excessive increase in the temperature of the bitumen-embedded sludge could cause its combustion. The storage of
a high number of bituminised waste drums in a hall increases the risk.
Type of event observed in the STE3 storage halls
Each storage hall of the STE3 facility is equipped with a

The foam concentrate used in the STE3 facility is

stationary fire extinguishing system, composed of a

mixed with water to obtain a foaming solution

network of pipes and 56 spray nozzles, for delivering a

that improves extinguishing power by isolating

mixture of water and foam concentrate in case of fire.

vapours (produced by the fire) from oxygen in
the air.

The plant operator conducted inspections, mainly in 2011, to ensure the
absence of clogging in the stationary extinguishing system pipework in the STE3
storage halls. These inspections revealed that several spray nozzles (see
photo), fitted at the end of the pipes to deliver extinguishing liquid into the
halls, were in fact clogged. Endoscopic inspections were then conducted, which
involved introducing a small camera inside the pipes. The different halls were
found to have varying levels of water, foam concentrate (liquid and hardened
deposits) and corrosion residues (see photo).
These agents or residues are liable to clog the stationary extinguishing nozzles,
impairing their capacity to rapidly extinguish a storage hall fire. Following these
observations, the plant operator reported a significant event to the ASN, on 26
September 2011. This event was classified as level 1 on the INES scale.

Analysis of the event and evaluation by the IRSN
The plant operator determined several potential causes explaining the presence of materials (water, foam
concentrate, corrosion residues) in the extinguishing system pipework. Concerning two of the four storage halls,
the plant operator indicated that periodic tests on fire protection equipment, performed as per a procedure in
application since 2007, caused the transfer of a small quantity of water to the distribution pipework in the halls,
where it stagnated and led to corrosion. Specifically, water was circulated in the extinguishing system up to an
isolation valve so that fire detection tests could be performed on the facility's drumming cells. Subsequent
periodic tests on the fire extinguishing system valves in the storage halls led these valves to be opened and
resulted in water transfer to downstream portions of the extinguishing system pipework.
Concerning the other two halls, the plant operator indicated that the presence of water and hardened foam
concentrate in the pipework was related to a transfer of water in the tank containing the foam concentrate; this
transfer was in turn due to automatic operation of the tank's supply pumps during a periodic test of the fire
extinguishing system in 2008. Since the tank was not isolated from the pipework, due to two valves unintentionally
left open and a defective non-return valve, water reached the extinguishing system pipework. The plant operator
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also indicated that applicable procedures in the facility required neither the periodic drainage of the stationary
fire extinguishing pipework in the storage halls, nor checking for the absence of liquid in this pipework after
periodic tests.
As an initial response, the plant operator decided on measures to reduce as much as possible the sources of fire
ignition in the storage halls, notably by limiting the use of energised electrical equipment (handling cranes,
lighting and cameras). The plant operator also indicated that it was not possible to repair the partially clogged fire
extinguishing systems and thus planned to replace the entire stationary fire extinguishing system in the halls,
although no specific schedule was indicated.
Based on its analysis, the IRSN concluded that, given the specific fire risks related to bituminised waste drums in
the storage halls (number of drums, production of unburnt components and pyrolysis gases linked to bitumen
combustion, etc.), these halls must be equipped with a system for extinguishing fires in their earliest stages. The
IRSN therefore recommended that the ASN ask the plant operator to re-establish the fire extinguishing system in
the storage halls as rapidly as possible and, in the interim, to immediately take appropriate compensatory
measures for fire-fighting in these areas.
General character of the event
The IRSN's analysis of feedback from French and foreign nuclear facilities revealed clogging events at various sites
similar to the event in the STE3 storage halls. In particular, two recent clogging events in fire extinguishing
systems due to corrosion residues were reported, in a laboratory on the CEA Marcoule site and in a reactor at the
Civaux nuclear power plant. In both cases, corrosion residues resulted from failures during periodic testing of the
fire extinguishing systems, leading to the presence and stagnation of liquid in the pipework. The IRSN
recommended that the ASN ask all basic nuclear facility operators to integrate the lessons learned from the STE3
event.
In February 2012, the ASN asked all French nuclear operators whose facilities were equipped with a stationary fire
extinguishing system using water alone, or a foam concentrate-water mix, to:
check the periodic testing procedures for these systems to ensure that any risk of inadvertent injection of
water or foam concentrate in the extinguishing system could be ruled out,
indicate whether the inspections of their facilities made it possible to ensure that the extinguishing systems
were operational and that the pipework and spray nozzles were not blocked,
indicate the corrective actions planned, if applicable.
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Event on 14 February 2012 in the URE facility at the
AREVA NC Pierrelatte site
In February 2012, an extended period of particularly cold temperatures affected all of
Metropolitan France. During this period, around 15 events occurred in various nuclear
facilities; one of the most noteworthy concerned the URE facility. During the night of 1314 February 2012, the failure of a water-air exchanger in an air conditioning system of a
building ventilation in the URE facility caused a water leak in the form of droplets that
were carried by the ventilation air flow into several rooms. The quantity of water that
accumulated in two of these rooms exceeded the maximum value defined for preventing
criticality risks. The investigations showed that the leak from the exchanger had been
caused by freezing of the water it contained. This incident situation had not been
considered in the criticality risk analysis for the facility. Given its potentially general
nature, the Nuclear Safety Authority for Defence-related Facilities and Activities (ASND)
asked facility operators under its authority to integrate the lessons learned from this
event. Based on in-depth analysis, as well as feedback on all events in nuclear facilities
during the February 2012 cold spell, the IRSN defined general lessons on controlling risks
related to an unusual weather event.

Introduction
The URE facility is part of the AREVA NC secret basic nuclear facility (INBS) in Pierrelatte. Although the event took
place in a part of an INBS outside the scope of this report, the IRSN considered it important to present here, given
the general lessons that should be learned from it by all nuclear facilities.

URE facility
The recycling and production plant (URE) in Pierrelatte is used for the chemical transformation of highly enriched
uranium and the recycling of uranium-bearing materials. It includes several buildings including the UO2 building,
which consists of three rooms: a storage room for fissile materials and two rooms containing process equipment,
most of which are installed in glove boxes. Work in these two rooms has been stopped since mid-2011 following
the discontinuation of uranium oxide (UO2) production in the URE facility.
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Description of the event on 14 February 2012 in the URE facility
During the two weeks preceding the 14 February 2012 event, the Pierrelatte site experienced a period of intense
cold, exceptional in the region, with very low temperatures at night without any thawing during the day,
accompanied by strong winds. During this period, there was a failure in the site's hot water supply system on two
occasions: on 4 February 2012 for nearly 7 hours, and on 6 February 2012 for nearly 5 hours.
February 2012 cold spell
The first two weeks of February 2012 were marked by outside temperatures that were particularly low. The
episode was unusual in that the cold affected all of Metropolitan France with temperatures significantly lower
and lasting longer than the multiyear average. This episode, the most severe in France over the last 25 years
(see diagram below), resulted in some 15 reported events in various nuclear facilities (power reactors,
research reactors, laboratories, plants, waste and dismantling facilities).
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1991
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to 8 January 1997

7 to 11 January
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1957
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10 to 17 January
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2003

Toujours un temps d’avance

Duration (number of days)
Sphere diameter symbolises overall intensity of the cold spells; the largest spheres represent the most severe cold spells.

During monitoring rounds on 6 February, the plant operator detected puddles of water under the heating and
cooling equipments (water-air exchangers) of several air conditioning systems of the URE facility buildings
ventilations. The plant operator determined that these puddles were due to freezing of the water in the
exchangers. The valves on the pipework supplying the leaking exchanger were closed to stop the leaks. No leaking
was detected outside the air conditioning exchangers of the UO2 building. During the night of 8-9 February, and
during the day of 9 February, new leaks were detected in exchangers of an air conditioning system in one the
buildings of the URE facility. Each time, measures were taken to "isolate" the exchangers (closure of valves on
connecting pipework).
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During the night of 13-14 February, a fire alarm was triggered on the
Emergency Response Team (FLS) central station at the Pierrelatte
site, corresponding to the storage room of the UO2 building. FLS
agents did not detect anything abnormal during their first round in
this room or during later periodic rounds, which were performed
because the fire alarm could not be stopped. Shortly thereafter that
night, a fire alarm corresponding to the room containing the air
conditioning system for the UO2 building was triggered at the FLS
central station. During their first round in this room, FLS agents did
not detect anything abnormal. During subsequent rounds, a low level
of steam in the storage room and traces of moisture on the walls
were observed. Finally, during a round outside the UO2 building, FLS
agents observed a very significant release of steam from a
penetration in the room containing the air conditioning system.

Photograph of the leaking heating coil in
the UO2 building

Inside this room, they discovered a significant water leak from an air conditioning exchanger and took the
necessary action to isolate this leak.
Measures were rapidly taken following this event, such as recovery of the water on the floor of the building's
rooms via pumping, and the de-energising of electrical cabinets installed in these rooms.
The plant operator reported the event to the Representative in charge of Nuclear Safety and Radiation Protection
for Defence-related Activities and Facilities (DSND); the quantity of water recovered in each of the two rooms (at
least 8 and 6 litres respectively) was above the limit value defined in the safety documents to demonstrate
criticality risk prevention (5 litres). The DSND classified this event as level 1 on the INES scale.
In the significant event report submitted by the plant operator, the event was deemed unlikely to cause a
criticality accident due to the low quantities of fissile materials present in the affected rooms when the event
took place. The plant operator also indicated that if this event had occurred before production was stopped in the
rooms, the required presence of personnel when fissile materials were present would have led to rapid detection
of high-humidity air in the rooms, and measures would have been taken to limit any consequences.
Given the potentially general character of this event, the ASND asked all secret basic nuclear facility operators to
review the relevant feedback and check that measures taken to prevent such situations were sufficient. The ASND
also informed the ASN of feedback from this event.
Analysis of the event's causes
Based on its investigations, the plant operator deduced that the leaks in the heating exchangers of the air
conditioning systems at the URE facility, including the UO2 building system, were linked to the rupture of
exchanger pipework due to mechanical stress caused by freezing. The plant operator indicated that the frozen
water in the exchangers could be explained by the fact that air supply systems were kept in operation when the
site's hot water supply was lost (this supply ensured heating of the water in the coils). This led to exposing the
exchangers of unheated water to a flow of cold air from outside (negative temperatures) for several hours. The
leaks in the exchangers occurred after the site's hot water supply system was returned to service, which caused
the ice plugs to progressively melt (as the exchangers were thawing).
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As for the water carried into the rooms of the UO2 building, this appears to be explained by the following two
reasons:
the leak occurred on a part of the heating exchanger situated directly in the ventilation air flow;
the leak took the form of droplets; the pressure in the site's hot water supply system varied little during the
leak, which maintained a significant rate at the leak site, thereby favouring water "misting".
The plant operator explained that the leaks in the other air conditioning exchangers of the URE facility did not
have the same consequences because they were designed differently than the UO2 building exchanger. The hot
water is supplied to these other exchangers by a specific water system (called the "secondary loop") that is heated
by a water-water exchanger supplied by the site's hot water system. As a result, when a exchanger began to leak,
the water pressure rapidly fell due to the reduced volume of water in the secondary loop, which explains why the
leak was a liquid flow. Furthermore, the leaks occurred in parts of the exchangers not situated in the ventilation
air flow.
Lessons learned from this event
AREVA wrote a shared experience note presenting the main lessons and recommendations from its analysis of all
the events in its facilities during the February 2012 cold spell, including the event in the URE facility. This analysis
revealed considerable differences from site to site in terms of preparation and management of a cold weather
episode. From this analysis, AREVA defined good practices to prevent risks associated with a period of unusually
cold weather: identification of cold-sensitive components, preventive actions in case of low temperatures (frost
protection, rounds, etc.) and actions to be carried out after the episode (thawing period).
In the case of the URE facility, the operator developed the recommendations of this note into an "extreme cold"
procedure. The operator also set up a water leak detection system in the UO2 building air conditioning
exchangers, which automatically stops the air supply fans if the relative humidity threshold of the air supplied to
the rooms is exceeded. Furthermore, an alarm was set up to warn of excessively low temperatures downstream of
the exchangers.
Based on its in-depth analysis of the event, the IRSN concluded that the operator's measures for the URE facility
were generally appropriate to prevent such an event from recurring. However, the IRSN recommended that the
DSND ask the plant operator to further develop the extreme cold procedure in a few areas to better integrate the
feedback (e.g. URE notification in case the site's hot water supply system is lost). The IRSN also highlighted that
feedback from this event should be considered in the design of nuclear facilities, specifically through measures to
stop the air supply fans in case of an abnormal situation (excessively low outside temperature, high humidity in
the air supplied, etc.).
In general, the IRSN agrees with the general lessons defined by AREVA in its shared experience note. During its own
analysis of all the events during the February 2012 cold spell, the IRSN underscored insufficiencies in the
preparation and management of such a period for several nuclear facility operators. In particular, there is a lack
of specific formal procedures for preventive actions (frost protection, pipe draining, etc.), the checks to be
performed during the cold spell (rounds, etc.) and the precautions to take at the end of the cold spell. The
analysis also underscored the importance of considering any possible "domino" effects (cascade effects of losing
the site's hot water system) when defining these actions. For the IRSN, the feedback highlights the importance
that plant operators should accord to documenting formal ad hoc procedures for actions to limit the effects of an
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unusual weather event. These procedures should also be defined for other types of unusual weather events in
addition to cold spells: heat waves, heavy rains, snow, etc.
The analysis also revealed differences in the extreme cold characteristics (temperatures, wind speeds, etc.) used
by the operators of various facilities on the same site or in a limited geographical region. These differences result
from varying approaches, more or less structured, adopted by facility operators to define these characteristics. In
this respect, the IRSN emphasised the importance facility operators should give to defining event characteristics
(temperature, duration of the cold spell, wind speed, etc.), which are essential to defining the relevant measures
for controlling the consequences of such an event to ensure the safety of the facilities.
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Event on 5 March 2012 in the PEGASE facility at the
CEA Cadarache site

During a handling operation, a 670 kg crane hoist became detached and fell from a height
of around 10 m into the spent fuel underwater storage pool at the PEGASE facility. This
event, classified by the ASN as level 1 on the INES scale, had no consequences for the
personnel, facility or environment. The subsequent investigations revealed crane
equipment failures due to ageing mechanisms, which were not detected by the facility
operator's periodic testing. Given the consequences that such an equipment drop could
have had, the IRSN conducted an in-depth analysis of this event, concluding that it had
general implications. This led the Institute to recommend to ASN that the relevant
feedback be taken into account by all basic nuclear facility operators.

PEGASE facility at the CEA CADARACHE site
The PEGASE facility at the CEA Cadarache site initially included the PEGASE reactor for testing gas-cooled reactor
fuel elements, and spent fuel underwater storage areas. With the discontinuation of graphite-gas reactors, final
shutdown of the PEGASE reactor occurred on 19 December 1975.
Since 1980, the PEGASE facility has been used for:
underwater storage of spent fuel elements in different physical forms (rods, pins, plates, pellets, sections
of rods, etc.). The spent fuel elements are stored in underwater compartments in the PEGASE reactor pool.
These elements are currently being transferred to the CASCAD facility, which is also part of the CEA
Cadarache site;
dry storage of drums containing technological waste from the fabrication of plutonium fuel elements.
The PEGASE reactor pool is connected via a channel to the storage pool, currently not being used, and to the pool
for transfer to the shielded cell situated in the area of the facility known as the "hot shop" (see diagram below).
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For handling the spent fuel elements stored in the facility, the facility operator uses a travelling crane (see photo
below) with three independent motorised trolleys, one equipped with a double hoist having a lifting capacity of 13
tons, the second equipped with a hoist having a lifting capacity of 5 tons and the third equipped with a hoist
having a lifting capacity of 500 kg.

Rail track for 5 t hoist support
trolley

5 t hoist

13 t crane

The 500 kg hoist of the travelling crane is used to remove fuel elements from their storage compartments and
transfer them to the handling tower in the storage pool. This tower is used to transfer the fuel elements to the
shielded cell in the “hot shop”, where they are loaded into transport packaging for their removal; the fuel
elements are transferred underwater from the point they exit their compartments to their arrival in the shielded
cell.
Movement of the “handling tower” between the storage pool and the shielded cell requires previous removal of
the connecting channel gate using the travelling crane's 5 tonne hoist.
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Description of the event
On 5 March 2012, the facility operator planned to check correct operation of the “handling tower”. This kind of
operation is periodically carried out on all equipment used to remove the spent fuel elements stored in the
PEGASE reactor pool.
When the gate was raised, the motorised trolley for the hook of the 5 tons hoist detached from the crane and fell
into the storage pool (from a height of 10 meters in the air, and 7 meters into the water). On 7 March 2012, the
facility operator reported this load drop event to the ASN, which classified it as level 1 on the INES scale.
The event had no radiological consequences and did not impact

The gate involved in this event temporarily

facility safety, due to the absence of fuel elements in the

holds water in a given area of the PEGASE

storage pool; furthermore, there were no signs of compromised

facility. More specifically, this gate prevents

leaktightness at the bottom of the pool due to the impact.
However, one of the operators present during the lifting of the
gate fell backward and sustained minor injuries.

emptying of the storage pool located in the
pool hall, in case leaktightness is lost in the
hot shop pools. It is fitted into slide
assemblies which ensure leaktightness.

Analysis of the event's causes
The facility operator sent to the ASN a significant event report describing the event, its causes and the measures
taken to continue removing the spent fuel elements. This information is based on an assessment carried out by an
independent entity at the request of the facility operator.
Based on the investigations, the facility operator indicated that the force needed to remove the gate from its slide
assemblies (measured with a dynamometer at 7.2 tons) exceeded the hoist's lifting capacity (5 tons), which
deformed the rail track of the hoist's trolley. This deformation caused the motorised trolley to drop.
The CEA indicated that the deformation resulted from mechanical fatigue in the trolley rail track for the hoist
used, following repeated cycles of deformation and stress; since 1962, the gate has been handled at the same
location on the rail track.
The CEA noted that the February 2012 regulatory inspections of the
main travelling crane and auxiliary hoists had not resulted in any

Mechanical

fatigue

is

an

ageing

mechanism that causes deterioration in

comments from the approved inspection body. However, the facility

a material submitted to repeated stress

operator did state that a more detailed inspection of the crane

above its fatigue limit but below its

would certainly have detected the wear and led to preventive

yield strength.

maintenance on the affected equipment.

Lessons learned from the incident
Immediately following this event, the facility operator implemented an administrative lock-out of the crane and
prohibited its use. To bring the facility back into compliance with its safety reference framework, the facility
operator ensured there was no damage to the structures and liner of the storage pool and also removed the fallen
hoist. The facility operator then had a complete assessment conducted of the 13 tons travelling crane in the pool
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hall, which did not reveal any anomalies liable to prevent future use. Furthermore, the CEA indicated it would
take measures to integrate feedback from the event in all basic nuclear facilities at the CEA Cadarache site.
In its analysis of the event, the IRSN concluded that the measures adopted by the CEA to continue removing the
spent fuel elements in the PEGASE facility were suitable overall. However, the Institute recommended that the
ASN ask the CEA, prior to returning the 13 tons travelling crane to service, to add checks with their associated
criteria to the inspection procedures for the handling crane equipment, and to revise the handling risk study for
the use of this crane to include an analysis of the risks and consequences of the hoist or its trolley dropping into
the pool where the spent fuel elements are stored.
The IRSN also recommended that the ASN inform all basic nuclear facility operators of the feedback from the
event, and that the ASN ask them to:
list the lifting equipment in their facilities and check the systems in place to limit risks of this equipment or
its components falling;
indicate the checks performed on this lifting equipment as part of periodic inspections or tests (especially
regulatory checks1), the acceptance criteria adopted, the conditions for performing the checks and the
preventive or corrective maintenance measures;
analyse the risks associated with lifting equipment drop.

For the IRSN, in a more general manner the feedback from this event highlights:
that operators must ensure that periodic inspections and tests of equipment in their facilities are suitable
and sufficient;
the essential role of these inspections and tests in ensuring that this equipment operates properly and that
suitable preventive maintenance operations are carried out in a timely fashion.

1

Lifting equipment is subject to regulatory inspections in compliance with the Order of 1 March 2004. This order requires an
examination of the equipment's condition as well as functional tests.
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Event on 20 June 2012 in the ORPHEE reactor at the CEA
Saclay site
During a maintenance operation on a secondary cooling system pump for the ORPHEE
research reactor, a primary cooling system pump was inadvertently stopped, causing
emergency shutdown of the reactor. Though it had no consequences for the safety of the
reactor and its environment, this event highlights the attention that must be paid to the
ergonomics of reactor indication and control systems to reduce the risk of operator error
as much as possible.

ORPHEE research reactor
The ORPHEE research reactor, located at the CEA
Saclay site, reached criticality for the first time in
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The reactor core, with a thermal power of 14 MW, is very compact; it is cooled by
demineralised water circulating in the primary cooling system. The core is also
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additional neutron.

fuel elements and irradiation systems, as the height of the water above the reactor core protects the operators
against the ionising radiation emitted. The water in the pool and the primary cooling system is cooled by
secondary systems, in which the water is in turn cooled by contact with outside air. The pool water also makes it
possible to cool the reactor core after its shutdown (residual heat removal), without the need for primary system
pumps to be kept in operation.
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Description of the event
Subsequent to the observation of a water leakage in
one of the two secondary cooling system pumps for the
core, shutdown was planned for this pump to perform
the necessary repairs. In preparation, reactor power
was reduced to take into account the lost cooling
efficiency due to the pump shutdown; in these
conditions,

one

secondary

cooling

system

pump

remains in operation and the primary cooling system
operates normally.
Control room for the ORPHEE reactor
Once the repairs had been completed, the shift supervisor in the reactor control room set about to return the
repaired secondary cooling system pump to service. This operation required activation of the start-stop button
associated with this pump (backlighted rotary push-button) and viewing of data on a galvanometer (measures the
intensity of an electrical current) located at a certain distance from the backlighted rotary push-button. The shift
supervisor therefore had to move across the room to accomplish both actions. It was at this moment that he
observed the indicators on the control room desk and saw that the pump had not restarted.
The shift supervisor then reached out to reactivate the button to
restart the pump, but made contact with the wrong button,
namely the start-stop button associated with a primary cooling
system pump, which led this pump, in operation, to shut down.
The reduced flow rate in the core primary cooling system,
detected by the reactor protection system, automatically shut

Control rods
Control rods are made of material that
absorbs neutrons. They are used to vary
reactor power; when inserted into the
core,

they

decrease

the

number

of

neutrons and thus the power level.

down the reactor by insertion of the control rods into the core.
This event, classified by the ASN as level 0 on the INES scale, did not have any consequences for the safety of the
reactor.
The investigations conducted by the facility operator to identify the causes of the event showed that the pump's
failure to start after the shift supervisor's first attempt resulted from the fact that it had remained locked out.
After the event, the primary and secondary cooling system pumps were returned to service without any particular
difficulties. The facility operator nevertheless had to wait 48 hours for the decay of xenon-133 (radioactive
element that absorbs neutrons, half-life of 5.2 days) before restarting the reactor.
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Research reactor protection system
The safety of a research reactor depends on controlling the following three safety functions:
number of neutrons produced by fission reactions (reactivity),
removal of heat produced by these fissions (cooling),
keeping radioactive material inside the fuel (confinement).
To check that these functions are assured at all times, the following physical quantities are continuously
measured:
number of neutrons produced in the core (reactivity),
primary system water pressure and temperature at core inlet and outlet (cooling),
radioactivity of the air and water above the pool (confinement).
For each of these parameters, a range of "authorised" values is defined, characterising the reactor's normal
operating domain. If the value of one of these parameters leaves the authorised domain, the reactor is
automatically
Lessons
learnedshut down to regain control over the three safety functions mentioned above.
In response to a question posed by the ASN, the operator of the ORPHEE reactor indicated that the shift
supervisor's error had never before occurred during the 30 years of the reactor's operation. The facility operator
also noted that while this error did not call into question the general ergonomics of indications and buttons on the
control room desk, improvements could nonetheless be made to the start-stop buttons for the primary and
secondary cooling system pumps, given that these buttons are the same type (backlighted rotary push-buttons) and
situated close to each other. To reduce the risks of confusion, the facility operator modified the primary cooling
system buttons to make them easier to distinguish by the personnel from secondary cooling system buttons.
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Event on 24 September 2012 in the PWR fuel
fabrication plant in Romans-sur-Isère
Two consecutive events were reported to the ASN by the company FBFC in September
2012, involving non-compliance with rules to prevent criticality risks relative to the
storage of containers known as "drums" which hold manufacturing scrap containing fissile
material. Given the many failures observed, the ASN decided to classify the second event
as level 2 on the INES scale. Moreover, the ASN notified the plant operator that it was
required to immediately improve management of the drums of fissile material involved in
the event. The IRSN's in-depth analysis of the improvements proposed by the plant
operator concluded that they were suitable overall. The IRSN also recommended that
feedback from these events be extended to all relevant drums in the facility.
Description of the process
At the Romans-sur-Isère site, the AREVA subsidiary FBFC operates two basic nuclear facilities: a fuel element
fabrication plant for research reactors and a nuclear fuel assembly fabrication plant for pressurised water reactors
(PWRs). The fuel assembly fabrication plant for PWRs consists of several buildings in which the different
manufacturing operations are carried out:
building C1: conversion of uranium
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In building AP2, one of the fuel fabrication steps involves grinding the
sintered UO2 pellets underwater. This operation adjusts the diameter of
the pellets by passing them between two grinding wheels to obtain the
required diameter for introduction into the fuel rod cladding.

The fuel fabrication operations produce:
manufacturing scrap in the form of entire pellets or pellet pieces, considered dry products, i.e. containing a
very low level of moderating material (water). This scrap is packaged in 10 liter drums;
sludge resulting from centrifugation of grinding process water, considered a wet product. This sludge is
packaged in nacelles;
grinding wheel cleaning scrap (pellets, chips, dust, sludge, etc.), considered as a wet product. This scrap is
packaged in 10 liter drums.
All this scrap is calcinated in a furnace where uranium is oxidised as U 3O8, which is recycled in the pellet
fabrication process. The plant operator has two calcination furnaces: one in building AP2, the other in building R1.
To prevent the risks of criticality, operating rules define the conditions for using the drums. Depending on the type
of fissile material in a drum (powder or pellet, dry or wet product), these rules set the maximum uranium oxide
mass per drum as well as the conditions for identifying (dry or wet products), transporting or storing the drums.
The rules are stricter for wet products to the extent that they contain moderating material.
The manufacturing scrap is transferred between buildings AP2 and R1 in 10 liter drums, which are transported
either individually (wet products) or in a "tubular" carriage (up to 18 drums per carriage). These operations are
performed by personnel.

Drum
Drum storage tubes

Label indicating storage rules

Tubular carriage
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The manufacturing scrap flows from the grinding wheels are shown in the diagram below. The operations during
which non-compliance with the criticality rules occurred, which led to reporting of the events on 17 and 24
September 2012, are indicated on the diagram.
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(dry product)
in drums
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(wet product)
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Identification of drums

Cleaning scrap
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U3O8
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24 September 2012 event

Calcination furnace
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U3O8

Detection of the events
On 17 September 2012, the plant operator discovered in building AP2 a tubular transfer carriage with three drums
labelled as containing wet products, whereas these carriages should only transfer dry products. The drums were
removed from the carriage. The plant operator's investigations did not bring any other anomalies to light. The
event was reported by the plant operator to the ASN, which classified it as level 1 on the INES scale.
On 24 September 2012, in building R1, the plant operator discovered wet products upon opening a drum labelled
as containing dry products. The plant operator suspended production in the pellet grinding units as well as the
transfer of drums and initiated a check of all drums liable to contain wet products. This check revealed six other
anomalies relative to drum management rules. The plant operator reported this event to the ASN and proposed it
be classified as level 1 on the INES scale.
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The ASN organised a "rapid-response" inspection on 28 September 2012, which revealed that several drums were
non-compliant with the criticality risk prevention rules. This led to reclassifying the 24 September event as level 2
on the INES scale. The ASN also notified the plant operator that it was required to improve the management of
drums containing fissile material from the grinding process (the ASN decision can be consulted in French on its
website: www.asn.fr). In particular, the ASN asked the plant operator to implement "long-term" measures based
on an analysis of feedback from the events, and pending this, to implement temporary measures to prevent
criticality risks associated with managing drums of fissile material from the grinding process.
Lessons learned from the events
For each event, the plant operator submitted a significant event report specifying the circumstances and causes as
well as the planned measures to avoid recurrence and continue treatment operations on grinding process scrap.
Based on the analysis performed, the plant operator concluded that the above-mentioned events were linked to
insufficient consideration given to human actions in the criticality risk analysis carried out when the facility was
designed. The analysis of the events revealed organisational and human failures (poorly explained or incomplete
operating procedures, no checking of drum labelling and storage, insufficient knowledge of criticality risk control
rules by the operators, particularly with regard to the storage conditions of wet product drums in tubular
carriages). Furthermore, following shutdown of one of the old calcination furnaces in building AP2 and its
replacement by the furnace in building R1, the material flows within the facility were modified without sufficient
analysis of the consequences of this change, specifically in terms of additional operating requirements for the
personnel.
The measures immediately implemented by the plant operator after the above-mentioned events improved wet
product drum identification as well as the rules for drum use and storage. Checks of drum use were also put in
place. In addition, the plant operator proposed using a new type of drum for wet products, whose shape would
prevent loading in the tubular carriages for transferring dry products, as well as a new carriage specifically for wet
product drums.
The IRSN deemed that the proposed measures were suitable overall for preventing the recurrence of this type of
event, but made several recommendations to the ASN with the aim that the plant operator improve the safety
documentation for its facility. According to the IRSN, the plant operator should also extend the feedback from
these events to the drums of materials from equipment other than the grinding wheels. The lessons learned from
this feedback will be analysed by the IRSN when the facility undergoes its next safety review, planned for 2014.
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CROSS-FUNCTIONAL SUBJECTS

The use of operating feedback is not limited to events reported by French plant
operators. Incidents and accidents in foreign facilities should also be reviewed for any
lessons useful in improving the safety of French facilities. This approach is well illustrated
by the accident affecting the facilities of the Japanese Fukushima-Daiichi nuclear power
plant on 11 March 2011. This chapter presents the IRSN's evaluation of the measures
proposed by the operators of plants and research reactors having the most significant
safety issues or the greatest sensitivity to the hazards that caused the Fukushima
accident, with a view to improving the safety of their facilities.

The operating feedback from French nuclear facilities regularly shows that the
insufficiencies of plant operators' safety and radiation protection management systems
contribute as "fundamental causes" to most of the significant events reported to the ASN.
This chapter presents the IRSN's evaluation of the systems implemented by the CEA and
AREVA to manage the safety and radiation protection of their basic nuclear facilities.

In addition to events, incidents and accidents, the feedback also includes lessons learned
from safety file evaluations (good practices, recurrent problems, etc.) which the IRSN
capitalises on and uses for other evaluations. To illustrate this point, this chapter
presents an overview of the main lessons learned by the IRSN from the evaluations
concerning nuclear facility dismantling.
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Reinforcements of plants and research reactors
following the Fukushima accident
After the catastrophe at the reactors of the Japanese Fukushima-Daiichi nuclear power
plant on 11 March 2011, several initiatives were taken throughout the world to ensure
the robustness of nuclear facilities and the organisations in place to respond to extreme
situations not considered during design. In France, the studies conducted by operators of
group 1 plants and research reactors (i.e. facilities presenting the greatest risks or the
greatest sensitivity to the hazards that caused the Fukushima accident) as part of
additional safety evaluations, made it possible to confirm that these facilities were
generally robust with regard to natural hazards relevant to the sites. However, the IRSN
analysis showed the advantages of enhancing the existing protective features of the
facilities with a set of measures for responding to natural hazards whose scope exceeds
what has been considered until now. These measures would constitute the postFukushima "hardened safety core". The related proposals by the group 1 basic nuclear
facility operators were evaluated by the IRSN in 2012.
Background
Following the events in Japan on 11 March 2011, resulting in a cascade of failures on the Fukushima-Daiichi site and
leading to significant radioactive releases to the environment, the French Prime Minister wrote a letter to the
President of the ASN on 23 March 2011, calling for a safety study of nuclear facilities, giving priority to nuclear power
plants, with regard to the accident in Japan. The study was to address five points: the risks of flood, earthquake, loss
of electrical power and loss of cooling as well as the operational management of accident situations.
On 24 and 25 March 2011, the European Council convened and decided that stress tests would be conducted in all
nuclear facilities on the territories of Member States.
By a decision dated 5 May 2011, the ASN required operators to carry out complementary safety assessments (CSAs) on
the response of their facilities in the extreme situations mentioned above. The ASN set the deadlines for submitting
the CSA reports based on risks presented by facilities other than nuclear power plants; this led to the definition of
three groups. The ASN asked that the CSA reports for power reactors and other group 1 basic nuclear facilities (i.e.
facilities presenting the greatest risks or the greatest sensitivity to the hazards that caused the Fukushima accident)
be submitted by September 2011. The ASN also asked that CSA reports for group 2 basic nuclear facilities (considered
lower priority) be submitted by September 2012. For the basic nuclear facilities considered as having the lowest
priority, included in group 3, the ASN asked the operators to submit the CSA reports when administrative procedures
involving a public inquiry were carried out (articles 7, 31 and 37 of Decree 2007-1557 of 2 November 2007), or when
the facility was commissioned, or, at the latest, as part of the first safety review.
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Based on the foregoing, the following information concerns only the group 1 basic nuclear facilities other than
PWRs.
In September 2011, the operators (EDF, AREVA, CEA and
ILL) of French nuclear facilities submitted their reports to
the ASN on the robustness of their installations with regard
to the various situations mentioned above. The analysis of

List of group 1 facilities
High Flux Reactor,
Jules Horowitz Reactor,
OSIRIS Reactor,
MASURCA Reactor,

the CSA reports on the power reactors and the group 1

PHENIX Reactor,

basic nuclear facilities was reviewed by the IRSN, which

Plutonium Technology Facility,

presented its conclusions in November 2011 to the Advisory
Committees for Nuclear Reactors (GPR) and for Laboratories

FBFC Plant (Romans-sur-Isère),
Plants and facilities at the La Hague site,
MELOX Plant,

and Plants (GPU), which report to the Director-General of

Plants at the Tricastin site (Georges Besse I,

the ASN.

Georges Besse II, TU5, SOCATRI and
COMURHEX)
Support facilities at La Hague and Tricastin.

The IRSN's analysis confirmed that as a first step, the operators must ensure their facilities comply with the
applicable safety requirements. The IRSN also recommended that the operators define a set of additional measures to
reinforce facility robustness with regard to extreme situations that could cause significant releases of radioactive or
hazardous substances. These measures would constitute a "CSA hardened safety core".
In their opinion submitted to the ASN, the Advisory Committees confirmed the necessity of operators taking robust
measures to deal with extreme situations, in order to limit the possibility of severe accidents leading to significant
releases in the environment.
Finally, the Advisory Committees highlighted the importance of emergency organisation and equipment remaining
operational for hazard levels greatly exceeding those used in facility design and for radiological or toxic atmospheric
conditions resulting from a severe accident affecting several facilities of a given site.
Content of hardened safety core
Following the opinion of the Advisory Committees, which was based on operator reports and their analysis by the IRSN
(the

IRSN

report

can

be

consulted

in

French

here:

http://www.irsn.fr/FR/expertise/rapports_gp/gp-

reacteurs/Pages/Rapport-IRSN-ECS.aspx), the ASN directed the concerned operators, namely EDF, AREVA, the CEA
and ILL, to propose a hardened safety core of robust equipment and organisational measures intended to fulfil the
following functions under the extreme conditions examined in the CSAs:
prevent a severe accident or limit its scope,
limit massive releases in case an accident scenario that could not be controlled occurred,
enable the operator to take emergency response action.
The ASN also asked the operators to indicate the requirements applicable to this hardened safety core.
The IRSN analysed the report EDF submitted in June 2012 in response to the ASN requirements and presented its
conclusions to the Advisory Committee for Nuclear Reactors in December 2012. To learn more about the IRSN's
conclusions, see the article on reinforcing nuclear facilities following the Fukushima accident in the IRSN report
http://www.irsn.fr/nuclear-safety-2012-EN.
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During the second half of 2012, AREVA, the CEA and ILL submitted reports in
response to the ASN requirements for the relevant facilities. The IRSN

Contingency levels characterise
the intensity of natural hazards

evaluated the hardened safety core measures for the group 1 basic nuclear

considered for the safety of

facilities as well as the associated requirements. This entailed reviewing the

basic

contingency levels of the extreme natural hazards that the hardened safety
core must respond to and the substantiation methods that the operators used

nuclear

facilities,

i.e.

earthquake magnitude, water
level resulting from a flood, or
wind speed.

to demonstrate the operational character of the hardened safety core in the
relevant conditions.
The IRSN presented its analysis to the Advisory Committees for Nuclear Reactors and for Laboratories and Plants in
April 2013.

Extreme natural hazards considered for the hardened safety core
Regarding the extreme earthquakes proposed by AREVA, the CEA and ILL, the IRSN judged that the associated
hazard levels were insufficiently substantiated. For the IRSN, additional substantiation, based on supported
scientific data, is necessary to technically justify the earthquake levels proposed for the hardened safety core.
Regarding extreme flooding, the IRSN judged that the extreme hazard levels used by the operators were generally
satisfactory. Additional substantiation is, however, necessary for the Tricastin site, concerning the resistance of
the Donzère Mondragon Canal dykes to an extreme earthquake. This resistance was an assumption used to define
the flood hazard level of the site.
Regarding extreme weather phenomena, the IRSN judged that AREVA and the CEA must revise their reports to take
extreme winds and tornados into account in order to assess the relevant risks of "cliff-edge effects" and to provide
for hardened safety core measures to respond to these risks.

Hardened safety core measures and associated requirements
In contrast to the EDF power reactors, which are similar in design and present the same risks, the group 1 AREVA,
CEA and ILL facilities involve different responses or risks in case of extreme hazards, electrical power loss or
cooling loss. For instance, while certain facilities require electrical power to maintain cooling, others can undergo
a total loss of electrical power without significant safety consequences. As a result, the facility operators proposed
adding measures to prevent the relevant accident situations or limit the consequences, as well as new emergency
response measures.
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As an example of the reinforcement measures
proposed by the operators, AREVA planned to
implement additional water makeup systems in the
spent fuel pools for the spent fuel reprocessing plants

FINA (AREVA National Intervention Force)
Based on feedback from the Fukushima accident,
AREVA decided to organise a national intervention
force to respond to major accidents at its sites or

at the La Hague site, as well as additional measures

facilities. FINA's mission is to provide assistance within

to cool storage facilities for fission product solutions

48 hours to any site where an accident has occurred,

at these plants. To reinforce emergency response,

by supplying human and material resources (air

AREVA also planned to build new emergency response
sites and organise the FINA (see inset) to ensure rapid
intervention on site in case of extreme situations.

compressors, lighting, pumps, generator sets, etc.) to
complete the site's response means, thereby limiting
consequences in terms of chemical or radioactive
releases to the environment.

In concluding its analysis of the reports on the various group 1 facilities, the IRSN judged that the hardened safety
core measures proposed by AREVA, the CEA and ILL will increase the capacity of these facilities to respond to
extreme natural hazards or long-term losses of support functions (electrical power in particular). However, the
IRSN deemed that the hardened safety core should be completed or reinforced to respond to certain
contingencies. For example:
loss of leaktightness in the spent fuel pools at the La Hague site after an extreme earthquake, to the extent
that the information presented does not rule out this possibility;
fires occurring in several locations of a facility following an extreme situation (earthquake, flood, etc.), as this
situation cannot be totally ruled out;
radioactive releases in the environment caused by an extreme natural hazard.
Finally, the IRSN insisted on the fact that the hardened safety core equipment should be subject to more stringent
requirements

in

terms

of

design

methods

and

criteria

(or

verification

for

existing

equipment),

manufacturing/installation, and in-service monitoring. For the IRSN, these more stringent requirements are
essential for the high level of confidence expected of the hardened safety core, which must ensure facility safety
in extreme situations.
Based on this assessment, the ASN planned to draft requirements for each of the group 1 facilities.
It should also be noted that the IRSN presented its analysis of the CSA reports on group 2 facilities to the Advisory
Committees in July 2013.
For further information, see the IRSN report on the CSAs (in French):
http://www.irsn.fr/FR/connaissances/Installations_nucleaires/La_surete_Nucleaire/evaluations-complementairessurete/Pages/sommaire.aspx
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Safety and radiation protection management systems
in CEA and AREVA facilities
Operating feedback from nuclear facilities regularly reveals insufficiencies in terms of
safety and radiation protection management. The IRSN evaluated the relevant
management systems implemented by the CEA and AREVA. The resulting evaluations
indicated several areas for improvement, notably with regard to design of new facilities
or modification of existing facilities, management of personnel skills, and oversight of
subcontracted activities.

Defining safety management
According to Report No. 13 of the INSAG2, distributed by the International Atomic Energy Agency (IAEA), a
safety management system has two main objectives:
improve the safety results of the enterprise through planning, managing and controlling safety-related
activities in normal, transient and emergency situations;
cultivate and support a solid safety culture by developing and strengthening good safety attitudes and
practices, in individuals as well as teams, so that they can carry out their tasks safely.
On this basis, the functions of a safety and radiation protection management system may be represented as
follows:

Anticipate safety and
radiation protection questions
Adapt to changes in the
safety and radiation
protection field

Define safety and radiation
protection policy or objectives
Orient decisions and actions
to promote safety

Check compliance with
safety and radiation
protection requirements
Improve the safety and
radiation protection of
operations

Define responsibilities
Coordinate actions relative
to safety and radiation
protection
Manage human and
technical resources

Managing safety and radiation protection

Organise networks of safety
and radiation protection
participants
Foster participant involvement
and cooperation on safety and
radiation protection questions

2

Ensure personnel have
suitable skills
Apply feedback

Management of Operational Safety in Nuclear Power Plants, IAEA, INSAG report, No. 13, 1999.
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Safety and radiation protection management and operating feedback
The IRSN analysis of operating feedback from LUDD (laboratories, plants, waste and desmantling) facilities and
research reactors shows that the insufficiencies of operators' safety and radiation protection management systems
contribute as "fundamental causes" to most of the significant events reported to the ASN. However, in many cases,
the analyses of the events submitted by the operators provide only a very incomplete picture of the role played by
these insufficiencies. These analyses are too often limited to primary causes related to personnel actions. The
IRSN evaluated the safety and radiation protection management systems implemented by AREVA and the CEA,
which operate several nuclear facilities. The resulting evaluation highlights the relevance of examining all the
nuclear facilities covered by an operator's safety management system, an approach that makes it possible to
address specific questions concerning all facilities run by an operator (e.g. policy for managing safety and
radiation protection skills).
Approach for evaluating safety and radiation protection management
The IRSN evaluated the relevance of the management reference framework (general policy documents,
organisation documents, management process descriptions, procedures) with regard to the state of the art in this
area. To do so, the IRSN examined how the various entities of the organisation use this reference framework and
apply it operationally, so that the personnel have the resources to consider safety and radiation protection in
carrying out their tasks and responsibilities.
The fields covered by the safety and radiation protection management systems of the CEA and AREVA are very
broad and varied. The types of risk, activities carried out, organisations set up and workforce employed can be
quite different depending on the facilities or sites. As a result, the IRSN concentrated its evaluations on a few
specific questions, several of which were common to the CEA and AREVA. In particular, the IRSN examined the
capacity of their safety and radiation protection management systems to frame and supervise the management of
design projects, the management of personnel and skills, and the management of subcontracted work.
Safety and radiation protection management in design projects
The IRSN evaluations focused on the management of new facility
design or existing facility modification. They showed that both
AREVA and the CEA have recently changed their prime

The project owner entity, which defines
the needs to be met then commissions and
finances the project, works with a prime

contracting organisation to favour the sharing of resources and

contractor entity, which ensures execution

skills and the harmonisation of practices, notably in safety and

of the project to acceptance and closure.

radiation protection. The IRSN evaluations also indicated that the
project ownership entities — which usually operate the facilities and struggle to find time to oversee one or more
modification projects — may have difficulties carrying out their activities with regard to the prime contracting
entities, whose capabilities and legitimacy have been bolstered by the organisational changes mentioned above.
These difficulties may result in insufficient consideration of real operating constraints or practices and lead to
changes that complicate daily compliance with safety and radiation protection requirements by facility operators.
With regard to how safety requirements are integrated into projects, the IRSN observed that AREVA and the CEA
are making efforts mainly in two areas. First, they have improved the safety skills of teams in charge of projects.
CEA project teams now include a safety engineer to ensure safety is integrated throughout the project and to help
write safety documents (safety reports, general operating rules, etc.). At AREVA, the IRSN observed that teams in
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charge of safety had been set up within the prime contracting and project ownership entities. Additionally, the
principles of project management and safety requirement integration have been progressively included in
reference documents. Despite these improvements, work remains to be done to better specify in these reference
documents how to gather feedback on the integration of safety requirements in projects.
Management of safety and radiation protection skills
The skill needs of operators are in constant flux due to changes in the available skill set of the personnel (internal
mobility, resignations, retirement, etc.) and due to changes in the skills required to operate the facilities
(commissioning of new facilities, introduction of new processes, dismantling of facilities, development of new
disciplines, etc.). Given the time necessary to train personnel, AREVA and the CEA need an organisation and tools
to predict their future skill needs. They must also implement measures to respond to these needs: recruitment,
internal mobility policy, and training tracks. As there is currently a general, large-scale need to replace personnel
in light of high retirement numbers, this anticipation is particularly important.
AREVA and the CEA have progressively implemented strategies for managing their forecasted job and skill needs.
The overall structure of these strategies is relatively similar for the two operators. Each job position entails a
relatively detailed description in terms of responsibilities, activities, required skills and, in some cases, necessary
training. These strategies identify individual training needs and highlight workforce requirements.
The IRSN observed that operators had difficulty predicting the medium-term impact of industrial strategy,
technology and population changes on needs in terms of safety and radiation protection skills. The relevant
forecasts are most often in terms of workforce, as is the case for the three-year forecast of changes in discipline
workforces that the AREVA Profession Observatory issues. These forecasts rarely cover changes in the skills
themselves and are insufficient for anticipating changes in what the various disciplines handle. However, AREVA
and the CEA have locally developed forecasts that do so, as part of specific projects. For example, the CEA
conducted the PASSAGE project to manage the skills needed to clean up and dismantle six facilities at the
Grenoble site, while at the same time reducing the CEA workforce at this site. AREVA set up the TRANSITION
project to manage the combined changes in skill needs due to the final shutdown and dismantling of the Georges
Besse I plant and the commissioning of the Georges Besse II plant.
Safety and radiation protection management in subcontracted activities
The IRSN examined the various steps of the subcontracting process, from the decision to subcontract through to
the selection of companies, the surveillance of services, and the gathering of feedback.
Regarding the decision to subcontract an activity, the IRSN judged that the CEA needed to make progress in the
preliminary analysis of the possible impacts of subcontracting on safety and radiation protection control in its
basic nuclear facilities. As for AREVA, the purchasing entities recommend performing a risk analysis, but these
analyses focus on financial risks and are not intended to identify the impacts of subcontracting on safety and
radiation protection in basic nuclear facilities. However, a risk analysis guide for projects to outsource operating
activities has been prepared at the La Hague site.
AREVA and the CEA use processes to qualify and select outside companies that are based on evaluation of technical
expertise and skills and that include safety and radiation protection criteria. There is no national directive at
either AREVA or the CEA on the inclusion of safety and radiation protection requirements in the specifications
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prepared to select suppliers for a subcontracted activity. However, the IRSN noted that certain facilities use
guides for preparing specifications that favour integrating these requirements. The IRSN also noted that the
evaluative criteria for supplier technical proposals should be revised to better assess the capacity of companies to
comply with the safety and radiation protection requirements associated with the services to be performed.
With regard to monitoring subcontractor activities, the IRSN examined the capacity of AREVA and the CEA to
comply with regulatory requirements on supplier surveillance. Each basic nuclear facility operator must be able to
ensure that the suppliers know and apply the measures for which they have received documentation, particularly
in the area of safety and radiation protection. At the end of the IRSN's evaluations, AREVA and the CEA both
committed to improved planning and traceability of surveillance actions, in relation to the risks of the activities
subcontracted. They also planned to clarify the responsibilities of personnel in charge of supplier surveillance and
to improve their training.
AREVA and the CEA set up measures to document assessment following a service (supplier assessment sheets at the
CEA, market assessment sheets at AREVA). Site visits, monthly contract reviews and supplier audits can be used to
evaluate companies during the services. The IRSN found the measures satisfactory overall, but noted that
evaluation of compliance with safety and radiation protection requirements could be documented more explicitly.
The IRSN also judged that the feedback collected in this way should be better used during the analysis of supplier
technical proposals.

Conclusion
Based on the evaluations, the safety and radiation protection management systems implemented by AREVA and
the CEA are generally relevant and contribute to controlling risks in the facilities. However, developing the
training of safety and radiation protection personnel and the application of feedback would improve the
robustness of these management systems.
The conclusions of the IRSN analysis were presented to the Advisory Committees, which report to the DirectorGeneral of the ASN, in November 2010 for the CEA, and in December 2011 for AREVA.
In addition to these results, the IRSN has stated that assessments across several facilities would be relevant. This
would make it possible to go beyond the particularities of the various nuclear sites and address any shared
organisational and managerial modes. Such modes may pose risks to facility operation; there is visible evidence of
this in the feedback from various events. By identifying and addressing the risks, progress in operating safety may
be achieved over the long term.
For further information, summaries of the two IRSN reports, the opinion of the Advisory Committees, and the ASN
position

statements

are

available

in

French

at

http://www.irsn.fr/FR/expertise/rapports_gp/gp-

usines/Pages/Usines.aspx.
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Dismantling of nuclear facilities
Some 30 basic nuclear facilities having a broad range of characteristics are currently
being dismantled or undergoing preparatory work for dismantling. Most are "first
generation" industrial facilities designed in the 1960s (power reactors, UP2-400 spent fuel
reprocessing plant at La Hague, ATPu plant for MOX fuel fabrication at Cadarache, etc.) or
CEA research facilities (experimental reactors, laboratories, etc.). The IRSN assesses
operator reports, notably those associated with final shutdown and dismantling requests
for basic nuclear facilities, as well as measures planned by operators during design of new
basic nuclear facilities to facilitate their future dismantling. To carry out its assessments,
the IRSN relies on its knowledge of nuclear facilities as well as feedback from past
dismantling operations. The main lessons learned from IRSN assessments are presented
below with examples, mostly taken from the analysis of reports on the dismantling of EDF
power reactors.

Main characteristics of dismantling operations
Risks to the environment associated with these operations are lower than during the operating phase, but the risk
of worker exposure to ionising radiation increases due to the nature of these operations, which may require
personnel to work close to or “in contact” with equipment containing radioactive material. In particular, the IRSN
examines measures implemented by operators to limit radiological exposure of workers (protective clothing,
remote intervention tools, added radiation shields, etc.). Dissemination of radioactive material is also a significant
risk, especially during operations to recover this material in equipment, or during disassembly or cutting of this
equipment. The IRSN thus examines confinement measures in work areas, to ensure their suitability for the work
planned. Available feedback is taken into account, both in terms of reported events (e.g. dispersion of radioactive
material outside confinement areas) and identified good practices (specific containment systems, worksite access
ways, etc.).
While some risks may no longer be relevant, such as the risk of criticality
because fissile materials have been removed, different risks from those
encountered during operation may appear or become predominant, due to the
techniques used (fire hazards associated with cutting operations involving hot
spots, etc.). The IRSN thus pays particular attention to measures adopted by
operators for controlling fire and explosion risks. IRSN evaluations integrate
available feedback on fires during cutting operations (e.g. fire in a ventilation
system filter linked to cutting operation sparks) and past explosions (e.g. 1995
explosion in the Rapsodie reactor at the CEA Cadarache site during cleaning of
a tank previously containing sodium).
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In addition, aspects related to the organisational and human factors take on particular importance given that
dismantling operations in a basic nuclear facility require considerable human involvement. As part of its
evaluations, the IRSN examines organisational measures adopted to carry out the work, for example measures to
conduct simultaneous operations in different areas of the facility or to monitor workers from specialised
subcontractors.

Main steps of basic nuclear facility dismantling
Final shutdown and dismantling of a basic nuclear facility generally includes three successive steps.
The first step involves removing the radioactive material (e.g. nuclear fuel) and radioactive waste still present
at the facility.
The second step involves disassembling equipment used in facility operation (steam generators, reactor vessel,
ventilation systems, etc.). This equipment is conditioned as waste packages and removed via the appropriate
waste management route. These operations may require new facilities to treat, package and characterise the
resulting waste. For example, a facility for treating contaminated sodium had to be built when the Superphénix
reactor was dismantled.
The final step involves the buildings and their clean-up, i.e. eliminating the remaining radioactivity by specific
treatments of the structures (removing a layer of concrete, removing dust, etc.). Following these operations,
the facility buildings can be reused or demolished, as appropriate.

Dismantling of a basic nuclear facility produces wastes and effluents that may differ significantly from what is
produced during the operating phase and in quantities that may be considerably greater, notably for very low-level
waste. These wastes and effluents must be managed to minimise their volume, determine the relevant treatments
and define their long-term fate, given their radioactive and chemical characteristics. The IRSN evaluates the
provisional characterisation of waste produced, its packaging, and compatibility between the resulting waste
packages and specifications for the associated waste management solutions. The existence of management
solutions for waste in the facility or produced by dismantling is a specific topic in dismantling. If a management
solution is not available, the operator may either create an intermediary storage area for the waste produced, or
defer waste production until the corresponding solution can be implemented. This may postpone dismantling
operations, which may in turn affect facility safety (ageing of structures, etc.). For example, the lack of a lowlevel long-lived waste disposal site, the outlet planned for graphite waste, has led to significant delays in UNGG
(gas-cooled graphite-moderated) reactor dismantling. For the IRSN, these delays mean that EDF must eliminate
the risk of collapse in the internal structures of these reactors until their dismantling (see box below).
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Dismantling of EDF reactors

Between 1976 and 1996, EDF shut down its first nuclear power reactors in France: a heavy water reactor at the
Brennilis site, a pressurised water reactor at the Chooz site, a fast neutron reactor at the Creys-Malville site and
six gas-cooled graphite-moderated (UNGG) reactors at the Chinon, Saint-Laurent des Eaux and Bugey sites. EDF
had initially planned to defer dismantling these reactors. Work thus began on partial dismantling of the
decommissioned reactors, with the aim of creating storage facilities to operate for several decades until
dismantling could be completed. In 2001, EDF changed its strategy, opting for immediate dismantling of the
facilities mentioned above. In 2003, EDF thus submitted to the ASN a report on the dismantling strategy for these
reactors. An updated version of this report was submitted by EDF in 2009. These reports were in turn evaluated
by the IRSN.
UNGG reactors
In natural uranium power reactors, which use graphite as a moderator and carbon dioxide gas as a coolant, the
internal structures are housed in a cylindrical enclosure. Consisting of structural steelwork, these structures
support a stack of graphite bricks that can weigh up to 2000 tonnes. In the Bugey and Saint-Laurent des Eaux
reactors, the graphite stack is located above the heat exchangers, at a height of 20 m relative to the reactor
enclosure base. In evaluating the dismantling report submitted by EDF in 2003, the IRSN found that little was
known about the current state of the reactor internal structures, which meant that their failure during the
planned dismantling period could not be ruled out. Such a failure, causing graphite stack collapse, would result
from loss of structural strength, due either to embrittlement of steel from thermal ageing and irradiation, or
steel corrosion under the effect of carbon dioxide gas during reactor operation, as well as air in the enclosures
since final shutdown. The IRSN concluded that the risk of a graphite dust explosion could not be totally ruled out,
if these structures were to collapse. Since this period, EDF has improved its knowledge of the condition of
structures in UNGG reactors, for which a risk of internal structure collapse and graphite dust explosion exists. In
2013, the IRSN evaluated the information from EDF on this matter with regard to dismantling the Bugey UNGG
reactor.
Lessons learned from IRSN assessment of final shutdown and dismantling reports
Importance of design
The dismantling conditions of a basic nuclear facility are significantly limited by choices made during its design.
Several old facilities were not designed to take dismantling into account. For the IRSN, failure to consider
dismantling operations at design may lead to:
difficulties in disassembling equipment, which may increase certain risks, e.g. exposing workers to ionising
radiation. For example, the cobalt coatings of certain internal structures in the Superphénix reactor became
highly radioactive through exposure to neutron radiation during the reactor's operation. The very high dose
rates measured in contact with these structures necessitated specific measures to limit personnel exposure
to ionising radiation (reactor vessel filled with water to serve as a radiation shield; specific cutting
processes);
difficulties in managing radioactive waste, in terms of quantities or management solutions. For example,
the materials chosen when the reactors were designed directly influence the dismantling waste
characteristics, due to the activation of impurities contained in these materials. In the case of the UNGG
reactors, neutron radiation during their operation made certain impurities in the graphite radioactive,
leading to the production of chlorine-36. Due to the presence of this isotope and its characteristics
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(chlorine-36 with half-life of around 300,000 years; does not remain in graphite if water is present and is
very mobile), the graphite in the UNGG reactors cannot be sent to the existing waste disposal sites and will
require a suitable facility to be built.
Given this feedback, current regulations applicable to basic nuclear facilities require that from the licence
application stage, the applicant must submit a dismantling plan. The IRSN assesses the corresponding reports,
examining the operator's measures from the design stage to limit the quantity of radioactive waste produced
during dismantling, to facilitate equipment decontamination, disassembly and removal, and to limit worker
exposure during dismantling. For example, the IRSN evaluated the measures adopted from the design stage of the
EPR reactor under construction at the Flamanville site. This involved ensuring that EDF integrated maintenance
feedback from the fleet of operational reactors (e.g. component disassembly) and also checking that the design
options selected would facilitate future dismantling operations (e.g. facility layout enabling disassembly and
removal of large components such as steam generators in one piece).
Importance of good facility knowledge
A basic nuclear facility may operate over a long period (several decades in certain cases), during which time its
condition changes, due to ageing mechanisms (e.g. corrosion in structures or equipment), specific events (e.g.
leading to localised radioactive contamination in areas not accessible during operation), or modifications to
equipment or buildings. The IRSN has found that insufficient knowledge of the "real" condition of dismantling
facilities has caused several significant events reported to the ASN in recent years.
Furthermore, good knowledge of the residual quantities of radioactive material in the facilities (due notably to
neutron activation) is needed to define measures for risk control and waste management (evaluation of quantities,
definition of management solutions, etc.). The dismantling of the Strasbourg university reactor illustrates this
point. During its dismantling, the dose rate in the reactor cavity was found to be significantly higher than
expected. The subsequent investigations showed that the metal formwork equipment had been left in place after
construction and had become radioactive during reactor operation. This led the operator to review the measures
initially planned for dismantling. Feedback from past dismantling operations highlights the importance for
operators of evaluating the residual quantities of radioactive material in the facilities, which often requires indepth investigations.
A lack of knowledge on the facility's real condition can also cause uncertainty relative to specific risks and thus to
defining the appropriate solutions. In this way, uncertainty concerning the real condition of internal structures
supporting the graphite sleeves makes it difficult to evaluate the risks of graphite dust explosion in UNGG reactors
(see box above).
In conclusion, for the IRSN, operators must pay particular attention to organisational measures for collecting all
useful information on a facility's condition throughout its service life, especially with regard to deviations, events,
maintenance operations and modifications.
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APPENDIX
REPORTING CRITERIA FOR SIGNIFICANT EVENTS INVOLVING SAFETY, RADIATION PROTECTION AND
ENVIRONMENT, AS PER THE ASN GUIDE OF 21 OCTOBER 2005
Reporting criteria for significant events involving safety for basic nuclear facilities other than pressurised
water reactors:
1 – Nuclear or non-nuclear event causing death or serious injury and requiring the hospitalisation of the
injured person(s), when the death or injury is caused by a failure of process-related equipment.
2 – Manual or automatic, unintentional or intentional, activation of protection and/or safeguard systems,
except for intentional activation resulting from scheduled actions to maintain a major safety function.
3 – Event leading to the breach of one or more safety limits as defined in the safety reference framework or
the facility construction permit.
4 – Internal or external hazard for facilities: occurrence of a natural external phenomenon or one linked to
human activity, or internal flooding, a fire or another phenomenon likely to have significant consequences or
to affect the availability of equipment with a safety-related function.
5 – Actual or attempted malicious act likely to affect the safety of the facility.
6 – Event interfering with or potentially interfering with the integrity of hazardous materials confinement.
7 - Event that caused or could cause multiple failures: unavailability of equipment due to a single failure or a
failure affecting all the trains of a redundant system or equipment of the same type involved in one or more
of the facility's safety functions.
8 – Defect, degradation or failure affecting a safety function, which has had or could have serious
consequences, whether detected during facility operation or outage.
9 – Event not meeting the previous criteria and affecting a safety function but which is likely to give early
warning of an accident or which is of a recurring nature, without the cause being identified.
10 – Any other event likely to affect the safety of the facility deemed significant by the plant operator or the
French Nuclear Safety Authority.
Reporting criteria for significant events involving radiation protection for basic nuclear facilities:
1 – Exceeding the statutory annual individual dose threshold or unforeseen situation which could, in
representative and likely conditions, have resulted in exceeding a statutory annual individual dose threshold,
regardless of the type of exposure.
2 – Unscheduled situation exceeding a quarter of a statutory annual dose threshold during one-off exposure,
regardless of the type of exposure.
3 – Any significant deviation involving radiological cleanliness.
4 –– Any activity (operation, work, modification, inspection, etc.) comprising a major radiological risk, carried
out without a formalised radiation protection analysis (justification, optimisation, limitation) or without
taking exhaustive account of this analysis.
5 – Actual or attempted malicious act likely to compromise the protection of workers or the general public
against ionising radiation.
6 – Abnormal situation affecting a sealed or non-sealed source with a higher level than the exemption
thresholds.
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Reporting criteria for significant events involving radiation protection for basic nuclear facilities:
7 – Defective signalling of or failure to comply with technical conditions for access or spending time in a
limited-stay or prohibited area (orange and red areas).
8 – Uncompensated failure of radiological monitoring systems for protection of personnel present during
activities with a major radiological risk.
9 – Exceeding the inspection interval for a radiological monitoring device:
- by more than one month if a permanent collective monitoring device is involved (statutory interval of one
month);
- by more than three months if other devices are involved (when the verification intervals provided for in the
General Operating Rules or the radiation protection reference framework are between twelve and sixty
months).
10 – Any other event likely to affect radiation protection that is deemed significant by the plant operator or
the French Nuclear Safety Authority.
Reporting criteria for significant events involving the environment for basic nuclear facilities:
1 – By-passing normal channels for releases with a major impact, proven breaches of one of the environmental
release limits established in an order authorising draw-off and releases by the facility for radioactive
substances or release of an unauthorised radioactive substance.
2 – By-passing normal channels for releases with a major impact, proven breaches of one of the environmental
release limits established in an order authorising draw-off and releases by the facility for chemicals or major
release of an unauthorised chemical (excluding substances depleting the ozone layer).
3 – Proven breaches of one of these release or concentration limits established in the health regulations or an
order authorising draw-off and release by the facility for microbiological substances.
4 – Failure to comply with an operational provision fixed in an order authorising draw-off and releases by the
facility which could have had a major environmental impact.
5 – Actual or attempted malicious act likely to affect the environment.
6 – Failure to comply with the provisions of the French Order of 31 December 1999 on technical requirements
for equipment or facilities classified for environmental protection, which could have had a major
environmental impact (except deviations from release orders and waste studies).
7 – Failure to comply with the waste study of the site or facility resulting in the disposal of nuclear waste via a
conventional route or such as to compromise the conventional nature of the area.
8 – Discovery of a site heavily polluted by chemicals or radioactive materials.
9 – Any other event likely to affect environmental protection that is deemed significant by the plant operator
or the French Nuclear Safety Authority.
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