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power plants in operation in France
LESSONS LEARNED BY IRSN FROM SIGNIFICANT
EVENTS REPORTED IN 2015 AND 2016

IRSN
Enhancing nuclear safety

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

A

s a public expert on nuclear and radiological risks, IRSN, through its research,
assessment and monitoring activities, evaluates the scientific and technical issues
relating to such risks. The scope of its activities both in France and abroad is wide
and varied, and includes the safety of nuclear facilities, transport and radioactive

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

IRSN has a workforce of some

1,770 employees
To carry out its work effectively, IRSN has a

annual budget of some 287 M€.

Safety and radiation
protection require
continuous vigilance on
the part of all those
involved and can never be
taken for granted. They

As part of its activities, IRSN carries out a continuous technical watch
on safety and radiation protection for civil basic nuclear installations
and transport of radioactive materials for civil use in France.

must remain an absolute
priority to ensure
continuous improvement.

For IRSN, achieving this
goal implies constantly
expanding knowledge

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

gained from two
complementary sources,



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



"Safety at civil basic nuclear installations other than nuclear
power plants in operation in France: Lessons Learned from
Significant Events Reported in (year)", a report published
every two years since 2009, concerns nuclear fuel cycle
facilities, research laboratories and reactors, radioactive
waste treatment, storage or disposal facilities, as well as
facilities that have been shut down and are currently
undergoing clean-up or dismantling operations;



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

namely research and
careful analysis of national
and international
operating experience
feedback. Constantly
improving knowledge in
this way is essential
for performing
state-of-the-art nuclear
and radiological risk
assessments that
accurately reflect
operational and
ground realities.

As risks relating to nuclear activities are a major concern for the
French public, as reflected in the annual M IRSN Barometer on the
perception of risks and safety, these reports are intended to inform
stakeholders and the general public to improve their understanding of
concrete issues in safety and radiation protection. With this in mind,
the reports also address "general" or "cross-cutting" topics where IRSN's
expertise has helped to enhance safety and radiation protection.
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KEY EVENTS IN 2015 AND 2016
AT CIVIL BASIC NUCLEAR INSTALLATIONS
OTHER THAN NUCLEAR POWER PLANTS
IN OPERATION IN FRANCE
MAIN CHANGES IN THE NUMBER AND NATURE
OF BASIC NUCLEAR INSTALLATIONS

O

n 31 December 2016, there were 85 civil basic
nuclear installations (French acronym INB)
other than pressurised water reactors (PWRs)
in France. Of these, 54 were in service or

under construction (Figure 1) and 31 were undergoing
final shutdown (French acronym CDA) or were subject to
a decree authorising final shutdown and decommissioning
(French acronym MAD/DEM).
For the 2015-2016 period, the changes with respect to

General view of the Jules Horotwitz reactor (RJH)
under construction

the previous edition of this report covering 2013 and 2014
(referred to as the "public report on INBs other than NPPs
in 2013-2014" in the rest of this report) concern:


removal of the French Alternative Energies and



division of the radioactive effluent and solid waste

Atomic Energy Commission's (French acronym CEA)

treatment

Siloé research reactor in Grenoble, and of the French

Cadarache, belonging to the CEA, into two INBs: an

National Center for Scientific Research’s (French

effluent treatment station (French acronym STE) and

acronym

of

a waste treatment station (French acronym STD)

electromagnetic radiation (LURE) in Orsay from the

to enable the STD to continue operating following

list of INBs because they have both been delicensed;

the final shutdown of the STE in 2014;

CNRS)

laboratory

for

the

use



station

(French

acronym

STEDS)

at

the licensing as an INB of AREVA NC's ECRIN facility
(confined storage for conversion residues) at Malvési,
which was previously operated as an

35

installation

30

environmental

25

(French acronym ICPE);

20
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Figure 1 – Number of INBs other than NPPs, on 31/12/2016, by type of installation

AREVA

entities

on

the

establishment at Romans-sur-Isère;

Key events



the creation of the DIADEM INB (irradiating or alpha



the licensing as an INB of the "Parcs uranifères du

radioactive waste from dismantling) on the Marcoule

Tricastin"

site, intended in particular for storing radioactive

AREVA NC. This INB was previously covered by the

uranium

storage

site

operated

by

waste from facilities operated by the CEA that

system for defence-related nuclear activities and

cannot be stored at the CEDRA facility on the

facilities; it was declassified by decision of the Prime

Cadarache site, which is designed for low-level and

Minister in July 2016.

intermediate-level waste;

MAIN CHANGES TO THE REGULATORY CONTEXT

I

n the 2015-2016 period, the main change to the
regulation of INBs was made by



of INBs. The Act writes into the Environment Code

 Decree 2016-846

the principle of immediate dismantling of INBs,

of 28 June 2016, amending Decree 2007-1557 of

i.e. an installation should be dismantled as soon as

2 November 2007, known as the "INB procedures" decree.

possible after decommissioning;

The decree implements a number of provisions contained
in the Act of 17 August 2015 on energy transition for

the rules for the final shutdown and decommissioning



the procedures for making modifications to INBs or to
their safety baseline.

green growth, known as the "TECV Act", consolidating
three aspects of the regulation of INBs:


the conditions of performance of safety-related
activities by subcontractors at INBs;

LESSONS LEARNED FROM SIGNIFICANT EVENTS

T

he lessons which IRSN as drawn from its analysis

(French acronym ASN) in 2015 and 2016 are the subject

of

of the fifth public report by IRSN. The previous four

significant

events

at

INBs

other

than

NPPs reported to the Nuclear safety authority

reports covered the 2005 to 2014 period.

OVERVIEW
The main trends emerging from the review of




significantly compared to previous years:


the number of events1 is within the same range of
220-230 events per year (Figure 2);



the

breakdown

of

events

across

the

three

reporting fields (safety (SSE), radiation protection
(SRPE) and environment (SEE)) is similar (70-75%
SSEs, 10% SRPEs and 15-20% SEEs);

1

IRSN data.

none of the events was classed by ASN as level 2
on the INES scale;

significant events in 2015 and 2016 have not changed

none

of

the

events

had

any

significant

consequences for workers or the environment or
led to any major failure of risk control measures.
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Figure 2 – Number of significant events reported to ASN between 2005 and 2016

Significant event reporting
Under current regulations (see in particular the  INB Order of 7 February 2012), the licensee of an INB must
report to ASN any event occurring at its facility that meets the reporting criteria defined in the ASN guide dated
21 October 2005, applicable since 1 January 2006, regardless of whether the event had a radiological impact or not.
Such events are considered to be significant events.
For INBs other than NPPs, ASN has defined criteria for reporting these events in three fields: events "related to the
safety of non-PWR INBs", events "concerning radiation protection for INBs" and events "concerning environmental
protection, applicable to INBs"; the same event may be reported in more than one of these fields.

In IRSN's view, the relative stability of the annual

separate organisational entities, and that deviations are

number of significant events, together with the

commonly attributed to "failure to follow procedure"

preponderance of human and organisational factors as

(which is linked, for example, to the accumulation or

the cause of the events, observed recurrently and

increasing complexity of procedures), combined with

across different functions, suggests that the prevention

operating documentation that sometimes is inadequately

of these events during daily operation has reached

adapted to the context. IRSN believes progress with

a plateau.

day-to-day

The

trends

observed

during

previous

operational

management,

which

is

IRSN reviews are confirmed: in particular that failures

desirable to improve safety, requires improvements to

often

be made in these areas by licensees.

occur

at

the

"interfaces"

between

Key events

IMPROVEMENTS OBSERVED…
In the 2015-2016 period, two areas of improvement
particularly caught IRSN's attention:


the prevention of criticality risks at plants on the
Romans-sur-Isère

site,

halving

the

number

of

significant events compared to previous years (ten
events in the 2015-2016 period, compared to around
twenty in the 2013-2014 period). IRSN believes that
these are the first concrete results of a farreaching reorganisation of safety on the site
(reinforcement

of

the

safety

department,

establishment of an experience feedback/human
and organisational factors unit) undertaken by the
licensee between 2009 and 2015 in parallel with
renovation of the industrial facility and safety
improvements made as a result of the safety
reassessment of the PWR fuel element fabrication

Stack of the UP2-400 plant
AREVA NC La Hague

plant. This led to a significant increase in resources
dedicated



to

installation

safety,

strengthening

"operational" safety in particular.

application of the standard that defines the

As part of this, the licensee also worked on improving

measures for sampling radionuclides in a discharge

and clarifying the operating documentation for its

stack (standard NF ISO 2889-2010), used by a

facilities;

number of licensees to justify the adequacy of
their

the representativeness of activity measurements of

measures,

confidence

gaseous waste discharged through the installation's

as

provides
regards

a
the

good

level

of

assessment

of

INBs' gaseous waste discharges.

stacks, since the licensees had completed the testing
requested by ASN in 2012. According to IRSN,

…AND ISSUES REQUIRING VIGILANCE
In IRSN's view, licensees should be particularly vigilant

account of its conditions of use as well as its

with regard to the following four issues identified in

suitability for the equipment used for handling the

particular as a result of an increase in or recurrence of

cylinders;

similar types of event:




the appropriateness and adequacy of the human and

compliance with the safety requirement that the

organisational

valve on cylinders used for storing and transporting

inspections of the HEPA filters involved in limiting

measures

taken

to

carry

out

uranium hexafluoride (UF6), which has to be opened

radioactive releases, in accordance with the current

during all UF6 transfer operations (emptying, filling,

regulatory requirements. In IRSN's view, when these

sampling), be protected from impacts by a metal

activities are subcontracted, which is very often

cover. If the seal between the valve and the cylinder

the case, the licensee must ensure that it has

starts to leak, this could cause loss of containment of

taken measures enabling the persons carrying out

the UF6 and its release into the environment. Four

the work to do so in accordance with the

events at the Tricastin site in 2016 involved

requirements for compliance with the standard,

deviations affecting the valve's protective cover.

and that the contractors take the necessary

IRSN believes that the experience feedback from

measures to perform the inspections properly.

these events shows reflection is required on the

Experience feedback shows that there is still

design of the cover in respect of impacts, taking

progress to be made in these areas;
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the appropriateness and adequacy of the technical



consideration

of

the

specific features

of

the

and organisational measures associated with workers

demobilisation phases of dismantling worksites (e.g.

putting on and removing their protective clothing

treatment and conditioning of waste before its

when working in areas with a contamination risk.

removal). The dismantling of a nuclear facility often

Three events have caused the internal contamination

involves a large number of operations, some of them

of

their

simultaneous, but each with its own specific risks

protective clothing when leaving worksites involving

operators

following

the

(dispersion of radioactive materials, fire, etc.) or

alpha-emitting

uranium,

constraints (lack of space, noise, etc.). IRSN
believes that the fire on 23 September 2015 at the

areas for improvement concern skill acquisition

Monts d'Arrée site provides a reminder of the need

and maintenance among workers and require

to

changes to the content of the training given (role

demobilisation phases, for which safety analyses

play exercises presenting best practices and the

should be carried out and appropriate operational

mistakes to avoid when putting on and removing

documents provided.

clothing)

and

(such

the

as

of

plutonium and americium). IRSN believes that the

protective

radionuclides

removal

frequency

consider

the

risks

specific

to

these

of

refresher training;

 High efficiency particulate air (HEPA) filters
Before being discharged into the environment, the gaseous waste produced in an INB is filtered using a very high
efficiency filter, known as a "HEPA" filter. The filter must be able to remove the radioactive airborne particulates from
the air with a minimum efficiency of 99.9% in the least favourable configuration. Depending on the facility and the
envisaged accident situations, up to three successive levels of filters may be used.
The HEPA filters in the last filtration stage are tested every year. These tests are especially important because,
particularly in the event of an accident, the HEPA filters in the last filtration stage control the radioactivity released
from the stack into the environment; that is why their minimum filtration must be guaranteed.

HEPA filter test bench (BORA) at IRSN

Key events

UPDATE ON THE STRESS TESTS

F

ollowing the accident at the Fukushima Daiichi
nuclear power plant in March 2011, stress tests
were carried out in 2011 and 2012 on most of
the INBs other than PWRs in France, including

fuel cycle plants, experimental reactors and nuclear
laboratories in operation or at the decommissioning or
final shutdown/dismantling phases. Once these stress
tests were complete, in order to improve the robustness
of the facilities by creating a post-Fukushima "hardened
safety core", it was identified that it would be worth
strengthening existing equipment and installing new
equipment or taking measures to cope with more severe

View of one of the new emergency operation
centres built by the licensees

hazards of natural origin than previously considered in
the safety demonstrations for these facilities.
The definition and implementation of these measures,
which began in 2012, continued in 2015 and 2016. In
particular, the operators have:




introduced measures to ensure effective and robust
organisation of the management of the different
sites in the event of extreme hazards, pending the
arrival of external reinforcements. IRSN believes

built new emergency operation centres designed to

that

withstand extreme hazards. They form part of the

designing

"hardened safety core" and are designed to protect

structures, including the reinforcements (AREVA's

the human and physical resources used to manage

national intervention team (French acronym FINA)

and respond to an emergency. In IRSN's view, the

and the CEA's nuclear emergency response team

safety options chosen by the licensees for the

(French acronym FARN)), are a step in the right

design of these centres (AREVA La Hague, MELOX

direction,

Romans-sur-Isère

are

in particular to check (especially in cases of stress

adequate, but further evidence must be provided,

management) that these organisations can take the

particularly of their ability to withstand extreme

necessary

hazards and to play the role required of them for

remediation or limitation of the consequences

all feared events at the installations;

of the feared events) potentially with a limited

and

Tricastin

sites)

the

licensees'
and

analyses

validating

but

action

further

and

these

action

(diagnosis

of

actions

in

organisational

is

needed,

facility

state,

number of personnel, degraded sites and nuclear
facilities, and contaminated or toxic environments.

The post-Fukushima "hardened safety core"
The post-Fukushima "hardened safety core" is a set of
physical, organisational and human resources designed
to continue providing the vital safety functions of a
facility in the event of total loss of heat sink or on-site
and off-site power, potentially due to an external
hazard.
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BASIC
NUCLEAR
INSTALLATIONS
OTHER
THAN
NUCLEAR
POWER
PLANTS IN OPERATION IN FRANCE

REGULATORY FRAMEWORK
THE 85 INBs OTHER THAN PRESSURISED WATER REACTORS
INFORMATION REGARDING SAFETY AT INSTALLATIONS

On 31 December 2016, there were 85 civil basic nuclear installations (French acronym INBs) in
France which do not belong in the category of pressurised water reactors in operation.
These INBs are extremely diverse in nature and include research reactors, laboratories,
nuclear fuel fabrication plants, industrial irradiation facilities, and waste treatment, storage
and disposal facilities. They are either in service, definitively shutdown or being dismantled.
The nature and scale of the risks associated with them, together with the potential
consequences for workers, the public and the environment, differ significantly from one
facility to the next.
They are all subject to the regulations applicable to INBs, which were changed during the
2015-2016 period by Decree 2016-846 of 29 June 2016 amending the "INB procedures" decree
of November 2007 to incorporate a number of provisions from the Act of 17 August 2015 on
energy transition for green growth.

2

INBs other than PWRs

REGULATORY FRAMEWORK
OVERVIEW

I


n France, activities involving the implementation or
use of radioactive materials or ionising radiation and
which imply a risk of human exposure to ionising
radiation (nuclear activities) mainly concern:
medicine (medical imaging, radiotherapy, nuclear
medicine);



nuclear power generation (nuclear power reactors –
Figure 1.1, nuclear fuel fabrication or reprocessing
plants, radioactive waste treatment, storage or
disposal

facilities,

transport

of

radioactive

materials, etc.);


the food industry and the pharmaceutical industry

Figure 1.1 – View of the cooling towers at the SaintLaurent-des-Eaux B nuclear power plant

(industrial irradiation facilities used for sterilisation,
cyclotrons used for the commercial production of
These activities are subject to general provisions in the

isotopes for nuclear medicine);




industrial

test

procedures

(lead

detection

in

French Public Health Code and, depending on their level

buildings - Figure 1.2, metal mass detection at

of risk, to special legal requirements.

airports, weld tests, etc.);

Some of the facilities where these activities are carried

research (research reactors, particle accelerators,

out are covered by the regulations applicable to basic

"hot" research and analysis laboratories, etc.).

nuclear installations (French acronym INB) because of
their nature or the quantity or total activity of the
radioactive substances1 that can be held or used there.
The licensing and inspection regime for these INBs is
based on provisions in the French Environment Code
(Book V, Title IX), which are set out in the main
regulatory tests mentioned in the  previous edition of
this public report covering 2013 and 2014, which can be
consulted on IRSN's website (referred to below as the
"public report on INBs other than NPPs in 2013 and 2014").
The French Nuclear Safety Authority (French acronym
ASN) regulates safety and radiation protection at INBs.

Figure 1.2 - Niton-XLp 300 unit using x-ray
fluorescence to analyse lead levels

1

The definition contained in Article L542-1-1 of the
French Environment Code states that "radioactive
substances" includes
radioactive materials
and
radioactive waste.
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MAIN CHANGES IN 2015 AND 2016
Since  Act 2006-686 of 13 June 2006 on nuclear

applicable operational safety baseline, which must

transparency and safety, known as the "TSN Act", and

be reported to the ASN, and the dismantling phase,

 Decree 2007-1557 of 2 November 2007, known as the

the procedures of which must be approved by the

"INB procedures" decree, were passed, changes have

government on the basis of a safety file submitted

taken place affecting the regulations applicable to INBs.

by the licensee (Figure 1.3);


In 2015 and 2016,  Decree 2016-846 of 28 June 2016

the procedures for making modifications to INBs or

amending the "INB procedures" decree is the main

to their safety baseline. The decree provides for two

change. It implements a number of provisions contained

different procedures, depending on the associated

in the Act of 17 August 2015 on energy transition for

safety issues and the internal control measures put

green growth, known as the "TECV Act", consolidating

in place by the licensee: either authorisation by ASN

three aspects of the regulation of INBs:

or a simple declaration to ASN by the licensee.





rules

safety-related

In 2015 and 2016, ASN also published some regulatory

activities at INBs. The new provisions aim to ensure

on

the

subcontracting

of

decisions designed to clarify the decrees and orders

better management by licensees of subcontracted

issued on nuclear safety and radiation protection, in

activities and to prevent loss of control of the

particular related to the content of INB safety reports

conditions required for safety;

(Decision 2015-DC-0532 of 17 November 2015) and to the

rules for the final shutdown and dismantling of INBs.

classification of INBs on the basis of the safety risks they

The Act writes into the Environment Code the

present (Decision 2015-DC-0523 of 29 September 2015).

principle of immediate dismantling of INBs, i.e. as
soon

as

possible

after

decommissioning.

IRSN is involved at various stages of the process of

The

defining technical regulations, and draft texts are

procedure also makes a distinction between the final

submitted for public consultation in application of

shutdown of a facility, performed on the basis of the

Article L.120-1 of the Environment Code.

 Operating licence
 Periodic safety review (every 10 years)
 Modification licence (to take account of operating
experience feedback or a change in output, etc.)
 Specific reviews (stress tests, etc.)
Entry into force of DEM licence
Declaration of final
shutdown

Final shutdown

Delicensing

1 year
maximum

Declaration at least 2 months
before final shutdown

Decommissioning licence

Construction licence (DAC)
2 years at most for
submission of application

Publication of
DEM licence

3 years: examination
(deadline can be extended by
2 years at most)

(licensee's opinion within 2 months)

Submission of DEM
application

Administrative procedures
Technical procedures

Operation of the INB

Operations to prepare for
decommissioning

Possible continuation of
operations to prepare for
decommissioning

Decommissioning

Operation

Figure 1.3 – Key regulated stages in the life cycle of an INB
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THE 85 INBS OTHER THAN PWRs
GENERAL SITUATION AS REGARDS CIVIL INBs ON 31 DECEMBER 2016

O


n 31 December 2016, there were 127 INBs in
France, including:

42 INBs with 58 technically similar pressurised water
reactors (PWRs) in operation, all operated by the
same licensee (EDF), and the EPR (European
Pressurised Water Reactor) under construction at
the Flamanville site (Flamanville 3);



85 INBs other than the PWRs in operation, of which
54 in service or under construction (Figure 1.4) and

Figure 1.4 – General view of the Jules Horowitz research
reactor (RJH) under construction on the CEA site
at Cadarache

31 undergoing final shutdown (French acronym CDA)
or subject to a decree authorising final shutdown
and decommissioning (French acronym MAD/DEM).

Where is the list of INBs published?
The list of civil INBs in France is kept up to date by ASN and is published annually.
The list of INBs on 31 December 2016, in operation or for which a construction licence application has been
submitted in accordance with Article 7 of Decree 2007-1557 of 2 November 2007, and the list of INBs delicensed
since 13 June 2006, in application of Article L. 593-30 of the French Environment Code, is given in
Decision 2017-DC-0579 published on 17 January 2017.

CHANGES IN 2015 AND 2016 TO THE LIST OF INBs OTHER THAN PWRs

Since the  previous edition of this report covering 2013
and 2014, there have been a few changes during the
2015-2016 period in the list of INBs other than PWRs.

Delicensed INBs
The

French

(LURE) run by the French National Center for Scientific

Alternative Energies and Atomic Energy Commission

Siloé

research

reactor

run

by

the

Research (French acronym CNRS) in Orsay (INB 106) were

(French acronym CEA) in Grenoble (INB 20) and the

delicensed in January and December 2015 respectively,

laboratory for the use of electromagnetic radiation

and as a result they have been removed from the list
of INBs.
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What does delicensing an INB mean?
The delicensing of an INB is an important administrative step consisting of removing the installation from the list
of INBs. From that moment, the installation is no longer covered by the legal and administrative rules for INBs.
Delicensing can only happen once decommissioning has taken place and evidence has been provided that
the targeted final condition of the installation has been reached and, where appropriate, public service
easements have been put in. Under Article L. 593-33 of the Environment Code, the decision to delicense an
installation is taken by ASN and is subject to approval by the minister responsible for nuclear safety.

Newly created INBs
In July 2015, the INB consisting of the CEA's radioactive

been detected in the settling tanks (the use of which was

effluent and solid waste treatment station (STEDS) at

suspended in 2004), which is why the two tanks come

Cadarache (INB 37) was split into two INBs: an effluent

under the administrative rules for INBs.

treatment station (STE - INB 37-A) and a waste
treatment station (STD - INB 37-B). This split was an
administrative step taken in order to meet the CEA's
objective of continuing to operate the STD after the final
shutdown of the STE in 2014 (and its replacement by
INB 171, AGATE).

The INB known as ATLAS (AREVA Tricastin Laboratoires
d'AnalyseS - INB 176), was created on the Tricastin site in
September 2015. This INB was set up to cover the
analytical laboratories of the different AREVA entities on
the Tricastin site and the AREVA FBFC facility at Romanssur-Isère. Its purpose is to carry out physico-chemical
and radiochemical analyses to check the conformity of
the materials used by the installations on the two sites
and to monitor discharges of liquid and gaseous waste
into the environment by the installations at Tricastin.
The INB known as DIADEM (Déchets Irradiants ou Alpha
de DEMantèlement - INB 177) was created on the
Marcoule site (Figure 1.6) in June 2016.

Figure 1.5 – The settling and evaporation tanks
on the Malvési site
The INB known as ECRIN (a confined storage facility for
conversion residues - INB 175) was created on the AREVA
NC site at Malvési, in Narbonne (Aude), in July 2015.
ECRIN'S creation allows an existing facility previously
operated under the rules for installations classified on
environmental protection grounds (French acronym ICPE)
to be licensed as an INB. The liquid waste from the
process used since the 1960s at the Malvési plant

Figure 1.6 – Aerial view of the Marcoule site

(conversion of natural uranium from mines into uranium
tetrafluoride (UF4)) is neutralised with lime, transferred

This installation, which was under construction in 2017,

to settling tanks to separate the suspended matter, and

is designed in particular to store any irradiating waste

finally evaporated in evaporation tanks (Figure 1.5).

from the installations operated by the CEA on the

The waste produced contains for the most part natural
radionuclides; however, traces of artificial radionuclides
from uranium from the reprocessing of spent fuels from
gas-cooled reactors handled at the plant until 1983, have

Marcoule, Fontenay-aux-Roses, Cadarache and Saclay
sites that cannot be stored at the CEDRA facility on the
CEA's Cadarache site, which is designed for low-level and
intermediate-level waste. The DIADEM installation can
also be used for storing spent radioactive sources.
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The "Parcs uranifères du Tricastin" INB, operated by

This INB was previously under the regime for defence-

AREVA NC on the Tricastin site, was licensed as an INB

related

(INB 178) in December 2016, by decision of the ASN.

declassified by decision of the Prime Minister in

nuclear

activities

and

facilities;

it

was

July 2016.

INBS OTHER THAN PWRs ON 31 DECEMBER 2016 BY FACILITY "FAMILY"
The INBs other than PWRs are very diverse in nature.

In this report, the INBs other than PWRs in operation at

Their safety is the responsibility of around twenty

31 December 2016 are grouped into five main "families"

different types of entity (research bodies, nuclear

(Tables 1.1 to 1.4) identical to those presented in the

industrial firms, public authorities with industrial and

 public report on INBs other than NPPs for 2013-2014.

commercial activities, etc.); they are the licensees.

FUEL CYCLE INBs
Site

INB
FBFC/CERCA

Romans-sur-Isère
FBFC
Chinon

MIR-Chinon

Bugey

MIR-Bugey
UP3-A

La Hague

Type of activity
fabrication of uranium oxide fuel elements for
research reactors

Licensee

AREVA NP

fabrication of uranium oxide fuel elements for NPPs
storage of fresh fuel for PWRs

EDF

reprocessing of spent fuels

UP2-800

AREVA NC

STE-3

treatment of liquid and solid waste

Marcoule

MELOX

fabrication of mixed uranium oxide and plutonium
oxide fuel elements

AREVA NC

Malvési Narbonne

ECRIN

confined storage of uranium conversion residues

AREVA NC

Tricastin

TU5 and W
2
installations
Georges Besse II

conversion of uranyl nitrate from reprocessing into
uranium oxide
separation of uranium isotopes by centrifuging

AREVA NC
SET

"new" INB in 2015-2016

Table 1.1 - List of fuel cycle INBs on 31 December 2016

2

The W installation is an ICPE included in the TU5 INB.
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NON-FUEL CYCLE INBs
Site
Saclay

Dagneux

Pouzauges
Sablé-sur-Sarthe
Marseille

INB

Type of activity

Licensee
CISBIO international

UPRA

production of artificial radioelements

POSEIDON

industrial irradiation and ionisation

CEA

industrial irradiation and ionisation

IONISOS

industrial irradiation and ionisation

SYNERGIE HEALTH

Installation
d’ionisation de
Dagneux
Installation
d’ionisation de
Pouzauges
Installation
d’ionisation de
Sablé-sur-Sarthe
GAMMASTER
GAMMATEC

Marcoule

CENTRACO
*

Tricastin

treatment of metals by incineration or melting and
conditioning of low-level radioactive waste

DIADEM

storage of solid radioactive waste

IARU

cleanup and uranium recovery

BCOT

maintenance of nuclear equipment from other INBs

Parcs uranifères du
storage of depleted uranium
Tricastin

SOCODEI
CEA
SOCATRI
EDF
AREVA NC

Maubeuge

SOMANU

maintenance of nuclear equipment from other INBs

Bugey

ICEDA

conditioning and storage of activated waste from
PWR operation and dismantling

EDF

Creys-Malville

APEC

storage pending decay of irradiated fuels and
materials from the Superphenix reactor

EDF

AREVA NC

"new" INB in 2015-2016
*Facility under construction
Table 1.2 - List of non-fuel cycle INBs on 31 December 2016

8

INBs other than PWRs

Site

INB

Type of activity

Licensee

RESEARCH INBs AND RELATED SUPPORT FACILITIES
Saclay

ZGDS

storage and conditioning of solid radioactive waste

ZGEL (STELLA)

management and treatment of radioactive liquid
waste

LECI

irradiated fuels testing laboratory

CEA

OSIRIS-ISIS
scientific and technological research reactors

ORPHEE
Grenoble

RHF

scientific and technological research reactor

Cadarache

CABRI

Institut Laue
Langevin

EOLE
PHEBUS
scientific and technological research reactors

MASURCA

CEA

MINERVE
RJH

*

ITER

*

scientific and technological research reactor

CHICADE

STD

research and development laboratory
laboratory for the study and experimental
fabrication of nuclear fuel
waste treatment station

AGATE

management and treatment of liquid waste

PEGASE/CASCAD

storage of radioactive substances

Parc d’entreposage

storage of solid radioactive waste

MCMF

radioactive materials warehouse

LECA/STAR

laboratory for examining active fuels/treatment,
cleanup and reconditioning of irradiated fuels

CEDRA

conditioning and storage of radioactive materials

MAGENTA

reception and dispatch of nuclear materials

GANIL

large-scale heavy ion accelerator

Marcoule

ATALANTE

laboratory for research and development and the
study of actinide production

Tricastin

ATLAS

LEFCA

Caen

*

laboratory for the use of radioactive materials

ITER international
organisation

CEA

GIE GANIL
CEA
AREVA NC

RADIOACTIVE WASTE DISPOSAL INBs
La Hague

CSM waste disposal
facility
radioactive waste disposal

Soulaines

CSA waste disposal
facility

ANDRA

"new" INB in 2015-2016
« nouvelle
» INBconstruction
en 2015-2016
*Installation
under
-2016

Table 1.3 - List of research INBs and related support facilities and list of radioactive waste disposal INBs
on 31 December 2016
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INBs UNDERGOING CDA OR MAD/DEM3
Site
Saclay

Cadarache

La Hague

INB

Type of activity

ULYSSE

research reactor

LHA

high activity laboratory

RAPSODIE

research reactor

ATPu

plutonium technology facility

ATUE

enriched uranium facility

LPC

transformation of radioactive materials

STE

liquid waste treatment station

UP2-400

spent fuel reprocessing plant

STE2/AT1

treatment of liquid and solid waste/spent fuel
reprocessing facility

ELAN IIB

radioactive source fabrication

Licensee
CEA

CEA

AREVA NC

Atelier HAO

"high activity oxide" facility

Marcoule

Phenix

prototype fast-breeder reactor

Tricastin

Georges Besse I

separation of uranium isotopes by gaseous diffusion

CEA
EURODIF
Production

COMURHEX

transformation of radioactive materials

AREVA NC

PROCEDE

research facility

SUPPORT

liquid waste treatment and waste storage

STED

liquid and solid waste treatment

LAMA

very high activity laboratory

STD

storage of radioactive substances

AMI

irradiated materials workshop

Fontenay-aux-Roses

Grenoble

Chinon

CEA

CEA

Chinon A1D
Chinon A2D

graphite-moderated gas-cooled reactor

Chinon A3D
Saint-Laurent A1
and A2

graphite-moderated gas-cooled reactors

SILOS

storage of radioactive substances

Bugey

Bugey 1

graphite-moderated gas-cooled reactor

Creys-Malville

Superphenix

fast neutron reactor

Brennilis

Monts d’Arrée
Brennilis EL4-D

heavy water reactor

Chooz

Chooz A

PWR

Veurey-Voroize

SICN

fabrication of radioactive materials

SICN

nuclear fuels fabrication

Saint-Laurent

EDF

SICN

"new" INB in 2015-2016
Table 1.4 - List of INBs undergoing CDA or MAD/DEM on 31 December 2016

3

The family of installations undergoing final shutdown and decommissioning (French acronym MAD/DEM) includes
Generation 1 nuclear power reactors formerly operated by EDF, which have been shut down for several years and are now
at the pre-decommissioning stage or for which a decree authorising final shutdown and decommissioning (MAD/DEM
decree) has been published. Since these reactors no longer contain any nuclear fuel, they present similar risks to those of
a "laboratory" or "plant" facility (no risk related to reactivity or residual power of fuel in the reactor).
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SAFETY AT INSTALLATIONS

T

he INBs other than PWRs differ from PWR INBs

The "defence in depth" principle, which is used to

mainly because they are liable to use a wide

control potential organisational, human and technical

variety of different radioactive substances, or

failures, is applied by implementing five successive

chemicals.

levels of defence designed to prevent incidents and

substances

The

characteristics

(physico-chemical

forms,

of

these

quantities

of

radioactivity or potential toxicity, etc.) and their
conditions of use (processes or technologies used, etc.)
are very varied. As a result, the nature and scale of the
risks associated with such facilities, together with the
consequences

for

workers,

the

public

and

the

environment, differ from one installation to the next.
Nonetheless, this diversity does not exclude the fact that
certain aspects are common to the vast majority of them.
The importance of human and organisational factors

accidents and then, if prevention fails, to limit the
consequences (Figure 1.7):


levels 1 to 4 are listed in Article 3.1 of the INB order
of 7 February 2012;



the aim of level 5 is to mitigate the radiological
consequences of radioactive releases liable to result
from accident conditions (see in particular the
 French national response plan for a "Major
nuclear or radiological accident").

(HOF) in their operation should be highlighted. The
processes used and the activities performed at these

Limitation of the radiological impact on the population in the event
of large releases

installations generally require workers to carry out

Limitation of damage to the installation and of
impact in the event of a severe accident

operations near radioactive substances.
The safety and radiation protection measures applicable
to these installations, as in the case of PWR, follow a
primarily deterministic approach based on the "defence
in depth" principle, as well as an optimisation approach
in the area of radiation protection.

Detection and management of failures
at the installation
Maintenance in normal
operating domain
Failure
prevention
Robust design
Construction
quality
Regulation and periodic
controls
Safeguard systems and emergency
operating procedures
Additional emergency operating procedures and onsite emergency plan
Off-site emergency response plans
Source: IRSN

Figure 1.7 - The 5 levels related to the "defence in
depth" principle in France
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2

OVERALL ANALYSIS
OF SIGNIFICANT EVENTS
OCCURRING IN 2015 AND 2016

INFORMATION ON THE REPORTING OF EVENTS
INFORMATION ON IRSN'S ANALYSIS OF EVENTS
REVIEW

OF

EVENTS

AND

MAIN

TRENDS

OBSERVED

IN

RELATION

TO THE PREVIOUS YEARS
CROSS-DISCIPLINARY ANALYSIS OF THE MAIN TYPES OF EVENTS AND
CHANGES IN RELATION TO THE PREVIOUS YEARS

Under current regulations, all significant events occurring at a basic nuclear installation
(French acronym INB), regardless of whether they have a radiological impact, must be reported
to the French Nuclear Safety Authority (ASN). A detailed report must then be written about
them listing the corrective actions taken to avoid their recurrence.
This chapter presents the lessons learned by the French Institute for Radiological Protection
and Nuclear Safety (IRSN) from its cross-disciplinary analysis of significant safety and radiation
protection events occurring at civil INBs other than pressurised water reactors (PWRs) in
operation, reported to ASN in 2015 and 2016. This analysis highlights the main trends observed
and identifies changes since the  previous public report, in terms of both improvements and
issues requiring greater vigilance on the part of licensees (operating conditions, safety
management aspects, etc.).
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INFORMATION ON THE REPORTING
OF EVENTS

T

he current regulations (see in particular the

For INBs other than PWRs, these criteria are defined in

 INB Order of 7 February 2012) require the

three fields: events "related to the safety of INBs other

implementation

system

than PWRs" (significant safety events, or SSEs -

of

a

reliable

for detecting any anomalies or non-conformities

Table 2.1), events "concerning radiation protection for

occurring at installations. This system must provide

INBs" (significant radiation protection events, or SRPEs-

early detection of any deviation from the authorised

Table 2.2)

operating domain.

protection, applicable to INBs" (SEEs - Table 2.3). The

As part of this, the licensee of an INB must report to the
ASN any event occurring at its installation that meets the
reporting criteria defined in the
21 October 2005,

applicable

 ASN guide dated

since

1 January 2006,

regardless of whether the event had a radiological
impact.

These

significant events.

events

are

considered

to

be

and

events

"concerning

environmental

same event may be reported in more than one of
these fields.
Significant event reports are prepared using a form
provided in the ASN reporting guide; they are then sent
to both ASN and IRSN.
Except in recognised emergencies, significant events
must

be

reported

within

two

working

days

of

their detection.

Declaration criteria for significant safety events at INBs other than PWRs
Criterion 1

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

Criterion 2

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

Criterion 3

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

Criterion 4

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

Criterion 5

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

Criterion 6

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

Criterion 7

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

Criterion 8

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

Criterion 9

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

Criterion 10

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

Table 2.1 - Reporting criteria for "safety" events appearing in the ASN guide to the event reporting procedure,
published in 2005
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Declaration criteria for significant radiation protection events at INBs
Criterion 1

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

Criterion 2

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

Criterion 3

Any significant deviation concerning radiation cleanliness.

Criterion 4

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

Criterion 5

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

Criterion 6

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

Criterion 7

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

Criterion 8

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

Criterion 9

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

Criterion 10

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

Table 2.2 - Reporting criteria for "radiation protection" events appearing in the ASN guide for reporting events,
published in 2005

Declaration criteria for significant events concerning environmental protection, applicable to INBs
Criterion 1

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

Criterion 2

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

Criterion 3

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

Criterion 4

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

Criterion 5

Malicious attempt or act likely to affect the environment.

Criterion 6

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

Criterion 7

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

Criterion 8

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

Criterion 9

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

Table 2.3 - Reporting criteria for "environmental" events appearing in the ASN guide for reporting events,
published in 2005
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INFORMATION ON THE IRSN'S ANALYSIS
OF EVENTS
SIGNIFICANT EVENT REPORTS AND THEIR ANALYSIS BY IRSN

T

he reporting entity must submit a detailed

which need to be analysed and understood as part of

report of the event (significant event report)

the experience feedback process, to identify relevant

to ASN within two months of the initial

measures to improve facility safety.

report. This detailed significant event report

must provide information that was not known when the
event was initially reported; in particular, it must
present the progression of the event and analyse its
causes and consequences (measurement results, for
example), as well as explaining the technical or

IRSN now has processes and tools to conduct an overall
analysis of significant events, as well as their detailed
analysis. In 2015 IRSN began a project known as A2N-T,
which aims to improve this detailed analysis of events, in
particular to learn lessons applicable to all INBs.

organisational measures planned or implemented to

In order to assess the quality of significant event reports,

prevent a recurrence of the event and take account of

an issue already discussed in the

the lessons learned to improve the facility's safety.

report, IRSN has carried out a cross-disciplinary analysis

In IRSN's view, events should be seen as alerts that
signal malfunctions of varying degrees of importance,

 previous public

of more than 1,000 of these reports on SSEs, SRPEs and
SEEs that occurred in 2015 at all French civil INBs.

RESULTS OF IRSN'S ANALYSIS OF THE SIGNIFICANT EVENT REPORTS
FOR EVENTS THAT OCCURRED IN 2015
The analysis of the significant event reports for events
that occurred in 2015 revealed that around half of all

Chronological
omissions

detailed reports (48%) had omissions; these omissions
relate to (Figure 2.1):

Omissions of causes



Omissions of
impacts

lack of analysis of the underlying causes of events:
failures are corrected locally (e.g. by updating the

Omissions of
corrective actions

procedure for a particular activity during which a
human error occurred), but the underlying problems

Figure 2.1 – Breakdown of types of omission
from significant event reports

affecting the robustness of the risk management
measures taken and contributing to the occurrence



of the event (working environment, time pressure,

being taken that is unrelated to the event, isolated

non-conformities, non-robust design, etc.) are not

errors that do not require modification of a system,

discussed

organisation or procedure, old design defects

and

no

corrective

action

is

taken

to address them;

(difficult to remedy) for which compensatory

lack of corrective action to take account of lessons

measures have proved adequate, rare events with

learned from analysis of the causes: in IRSN's view,

relatively benign potential consequences, etc. In

this is linked to poor analysis of the underlying

any case, the decision not to take action can be
traced in the significant event report;

causes, mentioned above. It is easier to identify
missing actions when the causes have been properly



poor analysis of the potential consequences of

analysed. However, it should be remembered that

events. IRSN believes that this can indicate that

in certain situations, the option of not taking action

the

may

of

feedback — to challenge the robustness of the

proportionate approach to risk: similar action is

practical implementation of the defence-in-depth

be

completely

legitimate

as

part

fundamental

objectives

of

experience
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principle and to find precursors to feared events

According to IRSN, these different points and their

in these events, which improves risk management

underlying issues show that it is worth monitoring

in the long term and fills any gaps in the safety

changes in these significant event report indicators

demonstration — have been forgotten.

over time; the requirements identified by the analysis
as not being met should also be shared with the safety
authority and the licensees.

FOCUS
A2N-T project developed by IRSN regarding the detailed analysis
of significant events
In late 2015, IRSN launched a project entitled A2N-T, which aims to improve the detailed analysis (second level analysis)
of significant events in order to increase their relevance and learn lessons applicable to multiple installations or licensees
(cross-functionality) (Figure 2.2).

Integrated approach to risk
control (Radiation
Protection, Safety,
Environment)

Cross-functional approach
to installations
(PWR and other INBs)

Overall view of
nuclear risk control
from event experience
feedback from all
INBs

Summaries and
reports
 Guidance of
investigations (trends,
new issues, recurrent
themes, etc.),
inspections, R&D, etc.

Systemic approach to
events (interactions
between technical
factors/HOF, etc.)
Figure 2.2 – In-depth analysis of events as addressed in IRSN's A2N-T project

The analysis aims to find lessons that can be transposed to all installations to guide IRSN's assessment activities and direct
studies and R&D in support of these assessments, etc. It has four main functions:
1. to form a critical opinion of licensees' analyses of events provided in the significant event reports, in order to provide
reliable input data for the A2N-T analysis;
2. to monitor changes in a particular variable using an "indicator panel" approach, especially to monitor changes in a
phenomenon identified in advance, related to risk control;
3. to identify recurrences across a series of events and issue alerts about particular events, sites, activities, worker
populations, (causal) phenomena, etc. The aim is to detect emerging phenomena (e.g. due to ageing), latent defects
and incorrect practices, but also to query the relevance of any corrective actions taken in the past;

4. to promote action by IRSN on the basis of individual alerts or observable trends (that could be precursors of severe
situations, reveal degraded situations, potentially indicate generic issues, etc.) signalled by these analyses.
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Initially the A2N-T project will focus on the methodological aspects of the first two of these functions, by developing
special analysis grids to identify relevant lessons on:


the quality of the significant event reports: a guide (reading grid) has been produced explicitly stating the
information that significant event reports are justifiably expected to contain. Analysis of a significant event report
should in particular identify where the report fails to meet these expectations;



risk management: an analysis grid has been prepared for carrying out a detailed analysis of events on the basis of
the significant event reports. This grid, which is based on a risk control model structured by activity* (Figure 2.3),
covering the design, operation and decommissioning of INBs, consists of around thirty "lines of defence" (LDDs) split
into five categories (planning, preparation, implementation, experience feedback, technical and organisational
management of activities). The analysis of an event consists of identifying, for the scenario in question, the LDDs
that turned out to be deficient or effective, in order to obtain a "picture of how the risk control measures are
working" through the quantitative and qualitative analysis of these LDDs. Because the LDDs chosen to guide the
analysis underpin concrete technical or organisational measures, A2N-T actualises a socio-technical approach to risk
control that incorporates the technical, organisational and human dimensions. This cross-functional model is also
designed to assess control of the risk of exposure of workers to ionising radiation. Thus, a complementary grid has
been developed; it is built on the three areas of leverage for improving radiation protection: characterisation of
exposure, implementation of options for protection, and radiation monitoring.

A1 - Integration of
S/RP/E requirements
A2 - Reduction of coactivity
A3 - …

B1 - Risk analysis
B2 - Collective briefing
measures
B3 - …

A - Planning

B - Preparation
E - Management
(technical &
organisational)

D - Experience feedback
D1 - Production of
experience feedback
after the activity
D2 - Reactive
treatment of
anomalies

E1 - Compliant design of
SSCs
E2 - Adapted operating
baseline
E3 - Adequate
workforce
E4 - Coordination
management
E5 - …

C - Performance
C1 - Attention given to
decision-making
C2 - Requalification
after intervention
C3 - …

Figure 2.3 - The risk management model used for A2N-T

The validity of this approach has been tested in a pilot phase on more than 1000 significant events. On the basis of the
initial results and reflections on the organisation and tools required, IRSN decided to launch a project aiming for
operational implementation during 2018.
* The activity is "what is done", so each activity is planned (A), prepared (B), performed (C), its result is analysed (D) and
these different phases take place in a particular socio-technical environment (E).
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REVIEW OF EVENTS AND MAIN TRENDS
OBSERVED IN RELATION TO THE PREVIOUS
YEARS

T

here are no significant changes in the main
trends

detected

by

IRSN's

review

of

300

significant events at civil INBs other than

250

PWRs reported to ASN in 2015 and 2016,

 compared to previous years:


the number of events1 is within the same range of
220-230 events per year (Figure 2.4);



220
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200
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245

233

215

235

233

218

167

145
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the breakdown of events (Figure 2.5) between the

0
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"safety", "radiation protection" and "environment"
fields is also similar (70-75% SSEs, 10% SRPEs and
15-20% SEEs);


Figure 2.4 – Number of significant events reported to ASN
between 2005 and 2016

none of the events was classed by ASN as level 2 or
higher on the  INES scale (Figures 2.6, 2.7);



none

of

the

events

had

any

significant

consequences for workers or the environment or
led to any major failure in risk control measures.
These figures are complemented by the results of the
cross-disciplinary analysis of events presented below.
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Figure 2.5 – Change in the number of events reported to ASN
during the 2005 to 2016 period, analysed by reporting field
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Figure 2.6 – Distribution of significant "safety"
events reported to ASN during the 2011–2016 period,
analysed by INES level
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Figure 2.7 – Distribution of significant "radiation
protection" events reported to ASN during the 2011–2016
period, analysed by INES level

IRSN data.
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CROSS-DISCIPLINARY ANALYSIS OF
THE MAIN TYPES OF EVENTS AND CHANGES
IN RELATION TO THE PREVIOUS YEARS

T

he

cross-disciplinary

analysis

of

the

with

a

radiological

component

significant events shown below concerns the

environment,

events

main types of events with similar, generic or

organisational

interfaces

recurrent characteristics. It is structured by

compliance with procedures.

affecting

related

to

and

events

failures
related

the
of
to

general risk type and includes a category for events

EVENTS RELATED TO RADIOACTIVE MATERIAL DISPERSION RISKS
Overall analysis
For 2015 and 2016, 136 significant events related to

An overall analysis of these events does not reveal any

radioactive material dispersion risks were reported to

significant change compared to the 2013-2014 period.

ASN (Figure 2.8). As in 2013 and 2014, this category of

In particular, the failures observed concerning the

events accounts for the majority of reported events (42%).

second and third "barriers" (Figure 2.9) did not lead to

The breakdown of these events according to themes

releases into the environment.

related to radioactive material dispersion risks, using an
IRSN typology developed for analysis purposes, is
explained in Table 2.4.

Figure 2.9 – Outline diagram of the
containment of a nuclear installation
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Figure 2.8 - Change in the number of significant events related to the static
containment "barriers" and to the ventilation systems for the 2011 to 2016 period
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Typology of significant events related to radioactive material dispersion risk reported to ASN in
2015 and 2016

Number

(main element affected by the event)
Static containment barriers
Enclosures & glove boxes

57
(1)

(degradation of a panel, hole in a glove, etc.)

6

Crimped canisters, drums, etc. (dropping, incorrect positioning, ageing, etc.)
Process equipment

(2)

16

(ageing, mechanical degradation, design errors, etc.)

16

Liquid waste networks

7

Transport or storage container (UF6 cylinder) - Internal transport packaging

6

Rooms (partition walls, doors, etc.), liquid retention tanks

6
39

Ventilation [for negative pressurisation of the containment systems]
Ventilation of the first barrier (degradation or loss of negative pressure)

4

Ventilation of rooms (degradation, loss of negative pressure, total loss of ventilation)

35
17

Filtration systems [for purification of air from ventilation before discharge]
Degradation of the filters in the last filtration stage (HEPA level 1, electrostatic precipitator, etc.)
Insufficient filtration ratio of last stage HEPA filters

(3)

Insufficient filtration ratio of last stage iodine filters

4
10

(4)

3
16

Maintenance & inspection (failure to complete, late completion, poor execution, etc.)
Equipment constituting the static containment

10

Equipment constituting the dynamic containment

6
7

Maintenance or decommissioning worksites (non-permanent measures)
Degradation of the static containment (first barrier)

2

Degradation or loss of ventilation

5
136

Total
(1) Containment equipment used for handling radioactive materials while protecting the operator

(2) Equipment, usually welded (process equipment, pipes, vessels, valves, etc.), in direct contact with the radioactive materials
allowing their transformation and transfer to the plants (before and after the nuclear cycle)
(3) High-efficiency particulate air filters
(4) Iodine traps (for trapping radioactive gases, mainly iodine)

Table 2.4 - Breakdown by type of significant events related to radioactive material dispersion risks
reported to ASN in 2015 and 2016

As regards experience feedback related to radioactive material

Moreover, in 2015 and 2016, IRSN continued its

dispersion risks, IRSN gave particular attention to the issues of

assessment2

degradation of the protective cover on the valves of cylinders

evaporators at the UP3-A and UP2-800 plants at AREVA's

used to store and transport uranium hexafluoride (UF6) and of

La Hague site.

failure to comply with the correct filtration ratio for High
efficiency particulate air (HEPA) filters in 2015 and 2016.

on

the

corrosion

of

fission

product

These three issues are discussed below.

2

This assessment is being carried out in particular as
part of the examination of the safety review file for the
UP3-A plant (INB 116) at AREVA's La Hague site,
presented in the  previous public report.
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Issues that drew IRSN's attention as regards experience feedback related
to the control of radioactive material dispersion risks
Degradation of the valve cover on UF6 cylinders
Degradation of the mechanical protective device (cover)

in the way when the cylinders are being handled. In

on the valve of cylinders used to store and transport

relation to these events, the licensee (AREVA) began a

uranium hexafluoride (UF6) was observed during events

reflection process on the mechanical protection of the

that occurred in 2016 on the Tricastin site. The valve,

valve. There are many constraints on it: the large

which has to be opened during all UF6 transfer operations

number of cylinders and valves in circulation and the

(emptying, filling, sampling), is covered by a safety

large number of facilities using them throughout the

requirement stipulating that it must be protected from

world make it difficult to change the concept; in

impacts by a metal cover; if the seal between the valve

addition, the valve cover is operated by hand and must

and the cylinder starts to leak, this could cause loss of

therefore not be too large or too heavy to handle.

containment of the UF6.

However, IRSN believes that the experience feedback

The event that occurred in February 2016 shows that the
valve cover is not robust enough to protect the valve
fully from the kinds of impact that can occur when the
cylinders are being handled; in addition, the event in
April 2016 shows that the valve cover can sometimes get

from these events shows that the design of the cover
protecting

the

valve

from

impacts

should

be

examined, taking account of its conditions of use as
well as its suitability for the equipment used for
handling the cylinders.

FOCUS
Significant events concerning the containment of UF6 in the cylinders
used to store and transport it
Uranium hexafluoride (UF6) is an important compound in the fabrication of fuel assemblies. It is currently the only form
in which uranium is enriched at industrial rates. It is also commonly transported and stored in this chemical form.
UF6 has specific physical properties. Its triple point is close to ambient temperature and pressure conditions. It is used
industrially both in a gaseous state and as a liquid and solid. For both transport and storage, it therefore requires a
container with excellent impermeability to gases.
The solution chosen by all industrial users is a standardised cylinder: only two models with different capacities, which
also have standardised valves, are used throughout the world.
The connection between the valve and the cylinder is a tricky issue: the solution chosen for its excellent impermeability
to gases is a tin-plated screw connector (the tin alloy used for the tin-plating, which is very soft, adheres as effectively
to the cylinder as to the valve, and thus guarantees the seal). However, the connector is vulnerable to mechanical and
thermal damage:


the cylinder wall is not very thick, and the opening designed for screwing in the valve is conical. This design means
that the valve cannot be screwed in very tightly;



a large amount of the valve protrudes beyond the wall of the cylinder (relative to the thickness of the cylinder wall).
By means of a leverage effect, mechanical stress on the end of the valve can easily put the valve out of alignment;



the tin-plating melts easily, especially in a fire.
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During the storage, handling (Figure 2.10) and transport of
the cylinders, the valve is protected either by a valve cover,
which covers the valve alone, or by an overpack covering the
whole cylinder.
In France, UF6 is used particularly on the Tricastin site.
A safety requirement on this site stipulates that the valve must
be protected against impacts by a metal cover. Several events
in 2016 involved valves and valve covers:


Figure 2.10 - A UF6 "cylinder" being handled

on 8 February, the licensee noticed when removing

the protective cover from a valve, that the valve was bent.

on the Tricastin site

The cover also showed dents from an impact. Because the
dents matched the profile of a cylinder end, the licensee thought that it must have been struck by another cylinder
being handled close by. This event was classed as level 1 on the INES scale;


on 16 April, an operator was unable to pick up a cylinder in the jaws of his equipment. He decided to remove the
cover from the valve to make the cylinder easier to grab and handled the cylinder without the protective cover in
place, in breach of the safety requirement. This incident was classed as level 0 on the INES scale as the container in
question was empty;



on 1 July, the licensee noticed that four cylinders (three full and one empty) were stored without their protective
covers. It believed this was due to somebody forgetting to put the covers on. This event was classed as level 1 on the
INES scale because of its generic nature;



on 10 October, the licensee noticed that the valve on a cylinder was off-centre, the protective cover on the valve
was badly positioned and a fastening screw had been severed. This event was classed as level 0 on the INES scale.

None of these events resulted in the loss of static containment of the UF 6.

Non-compliance with the required filtration ratio for HEPA filters
Failure to comply with the filtration ratio criterion for

equipment, correct test conditions - appropriate

HEPA filters used to limit radioactive discharges from an

sampling time, etc.). In its opinion sent to ASN in

installation and, as such, are tested annually, is a non-

late 2015 on analysis of the experience feedback

compliance that can occur because of:

from this type of generic event, IRSN expressed the



the physical degradation of the filter or the
compartment in which it is installed (due to an acid
environment, the presence of a loose part, the loss of
tightness of a seal, etc.);





view that licensees should check that the human and
organisational measures in place for inspecting HEPA
filters were appropriate and adequate in accordance
with current regulatory requirements (the standard
NF EN ISO 16170,

published

in

November 2016,

the conditions of performance of the in situ tests,

replacing the standard NFX 44-011). When these

due to the design and state of the facilities (non-

activities are subcontracted, the licensee must at

compliance with recommendations in a standard,

least ensure that it has taken measures enabling the

size, corrosion of ventilation ducts, etc.);

persons carrying out the work to do so in compliance

the organisational arrangements for these tests, in

with the standard, and that the contractors take

particular performance of the tests predominantly by
external

contractors

(performance

of

test

the necessary measures to perform the inspections
properly.
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 What is a HEPA filter and how is its filtration ratio checked?
Before being discharged into the environment, the gaseous waste produced in
an INB is generally filtered using a very high efficiency filter known as a "HEPA"
filter (Figure 2.11). The filter must be able to remove radioactive airborne
particulates from the air with a minimum efficiency of 99.9% in the least
favourable configuration. Depending on the facility and the envisaged accident
situations, up to three successive levels of filters may be used.
The HEPA filters in the last filtration stage are tested every year. These tests are
particularly important because, especially in the event of a radiological accident,
the HEPA filters in the last filtration stage control the quantity of radioactivity
released from the stack into the environment; that is why their minimum
filtration must be guaranteed.
Licensees therefore periodically measure the filtration ratio of the filters using a
standardised method. This method consists of injecting a "uranine" aerosol into
the ventilation duct upstream of the filter to be tested, and measuring the
concentration of this aerosol upstream and downstream of the filter. The ratio
between the aerosol concentration upstream of the filter (CA) and the
concentration downstream of the filter (Ca) determines the filtration ratio of the
filter (FR = CA/Ca).

Figure 2.11 – HEPA filter (½ unit)

Corrosion of fission product evaporators at the La Hague plants
In 2015, AREVA proposed changes to the operating

These facts were taken into account by ASN in a decision

conditions of fission product (FP) evaporators at the

published in June 2016.

UP3-A and UP2-800 plants in La Hague, aimed at reducing
corrosion, which was occurring more quickly than
anticipated when the plants were designed. It also
proposed the implementation of a monitoring programme
to monitor development of the corrosion.
IRSN's analysis of these measures showed that it was
necessary to step up this monitoring programme in
terms of inspection frequency and the areas inspected,
and to implement the proposed measures for all FP
evaporators concerned. In 2016 AREVA proposed
measures to limit the impact of holes developing in the
evaporators. IRSN considered these measures to be
satisfactory and recommended their implementation
as soon as possible.

In parallel, in view of an anticipated reduction in the
operating time of the current FP evaporators due to the
risk of development of holes, as mentioned above,
AREVA planned to replace them with new equipment
that would be installed at new facilities.
In its review of the safety options reports for these new
evaporators, IRSN concluded that the experience
feedback concerning corrosion of the FP evaporators
had not been taken into account sufficiently by the
licensee and that the licensee should therefore
reinforce

the

prevention,

measures

monitoring

taken
and

with
impact

regard

to

limitation

as prescribed by ASN for the existing evaporators.
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FOCUS
Corrosion of the fission product evaporators at the irradiated nuclear fuel
reprocessing plants at the AREVA NC La Hague site
The AREVA NC La Hague site stores and processes spent fuel assemblies in plants UP3-A (INB 116) and UP2-800 (INB 117).
These plants are split into facilities that perform different stages of the process. The irradiated fuels are sheared then
dissolved using nitric acid in the R1 (UP2-800) and T1 (UP3-A) facilities; the R2 (UP2-800) and T2 (UP3-A) facilities are
used for separating the uranium and plutonium, and also the fission products (FP) in the dissolution solutions. At each of
these two facilities the FP solutions obtained are concentrated in three evaporators (Figure 2.12), then transferred to
storage tanks before being conditioned in vitrified waste packages. The FP evaporators at the R2 and T2 facilities were
commissioned in 1994 and 1989 respectively; they were designed for a 30-years operating period.
Between 2011 and 2015, especially as part of checks to make sure that the installations were compliant with their safety
baseline during the safety reviews of the plants, several measurement campaigns were carried out to measure the
thickness of the evaporator walls. The results of these measurements revealed greater loss of thickness of the steel
through corrosion than anticipated at the design stage in the evaporators' heated parts (boilers). This raises the issue of
the possible loss of containment of this equipment, since the metal from which they are made must be a minimum
thickness to prevent the risk of holes developing, which can lead to the dispersion of radioactive materials.
During design, a minimum thickness of twice the thickness required to resist the pressure induced by the heating circuits
was specified for the sheet steel used for the boilers in the FP evaporators (stainless steel of a grade known to withstand
corrosion under the physico-chemical conditions in evaporators). In addition, the continued integrity of the evaporators
in the event of an earthquake was justified by the minimum thicknesses of the steel minus an excess thickness known as
the "corrosion" thickness. This excess thickness amounted to a contingency to cover the anticipated loss of thickness of
the steel due to corrosion during the operating period of the equipment, which AREVA estimated to be around 30 years.

Evaporated acid

decontamination
column
Solution inlet

Solution outlet

Nitric acid + fission
products

heating cylinder

pressurised
superheated water
circuit
Incoming superheated
water

Outgoing
water

Figure 2.12 - Diagram of a fission product evaporator at the spent
fuel reprocessing plants at AREVA NC's La Hague site
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EVENTS RELATED TO IONISING RADIATION EXPOSURE RISKS
Overall analysis
In 2015 and 2016, 73 significant events related to
radiation

exposure

risks

(significant

Number of events

ionising

“radiation protection” events) were reported to
ASN (Figure 2.13).
The

breakdown

of

these

events

by

radiation

protection theme, using an IRSN typology developed
for analysis purposes, is explained in Table 2.5.

Figure 2.13 - Number of significant "radiation protection"
events in the 2011-2016 period

Typology of significant events related to the risks of exposure to ionising radiation reported to ASN
in 2015 and 2016
Failure of protection and monitoring measures

Number
24

Collective worker protection measures

7

Radiological monitoring systems

5

Individual worker protection measures

6

Safety systems with an impact on radiation protection

6

Radiological cleanliness

15

Dispersion of contamination in a controlled area

8

Surface contamination

4

Unidentified contamination or hot spots in non-controlled areas or roads

3

Management, use, transport of radioactive sources

14

Regulatory or technical errors in source management

10

Discovery of undocumented sources

2

Loss of sources

2

Radiological zoning

11

Regulatory or technical non-compliance with controlled area access conditions

7

Incorrect marking

1

Incorrect classification of areas

3

Testing of radiological monitoring equipment

6

Technical or regulatory non-compliance with periodic testing requirements

6

Contaminated liquid or solid waste management

3

Regulatory or technical waste management gaps

3

Total

73

Table 2.5 - Breakdown by type of significant events related to ionising radiation exposure risks reported to ASN
in 2015 and 2016
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Out of these 73 events, 18 led to the external or

(Figure 2.14). The circumstances and consequences for

internal

the workers of this are explained below.

exposure

of

one

or

more

workers

Consequences of significant radiation protection events for the workers affected

Number of events

Number of workers exposed in the incident

No exposure

Contamination
Extremities

Inhalation

Whole body

Transcutaneous

Clothing
External exposure

Internal exposure

Figure 2.14 – Breakdown of significant “radiation protection” events by type of exposure and
number of workers affected

External exposure to ionising radiation
The events involving external exposure to ionising
radiation in 2015-2016 occurred:


during solid and liquid waste conditioning operations
and during the cleaning of glove boxes (4 workers'
slightly contaminated on their hands). The causes,
which were different according to the events, are
linked either to human error, such as workers
removing their protective gloves before the task is
finished (Figure 2.15), or to the gloves being
unsuited to or not adequate for the operation being
performed (piercing by an object or impermeability
of the gloves being affected by the handling

Figure 2.15 – Adjusting an operator's protective
gloves

of chemicals);


rod so that it could be placed in contact with the

during maintenance operations, resulting in slight

equipment being tested. During the tests, the

contamination of clothing below the limits set in the

operator inadvertently picked up the source. The

facility's general operating rules. This contamination,

exposure time of the worker's hand was estimated to

which falls into the "radiological cleanliness" event

be 4 minutes and the "extremity (hand)" equivalent

category, is linked to the transfer of unidentified

dose was assessed as 250 mSv, i.e. half of the annual

surface contamination in the facility to workers'

regulatory limit for extremities. This event was

personal protective equipment (TYVEK paper suit,

classed as level 1 on the INES scale;

safety footwear, etc.) and is associated with failure





because of incorrect management of radioactive

to regularly monitor surface contamination and

sources

atmospheric contamination in working areas while

sources being given to workers not authorised to use

work is being carried out;

them, radioactive sources transfer errors). Although

during the performance of periodic inspections and

these cases of exposure (whole body exposure) were

tests and of tests to check equipment is working

only slightly above the predictive dose assessments,

properly and is correctly calibrated, especially

they could have

radiation

(usage

authorisation

been

limits

higher,

e.g.

exceeded,

during

a

sealed

decontamination process when a 1.8 TBq cobalt 60

radioactive sources (10 events in the 2015-2016

source was discovered in a container thought

period). For example, at the Laue Langevin Institute

to be empty.

protection

equipment,

using

in 2015, a sealed source was fixed to the end of a
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FOCUS
Radioactive sources
Sealed radioactive sources are radioactive compounds in a structure or packaging that prevents radioactive
materials from being dispersed in their surroundings in normal use. They are used in industry, medicine
and research.
They are mainly used in INBs other than reactors for the calibration of equipment used to measure radioactivity and
industrial irradiation.
Unsealed sources are also used in these INBs for research and calibration purposes (Figure 2.16).
In France, prior authorisation is required to own and use radioactive sources. Sealed sources are therefore
monitored and registered in a national database (SIGIS - radioactive source information and inventory
management system).
One of the responsibilities given to IRSN by Decree 2016-283 of 10 March 2016 is the management of the inventory
of ionising radiation sources, notably by keeping the SIGIS database* up to date.
There are currently 46,400 sources registered in the national database in use, and around 8,000 of these concern
INBs other than NPPs. Of these 8,000 sources, around 2,500 are cobalt-60 (60Co) sources, which have an average
activity per source of 400 TBq and are used in industrial irradiation. Calibration requires the use of very different
sources in terms of radionuclides and average activity per source, ranging from MBq to TBq.

2

1 1

1

3
90
Unsealed
calibration
(14C,
H,Pu238
Sr, 238
Etalonnagesource
sourceused
non for
scellée
(C14, H3,
Sr90,
, Pu,
239
Pu, etc.)
Pu239…)

2

Etalonnage
source
(Sr90, H3,(90C14,
Sealed
source
usedscellée
for calibration
Sr, 3Cs137…)
H, 14C, 137Cs…)

6

Irradiationirradiation
industrielle
Industrial
(60(Co60)
Co)
90
129 36
Recherchesource
sourceused
non scellée
(P32, S35,
Unsealed
for research
(32P,Sr90
Sr,,I129,
I, Cl…)

Cl36…)
Stockageofdeunsealed
source non
scellée
en attente
de reprise
Storage
sources
awaiting
collection
(mélanges…)

137
Travaux desource
maintenance
source(60
non
Unsealed
maintenance
Co,scellée
Cs,(Co60,
etc.)

33

Cs137…)

Use
of unsealed
source
tracer
(192scellée
Ir, 90Sr, 137Cs, 133Ba, etc.)
Utilisation
de traceur
source
non

(Ir192,Sr90,Cs137,Ba133,…)
Figure 2.16 – Breakdown of civil INBs other than PWRs authorised to hold radioactive sources by type of use

* Ownership and use of artificial radioelements has been subject to authorisation since 1952. In 1954, CIREA (the
French interministerial commission for artificial radioelements) was set up to monitor radioactive sources. CIREA
was abolished in 2002 and IRSN took over the monitoring of radioactive sources. Authorisations are issued by the
authorities responsible, the main one being ASN.
To find out more on IRSN's website:
- National inventory of sources of ionising radiation
- Repères n°14 magazine (July 2012) and Repères n°25 magazine (June 2015): Administrative procedure for
holding sealed sources
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Internal exposure to ionising radiation
As regards events involving internal exposure to ionising
radiation in 2015-2016 (Figures 2.17 and 2.18), the
radiotoxicological analyses performed on the basis of
suspected internal contamination gave positive results for
32 workers, four of whom had received doses of more
than 1 mSv. Contaminated undressing area tenting
(Figure 2.19)

or

incorrect

operations

to

remove

protective clothing were the cause of most of the
contamination. These events are discussed in more detail
in Chapter 3 "Key events" of this report.

Number of events

Figure 2.19 – Operators leaving a controlled area
through an airlock

Figure 2.17 – Number of internal contamination events leading to a dose of
more than 1 mSv reported to ASN for the 2006–2016 period

workers

¼ of the regulatory dose limit exceeded
Exposure above 1 mSv in a single operation
Exposure below 1 mSv in a single operation
Exposure below the dose assessment threshold
Figure 2.18 – Number of workers involved in an internal contamination event
in 2015 and 2016
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EVENTS RELATED TO CRITICALITY RISKS
Overall analysis
For 2015 and 2016, 40 significant events related to

None of these events had significant radiological

criticality risks were reported to ASN (Figure 2.20).

consequences for the installations, population or
environment.

Figure 2.20 - Change in the number of
significant "criticality" events in the
2011-2016 period

 When does a medium containing fissile material become critical?
A medium containing fissile material becomes critical when the rate of neutron production (by fission of
that material – Figure 2.21) is exactly equal to the rate at which the neutrons disappear (through absorption
and external leaks).

Uranium nucleus

fission
products

Uranium nucleus
fission products

Figure 2.21 - Diagram of a fission reaction

Findings concerning the breakdown of events by installation type
Half of all "criticality" events occurred at INBs belong to

the Romans-sur-Isère site (7 events in 2015 and 3 in

the front end of the fuel cycle, with the two main

2016) and the Georges Besse II plant for centrifugal

contributors being the fuel element fabrication plants on

separation of uranium isotopes (5 events in 2016).

Plants at the Romans-sur-Isère site
For plants at the Romans-sur-Isère site, the number of

renovation

reported events halved compared to previous years

significant safety improvement.

(around twenty events in the 2013-2014 period). This
trend can be explained by the licensee's implementation
in early 2013 of a criticality risk prevention improvement
plan (the APRC project), begun in parallel with the

of

industrial

equipment,

delivering

a

The APRC project covers both analysis of experience
feedback and review of existing operating practices in
order to improve prevention of criticality risks, especially
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by taking compensatory action when permanent measures

reorganisation of safety at the site (reinforcing the

cannot be implemented in the short term; as part of this,

safety

the licensee also worked on improving and clarifying the

feedback/human and organisational factors unit).

operating baseline of its installations.

These changes led to a significant increase in the

In the conclusions of its assessment of the safety
review report for the plant that fabricates fuel
elements for PWRs (INB 98), presented at the Advisory
Committee for Laboratories and Plants meeting in
November 2015, IRSN noted that, between 2009 and
2015, the licensee had carried out a far-reaching

department,

resources

setting

dedicated

to

up

an

experience

installation

safety,

strengthening "operational" safety in particular. IRSN
believed that this reorganisation would improve safety
at the installation and specified the issues to be given
particular

attention

by

the

licensee,

e.g. documentation management and structure.

Georges Besse II plant
The GBII plant was commissioned in 2014 and the gradual

failure to follow operating instructions related to

entry into production of its enrichment cascades was

management

completed in 2015. The events at GBII are mainly due to

the equipment.

of

the

quantity

of

uranium

in

Georges Besse I plant
The

GBI

plant

has

been

undergoing

final

after production was shut down, made it possible to

shutdown/decommissioning since 2015. The number of

estimate more accurately the masses of residual uranium

events reported at GBI fell significantly (4 events

in the process equipment. The analysis of the events

reported in 2015 and none in 2016) compared to the

that occurred shows that they were due to non-

figures for previous years (12 events in 2013-2014). It

compliance with the operational requirements or to

should be mentioned, however, that the operations to

deviations from the operating domain specified in the

prepare for decommissioning (intensive rinsing of the

general operating rules of the plant.

circuits and process equipment), which began in 2012

Findings concerning the breakdown of events by different methods for controlling criticality
The findings concerning the breakdown of "criticality"

In IRSN's view, an event linked to the discovery in 2016,

events by different methods for controlling criticality3

at a fuel fabrication plant in the United States, of an

 previous public

accumulation of fissile material in a scrubber, provides

report. None of the deviations or violations observed

a reminder of the importance of control measures and

jeopardised the safety of the installations, mainly

equipment designed to ensure compliance with the

because of the design basis and margins allowed with

limits for the parameters associated with the relevant

regard to criticality risks.

control method (weighing to check mass, chemical

are similar to those given in the

analyses to check concentration, etc.).

3

Further information on criticality control methods and,
more generally, on criticality risks and the means of
preventing these risks appears in the  IRSN guide to
criticality risks in “plants and laboratories” INBs
available in French on the IRSN website.
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FOCUS
Criticality risks associated with the accumulation of fissile material in ventilation
ducts: when powder is (re-)deposited in ventilation systems
Some INBs, especially nuclear fuel fabrication
plants, use radioactive material in powder form,
which can easily make its way into ventilation
systems and form deposits inside those systems
(Figure 2.22).
Several events revealing an accumulation of
radioactive material have occurred in France in
the past at this type of installation. In 2016,
attention was refocused on this issue by the
recovery of around 200 kg of material from a
scrubber in a ventilation line used for filtering and
recovering uranium residues from the process, at a
fuel fabrication plant in the US.
Figure 2.22 – Example of the accumulation of fissile
material (yellowy green colour) in ventilation system
equipment at a nuclear facility

In most cases, these events are detected either
during maintenance (replacement of filters in
ventilation systems, etc.) or because unexpected

dose equivalent rates are measured by workers' operational dosimeters.
They are generally a consequence of ventilation system design or modification defects (ventilation rate too high for the
size of system, high amplitudes and variations in air extraction rates, presence of gaps) causing material to be deposited
and to accumulate in larger quantities than those considered by the facility's safety analyses.
These accumulations can have potential consequences for the safety and radiation protection of workers, both during
operation and when the facility is dismantled. These phenomena tend to reduce the margins used to justify subcriticality, especially where other malfunctions occur (advent of moderating materials*, geometrical non-conformities
as a result of modifications to the ventilation system, etc.).
The risks of criticality during operation, associated with the presence of highly dispersible powders, are identified and
protection is provided by measures to ensure strict compliance with the limits for mass of material, geometrical shape
and distance between equipment, quantities of moderator in the vicinity, etc.
For ventilation systems identified as being at risk of accumulation of radioactive materials, preventive measures and
special monitoring may be applied to the affected areas, e.g.:


the use of equipment to limit intake at source;



the installation of inspection hatches;



regular cleaning;



regular video inspections;



regular dose rate measurements, etc.

* Hydrogenated materials, which slow down neutrons and increase the probability of fission occurring when fissile
material is present, are referred to as "moderating".

31

Safety at civil basic nuclear installations other than nuclear power plants in operation in France
IRSN therefore considers that particular attention

which operators carry out interventions; action is also

should

of

necessary to improve and maintain the skills of

accumulation, especially monitoring of changes in the

personnel in this area (training, mentoring, etc.).

masses accumulating in filters, changes in the head loss

Particular attention should also be given to the

of scrubbers, changes in dose equivalent rates near

preparation and management of non-routine work

equipment, etc.

(special tasks, modifications, maintenance), so that

IRSN

be

also

given

to

recalls

certain

the

"weak

signals"

importance

of

safety

the most comprehensive risk analysis possible is

requirements being properly identified in operational

produced. The event in September 2015 at the Romans-

safety documents (the requirements should be clearly

sur-Isère site, in which the safe height was exceeded in a

explained in operating documents) and the measures

liquid effluent tank during a periodic inspection,

included in these documents to comply with those

presented in Chapter 3 "Key events" of this report,

requirements taking account of the conditions in

illustrates this point.

EVENTS RELATED TO FIRE AND EXPLOSION RISKS
Overall analysis
There were 26 events related to fire and explosion risks
reported to ASN in 2015, and 18 in 2016 (Figure 2.23).
The events reported in 2015-2016 are very similar to the
events

of

the

same

type

reported

in

the

2013-

2014 period.
Analysis of the events in 2015 does not reveal any specific
phenomenon to explain the peak in that year.

Events related to fire risks
Events related to fire risks concern (Table 2.6):


outbreaks of fire or smoke emissions, especially
during work involving hot spots or due to equipment
heating up. Outbreaks of fire caused by work
involving hot spots (grinding, welding, etc.), though

Figure 2.23 - Number of significant events related to
fire and explosion risks during the 2011-2016 period


consisting of late or incorrect performance of

relatively uncommon, continue to occur on a regular

periodic inspections and tests of fire protection

basis at INBs, despite licensees' efforts to improve
the preparation and execution of this type of work.
The fire on 23 September 2015 in the Brennilis
reactor, presented in Chapter 3 of this report, is a
key event in this respect;

failure to comply with the operating rules, mostly

systems;


malfunctions of fire protection systems, especially
fire containment system devices, such as doors and
dampers, and fire detection and extinguishing
systems.

Classification of significant events related to fire and explosion risks reported to ASN

Number

in 2015 and 2016

of SEs

Outbreaks of fire or smoke emissions

16

Failures to comply with operating rules

14

Fire containment system malfunctions

5

Fire extinguishing system malfunctions

4

Fire detection system malfunctions

3

Total

42

Table 2.6 – Breakdown of significant events related to fire and explosion risks reported to ASN in 2015 and 2016,
according to type
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Events related to explosion risks
In the 2015-2016 period, there were two events related
to explosion risks:


a

the second concerns failure to apply a procedure
requiring periodic aeration of the atmosphere of

the first concerns the presence of hydrogen in a tank
despite



negative

hydrogen

concentration

measurement in the gas atmosphere of the tank.
This hydrogen concentration measurement error was

unventilated tanks (air is blown in at the top or
bottom of the tank (bubbling) and then removed via
the tank vent), despite the risk of hydrogen
formation through radiolysis.

linked to the gas analysis time, which was too short

In neither event was the hydrogen concentration

to be reliable;

reached above which the gas can ignite (4% of the air
by volume).

EVENTS AFFECTING THE ENVIRONMENT WITH A RADIOLOGICAL COMPONENT
Overall analysis
During 2015 and 2016, 34 significant
events affecting the environment
(significant "environmental" events SEE) with a radiological component
were reported to ASN (Figure 2.24).
As in previous years, these events
had

negligible

radiological

consequences for the general public
and the environment.
The breakdown of these events by SEE
reporting criteria given in ASN's 2005

Figure 2.24 – Number of significant "environmental" events with a
radiological component during the 2011-2016 period

reporting guide is shown in Table 2.7.
The majority of the events were caused by failure to

authorising discharges. This issue is examined in the two

comply with an operational requirement in the orders

paragraphs below.

Classification of significant "environment" events with a radiological component reported to
ASN in 2015 and 2016

Number
of SEEs

Failure to comply with an operational requirement in the order authorising discharges
(criterion 4)

20

Discovery of nuclear waste in waste considered to be conventional (criterion 7)

6

Circumvention of normal discharge practices or release of amounts known to exceed
discharge limits set by the order authorising discharges by the facility (criterion 1)

4

Other (criterion 9)

4

Total

34

Table 2.7 – Breakdown of the number of significant "environmental" events with a radiological component
reported to ASN in 2015 and 2016, according to type
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Failure to measure gaseous waste discharges
Eighteen events concern failures to measure gaseous

cause a temporary loss of continuous monitoring of

waste discharges. These events have a variety of causes,

discharges. In IRSN's view, these events highlight the

including

need for all licensees to give proper attention to

chance

equipment

failures

as

well

as

organisational or human failures during operational tasks

ensuring

and maintenance work. The main deviations observed

discharges from their INBs enable them to comply with

are linked to common types of measuring equipment

all requirements laid down by the corresponding

failures,

authorisations.

especially

of

their

power

supplies

and

that

technical

systems

for

monitoring

instrumentation and control, or loss of the ventilation
necessary for measuring discharges, all of which can

Failures related to measurement of the activity of gaseous waste discharges
Two events in 2015 concerned failures to measure the
activity of gaseous waste discharges (Figure 2.25). In
the

 previous public report, IRSN mentioned that, in

late 2012, because of the generic nature of this type of
event, ASN had asked the licensees of INBs other than
NPPs to present the measures they had taken to sample
gaseous waste from discharge stacks and to carry out
certain checks aimed at ensuring these samples were
representative. In 2016 IRSN sent ASN the conclusions of
its analysis of the licensees' responses to this request.
IRSN found that application of the standard defining the
measures for sampling radionuclides in a discharge stack
(standard

NF ISO 2889-2010),

licensees

use

to

justify

which
the

a

number

adequacy

of

of
the

measurements they take in the stacks, provides a good
level of confidence for assessing the gaseous discharges
of INBs. However, IRSN also felt that the licensees'
responses only provided partial evidence of compliance

Figure 2.25 - Ventilation stack at the UP3-A plant,
AREVA NC La Hague

with the standard. The information submitted showed
that only certain criteria, which differ according to
licensee or indeed installation, were considered. IRSN
believes that it is necessary to check the homogeneity
of the aerosol concentration in the section of the
stack at the sampling point and the ability of the

sampling lines to deliver the aerosols to the measuring
equipment, in the case of particles representative of
aerosols discharged during normal operation and in
accident situations.
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Historic plutonium discharges into the Loire
In

2015

and

2016,

there

were

no

significant

environmental events concerning the "discovery of a site
significantly

polluted

by

chemicals

or

radioactive

materials" (SEE reporting criterion 8 in the 2005 ASN
guide mentioned above), whereas there had been two in
2014. On this issue, IRSN mentions that, as part of its
role, it carries out diagnoses and assesses risk for the
public and the environment in such situations.

 The 1969 and 1980 accidents at the SaintLaurent-des-Eaux NPP

Figure 2.26 – Sectional view of a sediment core
sampled at Montjean-sur-Loire

At EDF's Saint-Laurent-des-Eaux site, in addition to
the two 900 MW PWRs commissioned in 1981, two
less powerful (480 MW and 515 MW) Generation 1
GCR reactors (SLA1 and SLA2) were operated from
1969 to 1990 and 1971 to 1992 respectively. They
are currently being dismantled (Table 1.4).
Accidents occurred during their operation leading
to the melting of fuel elements (at SLA1 in 1969
and SLA2 in 1980), and accidental contamination of
a spent fuel pool (at SLA2 in 1980).

For example, in July 2015, working with the University of

For more information:  The 1969 and 1980
accidents at the Saint-Laurent-des-Eaux NPP, on
IRSN's website (in French).

Laurent-des-Eaux nuclear site, downriver from Orléans.

Tours, IRSN took a sedimentary archive from the banks of
the Loire at Montjean-sur-Loire, downstream of Angers,
to look for traces of historic discharges. The analysis of
these sediments (Figure 2.26) revealed the presence of
plutonium (which does not exist in a natural state).
The results of the analyses show peaks in plutonium
concentrations in 1969 and 1980, which probably correspond
to releases as a result of the accidents at the Saint-

EVENTS RELATED TO FAILURES OF ORGANISATIONAL INTERFACES
Modern organisations are based on the principle of

In this context, the failure of organisational interfaces

"division of labour" inherited from Taylorism. This

can have a variety of consequences that are not always

principle, which is designed for a linear production line-

easy to detect… This failure manifests itself as a cross-

type system, is less efficient in a distributed system in

organisational, recurrent underlying cause of numerous

which improvements made over time (just-in-time,

events

versatility of resources, subcontracting, etc.) and the

defects, inappropriate lockout and lockout removal

development of media specifically designed for working

processes, expiry of inspection deadlines, unauthorised

cooperatively (shift log, information system, scheduling

access to controlled areas, alignment errors, etc.).

(maintenance

non-quality,

requalification

system, tracking sheet, etc.) have allowed the parallel
performance of activities to increase.
Many separate organisational entities are involved in the
operation of a nuclear installation. Risk control is based
on essentially collective operation requiring appropriate
definition of roles and responsibilities, coordination,
collaboration, communication, and so on. They are at the
root of a large number of significant events that occurred
in 2015 and 2016.
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FOCUS
Example of an organisational interface failure during alignment activities
Alignment is the connection or isolation of two parts of a circuit that can carry a fluid (Figure 2.27)
or electrical current.
It looks simple, but can be a source of errors due to the large number of routine alignments to be carried out during
certain facility operating periods or, conversely, because alignments are not often carried out in certain parts of the
facility. Because of the potential consequences of alignment errors at a facility (unavailability of important protection
systems, inadvertent releases, etc.), it is important to give particular attention to assessing the risk control measures
used by licensees to make alignments safer. As with other activities liable to have an impact on safety, system and
circuit alignments require robust organisational measures (preparation for the activity, risk analysis, quality of work and
monitoring of actions).
In the last few years, several significant events related to this type of activity, particularly concerning transfers of
liquids between installations, have occurred at INBs other than NPPs. IRSN has counted these events for the purposes of
cross-disciplinary analysis. The results of this analysis reveal failures in all links in the alignment chain. A lack of care or
training is regularly mentioned as the cause of these events in the analyses presented by licensees; however, in most
cases, this is not the root cause, which tends to be poor work station ergonomics (marking and accessibility of
equipment, etc.), but also poor
organisation, especially from the point
Empty tank

Fume hood
Full tank

of view of managing organisational
interfaces (management of coactivity, use of appropriate resources,

Valves

Pumps
Transfer to be
performed
Valve open, transfer
possible

etc.). Since good preparation is one
of the main factors of reliable
performance of an activity, to
ensure an activity is properly
prepared it is necessary for
preparation to be shared between

key

everyone responsible for the activity
and the operating teams, in order to
identify, among other things, any co-

Figure 2.27 – Example of circuits for the transfer of liquids
between different installations that require alignment

activity situations and coordination
requirements.

Similar observations have been expressed by IRSN with regard to power reactors, in its

 report on safety and

radiation protection at nuclear power plants in France in 2015.
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Findings of IRSN's analysis of events
The cross-disciplinary analysis of significant events shows

 considering the consequences of a failure for the

that failures often occur at "interfaces", though this is

control of risks or degraded situations (e.g. what

rarely mentioned in significant event reports. The

happens if information is not passed on or is passed

resulting

with

on incorrectly? What happens if the coordination of

communication problems or failure to comply with

events

are

generally

associated

those involved in the task is delayed? What happens

procedures (see the section on "Events related to

if the activity is carried out under different

compliance with procedures" below).

conditions from normal?);

In IRSN's view, rather than being about relationships

 considering the robustness of the coordination

between people or compliance with procedures,

procedures (e.g. what measures are taken to

coordination, collaboration and communication should

manage the interfaces? Are any mid-activity reviews

be viewed as organisational issues. The measures taken

carried out or is there a means of managing

to comply with the rules defining the installation's

deviations? Are the physical media or software used

authorised operating domain and those taken to

for coordination appropriate? Is communication

comply with the defined requirements need to be

encouraged when activities are carried out a long

questioned. This questioning process can guide field

distance or time apart?).

observations by:

When the failure of an interface can have significant

 identifying the risks associated with the interfaces

consequences, the analysis should even go as far as

between teams (e.g. which entities are involved in

questioning the principles followed when structuring

the activity? Is the perimeter of each team's

the organisation of the activities (e.g. is the division of

responsibilities

labour between several teams appropriate?).

clear,

without

any

gaps

or overlaps?);

EVENTS RELATED TO COMPLIANCE WITH PROCEDURES
Experience feedback from events reveals that deviations

exercise the correct amount of care or have the correct

are often attributed to "failure to follow procedure".

"culture". Corrective action generally focuses on training

Almost automatically, the licensees' analysis concludes

workers and changing procedures, even if the procedure

that workers did not have enough training or did not

in question was not actually used.

Findings of IRSN's analysis of events
In IRSN's view, the root causes of a failure to follow

 maintaining

overall

coherence

by

avoiding

any

procedure should include the design of the procedure

"layering" effects. This means paying attention to the

or of the work situation that makes the procedure

processes of design and management of changes and

difficult to follow. These causes are rarely mentioned

the availability of documents to workers, at the right

in significant event reports.

time;

Three complementary aspects should be considered when
addressing this subject:

 setting the rules, and legitimising and supporting the
use of procedures. This depends on managerial action.

 checking the intrinsic relevance of the procedures, in
accordance with "best practice". The involvement of
operational personnel in procedure design is a good
way of achieving this;
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FOCUS
Designing a relevant procedure
A procedure is an operational document that describes a sequence of operations to be performed to accomplish a
particular task (Figure 2.28). Its purpose is to bridge the gap between the knowledge required to perform a task and
the knowledge that the operators are assumed to have.

Task to be
performed

Users

Procedure

Figure 2.28 – Schematic diagram of procedure design
To be understood, applicable and applied, a procedure must have certain characteristics. It must:


be correct: it contains the right information, with no errors. It reflects the actual state of the facility;



be readable and understandable: it is concise, unambiguous and explicit, in both its text and its diagrams. Its
consistency (format, logical structure, vocabulary, etc.) with the other applicable documents is guaranteed;



provide the correct level of guidance to operators: it conveys an appropriate level of knowledge (neither too little,
nor too much);



be suitable for the situation in which it is applied: it is in a suitable form for the environmental conditions
(brightness, climate, etc.), clothing constraints (wearing of protective goggles, gloves, etc.), postural constraints
(working on a ladder, in a crouching position, etc.), time constraints, and any collective dimensions of the task.

In addition, "the procedure cannot control risks on its

the rules will guarantee safety. In practice, this means

own". More than 40 years of research and practice in

working together to achieve the manifold objectives

the human and social sciences and more than a

involved

hundred major industrial accidents, in both the

conditions acceptable to the individual, the team, the

nuclear sector and conventional industries, have

company and society. When sight of this goal is lost,

shown that risk control depends on factors other than

the arsenal of rules that are supposed to guide the

procedure alone.

organisation and performance of operational activities

Additional

lines

of

defence,

particularly

the

ergonomics of technical systems, the organisation of
work, and the professional training of personnel at all

in

operating

industrial

facilities

under

at facilities involving risk can cause operational
personnel to lose confidence in procedures and to
distance themselves from documents.

hierarchical levels are vital. The events that occur at

The existence of margin for manoeuvre is therefore

industrial facilities show on a daily basis that neither

essential to risk control. In addition to written rules,

the existence of written documentation, nor its strict

which can never be adapted exhaustively anyway,

application by operators can guarantee flawless risk

room must be left for the expression of practical

control during operation.

intelligence, expertise in the job and the experience

The complexity of systems and the difficulty of
describing

their

function

exhaustively

make

it

gained

by

professionals,

sometimes

through

oral transmission.

unrealistic to expect that unconditionally following
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The real challenge is to ensure the professionalisation

be met throughout the decision-making chain that

of

runs

all

operational

personnel

(operators,

local

managers, those who design procedures, etc.) and the

through

the

company,

from

the

highest

hierarchical level down to the operator.

maintenance of a sense of the safety requirements to

Normative safety, adaptative safety: opposing concepts?
For the last ten years or so, research into safety has made a distinction between two types of safety: safety based on
anticipation (normative safety), and safety based on dynamic adaptation (adaptative safety). The first relies on the use
of requirements and formal measures (authorisations, rules, procedures, equipment, automatic controls, and barriers
of defence); its improvement demands standardisation, rationalisation, anticipation of situations, correction of
deviations, etc. The second requires mobilisation of the ability to anticipate and respond to failures not predicted by
the organisation. Its improvement demands the anticipation of unforeseen events. Contrary to popular belief, the two
types of safety are not opposites, but are complementary and in reality constantly work together. Safety relies on the
relevant, balanced use of both capacities – prediction/anticipation and reaction/adaptation to the unexpected –
according to the situation.
In the context of work being done by the Steering Committee for Social, Human and Organisational Factors (French
acronym COFSOH) set up by ASN, IRSN is a member of the working group looking at the relationship between
normative safety and adaptative safety (set up in 2015), which aims to improve knowledge-sharing through
discussions of practical cases taken from different risk management situations (nuclear, medical, aerospace, etc.).
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3

KEY EVENTS

EVENTS RELATED TO RADIATION PROTECTION REPORTED IN MAY 2015 AND
JUNE 2016

AT

THE

CEA

CADARACHE

SITE

AND

IN

JUNE 2016

AT THE EDF SAINT-LAURENT A SITE
EVENT

RELATED

TO

CRITICALITY

ON

22 SEPTEMBER 2015

AT THE ROMANS-SUR-ISERE SITE
EVENT RELATED TO FIRE ON 23 SEPTEMBER 2015
AT THE MONTS D’ARREE SITE

This chapter presents five of the most significant key events that occurred in 2015 and 2016,
illustrating the issues (radiation protection of operators, control of criticality risks at
FBFC/Romans-sur-Isère and control of risks associated with decommissioning) mentioned in
the chapter on the cross-disciplinary analysis of events.
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EVENTS RELATED TO RADIATION
PROTECTION REPORTED IN MAY 2015
AND JUNE 2016 AT THE CEA CADARACHE
SITE AND IN JUNE 2016 AT THE EDF
SAINT-LAURENT-A SITE
These three events led to the internal contamination of workers during the dismantling of nuclear
facilities. They revealed shortcomings in the preparatory phases of dismantling projects and
inappropriate practices given the risks of worker exposure to ionising radiation.

BACKGROUND

W

hen a nuclear facility is dismantled, the

regarding

risks of exposure to ionising radiation

workstation studies, radiation protection zoning,

are different from the exposure risks

etc.) combined with meticulous preparation (prior

during operation because the facility is in a

risk analysis, radiation mapping, etc.), organisation

different state. Certain operations (dismantling of

and running of the projects are essential if the

equipment, cutting, demolition, handling, etc.)

specific requirements of dismantling activities are

sometimes require personnel to be close to or in

to be properly taken into account. The same

contact with irradiating objects or radioactive

applies to monitoring the workers on these sites.

materials

Two types of monitoring are used, each with a

liable

to

be

inhaled

or

ingested.

protective

equipment,

preliminary

Consequently, dismantling operations are such that

specific purpose in view of the defined objectives:

the risks of contamination or irradiation of



personnel

require

protection

and

particular

safety,

security

constraints

radiation

at 'alpha-risk' worksites).

workers require major attention from licensees to
account

of

the

monitoring
of

through

workstations

radiation
(radiation

monitors, periodic radiological checks, etc.);


personal

monitoring

through

individual

reference monitoring (passive dosimetry and,

The aspects related to radiation protection for
take

monitoring

and

requirements to be taken into account (especially

collective

specific

features

of

dismantling operations. Taking an approach that
optimises radiation protection (definition of dose
objectives and justification of the choices made

where

there

is

a

risk

of

internal

contamination, whole body counts and/or
radiotoxicological analyses prescribed by the
occupational health physician; operational
dosimetry for workers entering controlled
areas).

 What is an "alpha-risk" worksite?
Radionuclides that emit alpha radiation (such as uranium, plutonium and americium) present a higher risk than
radionuclides that are not alpha emitters in cases of internal contamination through inhalation, ingestion or
transcutaneously, due to their high committed effective doses per unit intake.
Anyone working in the presence of these radioelements must therefore wear a suitable protective suit. In addition to
these operational measures, and to make sure no internal contamination has occurred, special radiological controls
(radiotoxicological monitoring) are carried out (nasal mucus analysis, excreta analysis, etc.).
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BRIEF DESCRIPTION OF THE EVENTS
Events reported in May 2015 (SRPE 1) and June 2016 (SRPE 2) at the CEA Cadarache site

The plutonium technology facility (ATPu) at CEA's
Cadarache site manufactured uranium and plutonium
oxide-based (MOX) fuels for fast neutron and light water
reactors between 1962 and 2003. The final shutdown and
decommissioning

decree

for

the

installation

was

published in March 2009. The licensee undertook the
dismantling of the workstations (cleaning and dismantling
equipment, reconditioning waste, etc.).
SRPE 1

-

Two operators were

performing

cutting

operations in a work airlock classed as a high risk area for
contamination (red area). For this type of work, to

Figure 3.1 - Procedure for putting on mandatory

prevent the risk of internal contamination through

personal protective equipment (respirator mask)

inhalation, the operators, often referred to as "divers",
are equipped with suitable workwear (gloves, sealed
ventilated vinyl suit with breathable air supply or
respirator mask, etc. - Figure 3.1). When the work was

Further radiotoxicological examinations were ordered by
the occupational health physician; the results of these

finished and they left the work airlock (Figure 3.2) and

examinations revealed a committed effective dose over

were having their protective clothing removed, the

50 years associated with the internal incorporation of

radiation monitors in the undressing airlock and the first

radioactive materials that was above a quarter of the

monitoring airlock detected contamination.

annual regulatory exposure limit for workers exposed to

The radiological controls carried out by the radiation

ionising radiation (20 mSv/year) in the case of one of the

protection department revealed spots of contamination

two operators.

on the clothing of both operators, though no body
contamination was identified once their protective
clothing had been removed.

 Nuclear "divers"
Teams of divers specialising in working underwater in
hostile environments (Figure 3.3) regularly work at
certain nuclear facilities, especially at all the nuclear
power plants in France and at fuel cycle facilities,
particularly for maintenance or other work in the
spent fuel pools.
But the term "diver" is also used to refer to workers
who enter (dive) into containment airlocks (or
contaminated work areas), wearing ventilated
protective suits or filter respirators and coveralls
where the radiological conditions require.

Figure 3.3 - Diver equipped for working underwater
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SRPE 2 - As a result of a routine check (whole body

committed effective dose over 50 years that was

count), internal contamination was detected on an

between a quarter of the annual regulatory limit and the

operator working in the controlled access areas of the

annual regulatory limit itself.

ATPu

These events were classified as level 1 on the INES scale

facility.

occupational

Further
health

examinations

department

to

allowed
estimate

the
a

by ASN.

PINK VINYL OR
PERSPEX PANELS

AIR EXTRACTION

GOWNING
AIRLOCK

ENTRY AIRLOCK

WORK AIRLOCK
UNDRESSING
AIRLOCK

WASTE BIN

EXIT AIRLOCK
HAND FOOT CONTROL

AIR SAMPLING
EQUIPMENT





WORKSITE
MONITORING

RADIATION MONITOR

"work airlock": alpha-risk worksite, for example
"undressing airlock": removal of the ventilated suit with help from a “undressing technician”
"exit airlock": contamination check of the work suit and respirator mask by a trained operator

Figure 3.2 - Example of "alpha risk" worksite airlock

Event reported in June 2016 on the Saint-Laurent-des-Eaux site (SRPE 3)
SRPE 3 - The Saint-Laurent-des-Eaux site has two

legacy liquid and solid waste contaminated with alpha

graphite-moderated gas-cooled (GCR) reactors, known as

emitters. For 4 of these 25 workers, the assessed dose

A1 and A2, which were commissioned in 1969 and 1971

was between 0.5 mSv and 1.34 mSv, which is less than a

respectively and were in operation until 1990 and 1992

tenth of the annual limit of 20 mSv; for the other 21, the

respectively. The final shutdown of both reactors was

results were not significant1.

approved by decree in April 1994 and the decree
authorising the decommissioning of their installations
was published in May 2010.

This event was classed as level 0 on the INES scale
by ASN.

The event reported in June 2016 was due to the
notification of a positive result by a medical laboratory
for radiotoxicological checks carried out on 25 workers
who, from March 2014 to April 2016, had worked on
preparations for dismantling and for the removal of

1

The dose assessment thresholds used for monitoring
internal exposure refer to three concepts defined in the
report on occupational exposure to ionising radiation in
France, produced by IRSN in 2015 and  available on
the IRSN website (in French).
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ANALYSIS OF THE CAUSES OF THE EVENTS AND CORRECTIVE ACTION
SRPE 1 - The source of the radioactive particles which

An analysis of this history showed that the source of the

led to the internal contamination of two operators could

internal contamination was most likely to be inhalation

not be identified with any certainty: presence of non-

of radioactive dust due to repair of the protective vinyl

fixed contamination in the undressing airlock or on the

cover on a work airlock when the operator was not

operators' work suits. The licensee believed that

wearing a respirator mask. The work was done without

radioactive particles could have been resuspended due

wearing a mask because a prior check showed that there

to air movements when the airlock doors were opened

was no contamination on the accessible side of the vinyl

and closed, disrupting the ventilation and creating a

being replaced.

"burst" of atmospheric contamination.

SRPE 3 - The analyses carried out by the licensee

The most likely contamination path according to the

particularly highlighted deficiencies in

licensee is incorporation through inhalation. This could

personal protective equipment (PPE):

have happened during removal of the worker's protective
clothing if a seal defect in the respirator mask led to the





when radiological events occurred at the installation,
thorough investigations were carried out to determine
the origin of the internal contamination found. In
particular these investigations looked at the detailed
analysis of the workstation logs for the activities carried
out,

the

"dive"

records

for

the

areas

with

a

the air supply of the ventilated protective suits used
result, some workers did not use the suit correctly;

the licensee, this seal defect could have been caused by

SRPE 2 - Because the operator had not been present

to

on some projects has certain design defects; as a

inhalation of radioactive particles in the air. According to
an incorrect or abrupt movement during undressing.

relation

the cartridge masks were assigned to the workers
without following best practice, particularly the
performance of a "dynamic" seal test on the wearer
(adaptation of the mask to the wearer's face
shape), so they could not be adjusted properly.
In addition, it was not possible with some mask
models to lock the adjusted straps in place using
the buckles.

contamination risk, interviews with the personnel and

Besides these PPE design and usage problems, the

the operator, and radiological information sheets issued

operators

while the worker was at the installations. From this

undressing procedures. The existing procedures were not

information it was possible to find out exactly where the

sufficiently detailed and the workers had not been given

operator had worked between the date of the previous

any regular training in the correct procedure. In

negative radiotoxicology results and the detection date

addition, monitoring procedures when leaving the

of the event.

airlocks were non-existent, which meant that the bad

also

had

difficulty

understanding

the

practices were not picked up.

LESSONS LEARNED
The wearing of personal protective is required by law in

where there is a contamination risk, workers wear suits

order to protect workers from risks to their health or

to protect them from the radiological environment in

safety (Article R233-83-3 of the Labour Code). In the

order to prevent contamination.

nuclear industry, when working on a project (Figure 3.4)
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As far as managing the undressing is concerned, there can be
several reasons for the internal contamination of operators
when their personal protective equipment is removed: haste
due to design difficulties (e.g. loss of air supply to ventilated
suits, etc.), incorrect actions (narrow airlocks, unclear or
incorrect procedures, lack of regular training, over-familiarity
of the undressing procedure, etc.), poor monitoring (person
responsible for monitoring not familiar with good and bad
practices, etc.).
In IRSN's view, improvements can be made to the
content of the training given, and the frequency of
refresher courses, especially by using role play
situations presenting best practices and the errors to
be avoided when putting on and removing protective
equipment. The work airlock and the degowning areas
should be designed to facilitate these operations (e.g.
preferably
monitoring);

use

non-opaque
where

panels

necessary,

to

facilitate

technical

or

organisational measures should be implemented.
Figure 3.4 - "Divers" working on a dismantling
project

As far as respiratory equipment is concerned, any
changes in the wearer's face shape (e.g. if they have not
shaved for a few days) can affect the fit of their mask.
In IRSN's view, the best practices, consisting of a

The events described above highlight several different

systematic seal test specific to each individual mask

types of problem2, in particular the management of

before each "dive" and fitting of the mask to the

radiological cleanliness in the undressing airlock

operator's face shape, should be more widely known,

(radiological checks, periodic cleaning, waste removal,

applied and shared by the personnel involved.

etc.), the management of dressing and undressing
operations and the adjustment of respirator masks.
As regards radiological cleanliness, the cleaning and
radiological control of undressing airlocks should be
carried out at an appropriate frequency. In addition to
these measures, the radiological cleanliness of these
airlocks also relies on control of the dispersion of
radioactive contamination found on workers' suits: to
achieve this, and prevent any radioactive material
becoming resuspended, a fixative is generally applied to
the suits (to fix the contamination) before the operators
are undressed. However, this may not be done properly
(e.g. insufficient drying time allowed).

2

In the  previous edition of this report, published in
2015, IRSN also identified lessons learned from internal
contamination events related to shortcomings in the
preparations for dismantling activities and incorrect
practices for preventing the risk of worker exposure to
ionising radiation.
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EVENT RELATED TO CRITICALITY
ON 22 SEPTEMBER 2015
AT THE ROMANS-SUR-ISÈRE SITE
This event illustrates the fact that control of criticality risks relies especially on the geometry of
equipment containing fissile materials. Some of the dimensions of that equipment, the conditions under
which it is filled with the fissile material, and its location in the installation are important for preventing
any criticality risk.

BACKGROUND

T

he AREVA NP plant on the Romans-sur-

machines requires the partial or total disassembly

Isère site fabricates fuel assemblies made

of equipment in order to carry out repairs, make

from uranium for the requirements of

modifications or recondition mechanical parts.

pressurised water reactors. The plant consists of

Having been cleaned at its place of origin, in order

several

to recover the majority of the recoverable

production

buildings

where

nuclear

materials are used. They are the C1 or "conversion"

material,

building, in which the UF6, which arrives as a solid

conditioned, then taken to building AX2 for full

in containers, is converted into UO2 powder, the

decontamination. It is then sent back to its

AP2 building, which houses the activities involved

original workshop once servicing is complete.

in the fabrication of the sintered UO2 pellets from
the UO2 powder, insertion of these pellets into
sealed fuel rods and assembly of the rods in fuel
assemblies, and the R1 or "recycling" building,
where the discarded uranium-bearing materials are
processed for recycling.

the

equipment

be

treated

is

The equipment decontamination carried out in
building AX2 consists mainly of cleaning with
pressurised water or cleaning products. This type
of operation generates liquid waste, which is
collected in a stainless steel pit (Figure 3.5) with
a useful volume of

The plant also has ancillary buildings for the

2.7 m3.

Criticality

treatment of solid and liquid waste, as well as

risks

this

non-nuclear buildings and storage areas. As part of

which contains sludge

the production facility maintenance, servicing the

formed of cleaning

in

water

pit,

and

recovered

the

uranium

oxide residues, are
controlled

by

the

presence

of

a

neutron
air pipe

poisoning

Bore length 1110

4 sets of 49 tubes

Compressed

to

device consisting of
vertical tubes made
from

polyvinyl

chloride
Compressed

air pipe

grid,

containing

neutron
Figure 3.5 – Overhead view of the liquid
waste collection pit

(PVC),

arranged in a square
a

poison

(boron oxide powder
- Figure 3.6).

Figure 3.6 – Diagram of a PVC
tube filled with boron oxide
powder
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BRIEF DESCRIPTION OF THE EVENT
The integrity of the PVC tubes has to be checked

suspended the tube inspection and took a sample of the

regularly, every three years, which means removing them

sludge from the bottom of the pit for analysis. While

from the pit. To do this, the pit is emptied until it

waiting for the analysis results, the operator rinsed the

contains a maximum level of waste residues. This level,

water from the tubes over the pit to remove all traces of

which is specified as a requirement in the safety

sludge. This caused the volume of waste residues in the

documentation for the installation, guarantees the

pit to increase so that it was above the limit prescribed

subcriticality of the pit even in the absence of the tubes.

to guarantee subcriticality in the absence of the tubes.

Once the required waste level has been reached in the
pit, the licensee removes the tubes and cleans them with

There were no consequences because the mass of
uranium at the bottom of the pit was too low.
This event was classed as level 1 on the INES scale

a cloth, in order to recover any sludge.

by ASN.
During the operation on 22 September 2015, noticing that
the sludge was a darker colour, possibly because of a
slightly higher uranium content than normal, the licensee

ANALYSIS OF THE CAUSES OF THE EVENT AND CORRECTIVE ACTION
This inappropriate action was due to a decision-making

Once the event had been detected, during internal

error by the operator, which was to rinse the tubes

technical discussions about finding a suitable disposal

directly above the pit, causing the limit for the waste

solution for the sludge once the sludge sample had been

residue level to be exceeded. These tube cleaning

analysed, the operator immediately replaced the tubes

operations, which added water to the pit, are not

and emptied the pit as a precaution.

described in the safety documentation for the installation
and are subject only to a partial risk analysis in that
documentation (the possibility of adding rinsing water to

The operating instructions and safety analysis have also
been amended (no more rinsing with clear water).

the pit is not considered).

LESSONS LEARNED
In IRSN's view, this event illustrates the importance of

these activities should mention all the necessary skills

ensuring

activities

so that there is a formal record of the operating

connected with operation, such as maintenance,

procedures and operators are able to perform the

especially when these activities are not often carried

operations in compliance with the safety requirements

out

(see also the section "Events related to failures of

or

the

are

safety

only

analyses

carried

out

cover

in

exceptional

circumstances. In any case, the safety analysis for

organisational interfaces" in Chapter 2 of this report).
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EVENT RELATED TO FIRE
ON 23 SEPTEMBER 2015
AT THE MONTS D'ARRÉE SITE
This event acts as a reminder of the importance that licensees should give to analysing the risks associated
with all phases of dismantling operations of facilities.

BACKGROUND

T

he EL4 nuclear reactor on the Monts d’Arrée
site (Finistère), was an industrial prototype for
electricity

generation,

operating

on

low-

enriched uranium, moderated with heavy water

and cooled with carbon dioxide gas (CO2). The reactor
was in operation between 1967 and 1985, when its final
shutdown took place. It became the EL4-D installation
(INB n° 162 – Figure 3.7).
As part of the partial dismantling of the installation,
authorised by the decree of 27 July 2011, two heat

Figure 3.7 – View of the EL4-D installation
on the Monts d’Arrée site

exchangers used for cooling the reactor with CO2 when it
was in operation, were cut up between October 2013 and

worksite, which included the treatment and conditioning

March 2015. The cleaning up phase of this dismantling

of waste prior to its removal, was carried out in 2015.

BRIEF DESCRIPTION OF THE EVENT
On 23 September 2015, as part of the cleaning up final

The radioactive contamination checks carried out on all

operations, some workers proceeded to cut up a tool

the personnel present on the site were negative.

used on this worksite that was considered to be waste,

However, four people were slightly affected by the

inside a work airlock in the reactor containment. There

smoke from the fire.

was no particular radiological risk involved in this
operation (no significant radiological inventory).

The installation's ventilation system was automatically
shut down. No radioactive releases were measured

At around 15.30, after the waste had been cut up with a

outside

grinding machine, one of the workers noticed that a fire

environmental impact was confirmed by the results of in-

had started where wipes soaked with decontaminating

situ measurements by the mobile unit team dispatched by

and degreasing solvent had been placed. The workers

IRSN the day after the event.

raised the alarm and tried to put out the fire, but were
unsuccessful. They then evacuated the airlock.

the

installation;

the

absence

of

any

Because the fire was quickly brought under control and
there was no significant radiological inventory in the

With the fire established, the on-site emergency plan was

work airlock, the on-site emergency plan was deactivated

triggered at 16.00, which led to the mobilisation of the

at 23.10 in agreement with ASN.

public authorities and the activation of IRSN’s emergency
response centre at 17.20.

ASN classed this event as level 1 on the INES scale.

The departmental fire brigade rapidly responded and
brought the fire under control at 17.20.
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ANALYSIS OF THE CAUSES OF THE EVENT AND CORRECTIVE ACTION
Following this event, ASN carried out a reactive

The operator thought that the more general risk analysis

inspection of the site to look into, among other things,

for the dismantling project was sufficient.

the causes of the fire and the corrective measures taken
by EDF. Further information was added by the licensee in
its analysis of the event.
Because there was only a tiny amount of decontaminant
left (3 litres), which was not enough to make up a liquid
waste package (200 litres), the operators decided to soak

Sparks thrown out from the cutting to the combustible
wipes, potentially assisted by the air intake, caused the
fire to start.
The identified causes concern in particular:


cover

wipes in the product and leave them on the ground inside

as solid waste. This practice had already been used on

main

phases

of

heat

exchanger

phase;


the use of a cutting tool that creates hot spots,
when this was not originally planned, without

other worksites carried out by the licensee.
The decontaminant was not marked "flammable" (there

the

dismantling excepted its cleaning up operations

the airlock, near an air intake, to help the product
evaporate. The wipes could then have been conditioned

the fact that the existing operational documents

drawing up a hot work permit as required;


the practice of treating residual solvent by soaking

was no pictogram), so the operators said they assumed

wipes in it so that the solvent will evaporate, which

that there was no risk from placing the wipes a few

increased the quantity of combustible material in

metres from the cutting operation. However, the product

the airlock (linked to the flash point of the solvent).

has a flash point very near to the limit at which a
product is defined as "flammable".

As a result of the event, EDF revised its operating
documentation to take more account of the specific
features of the cleaning up phase of a dismantling

Flash point
The "flash point" of a product is the minimum
temperature at which the concentration of vapour
from that product released into the air is enough to
ignite in contact with a flame or hot spot under
standardised conditions.
A product is classed as flammable when its "flash
point" is below 60°C. The "flash point" value is
stated in the product's safety data sheet but not on
its label.

worksite and the associated risks.
Regarding the presence of wipes and solvent and the fire
risks associated with them (especially during hot work),
EDF banned the evaporation practice on all of its sites
and reminded its workers of the need to keep strictly to a
minimum the flammable products used.
EDF also launched a national reflection on what to do
with unused quantities of liquid waste from nuclear
waste areas, which are therefore treated as radioactive
waste, and conducted tests validating the use of a
polymer for absorbing small quantities of liquid, followed

At the same time, because of difficulties with cutting the

by disposal at the CENTRACO facility. In the medium

aforementioned waste with a sabre saw as originally

term,

planned (cold cutting), the decision was made to use a

conventional disposal, after ASN's agreement.

other

options

are

being

studied,

such

as

grinding machine (hot cutting) but without drawing up a
specific hot work permit.
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LESSONS LEARNED
IRSN considers that the event on 23 September 2015 is

Under the on-site emergency plan for the site, a small

a reminder of the need to take account of risks in all

number of EDF personnel (4 people) had to manage the

phases of a dismantling project, even if the phases are

site's contacts with all the agencies involved in the

short and pose little radiological risk. Dismantling often

emergency response: EDF's national management, the

involves a large number of operations, some of them

prefecture, ASN and IRSN.

simultaneous, but each with its own specific risks
(dissemination of radioactive materials, fire, etc.) or
constraints (lack of space, noise, etc.). Vigilance must
be maintained at all times, especially in the worksite
cleaning up phase, when dismantling is achieved.

The organisation planned by the site to cope with
emergency situations did not attract any particular
comments from ASN or IRSN, in application of the
principle of a proportionate approach to the risks.
However, it revealed its limitations. In any case, EDF

This event also highlights a potential difficulty for low-

decided to organise emergency simulations, in particular

risk nuclear sites3, where few of the nuclear operator's

in the form of internal emergency exercises in 2017, in

personnel are present.

which IRSN was a participant.

3

ASN has classified the 126 INBs into 3 categories on the basis
of their risks and disadvantages. There are currently 65 INBs in
the highest category (category 1). INB 162 is in category 2.
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4
UPDATE

CROSS-FUNCTIONAL SUBJECTS

ON

THE

STRESS

TESTS

ON

INBS

OTHER

THAN

NPPS

FOR THE 2015-2016 PERIOD
RECENT ACHIEVEMENTS AND PROGRESS WITH STUDIES AND RESEARCH
CONDUCTED BY IRSN FOR INBS OTHER THAN NPPS

As with the NPPs, the stress tests carried out in 2011 and 2012 following the accident at the
Fukushima Daiichi nuclear power plant in March 2011 showed the value of supplementing
existing protective measures at plants, experimental reactors and nuclear laboratories with
features that can withstand extreme natural hazards on a larger scale than previously thought.
An update on civil INBs other than NPPs is given in the first part of this chapter, related to the
investigations conducted by IRSN during the 2015-2016 period.
As part of its role, IRSN also defines research programmes both for itself and for other French
or foreign research bodies, aimed at obtaining new scientific knowledge and developing the
technical tools necessary to assess risks and thus to contribute to the development of IRSN's
assessment capabilities. Recent achievements and developments in this area in relation to INBs
other than NPPs are presented in the second part of this chapter, in the fields of containment
of radioactive materials, criticality, fire and explosion, and human and organisational factors.
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UPDATE ON THE STRESS TESTS
ON INBS OTHER THAN NPPS
FOR THE 2015-2016 PERIOD
BACKGROUND

F

ollowing the stress tests carried out in 2011 and

This has led to the enhancement of the existing

2012 on most of the French INBs other than

resources and the installation of new equipment or

NPPs, including fuel cycle plants and research

measures designed to withstand extreme hazards, with

facilities

the aim of improving the robustness of the installations.

such

as

the

seven

experimental

reactors (OSIRIS, ORPHEE, RHF, CABRI, MASURCA, RJH
and PHENIX), it was identified that supplementing the
existing measures to cope with more severe natural
hazards than those considered so far in the safety
demonstrations

for

these

installations

would

be

worthwhile. In this context, the severe accidents (core
melt for a reactor, dewatering of the spent fuel
assemblies stored in a pool, major releases, etc.)
associated with these extreme hazards have been defined
by the operators for each of the sites concerned.

The definition and implementation of this equipment and
these measures, which began in 2012 and 2013,
continued in 2015 and 2016. During this period, IRSN
examined both the evidence provided by the licensees
for the ability of existing parts of the installations to
withstand the effects of extreme hazards and the design
and

implementation

conditions

of

the

equipment

specifically for preventing and limiting the consequences
of the feared situations resulting from extreme hazards.
On this subject in 2015 and 2016, IRSN issued more than
twenty

documents

(opinions

to

the

authorities,

assessment reports, reports to the advisory committees).

What are the main "feared situations" identified for installations at the AREVA NC La Hague site?
The main "feared situations" identified by the licensee for installations at the AREVA NC La Hague site are:
- loss of heat sink for the spent fuel pools, concentrated fission product (FP) solution tanks, condensers for the FP
evaporators and pits used to store containers of plutonium dioxide;
- loss of the air supply used to dilute the hydrogen produced by radiolysis in certain tanks;
- loss of containment of radioactive waste through degradation of the engineered structures of the storage silos;
- fire in facilities using plutonium or in the silos used to store magnesium waste.
The options chosen to manage the consequences of these situations consist in particular of increasing the water
resources for refilling the spent fuel pools and installing emergency means of cooling the FP storage pits.
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FOCUS
Stress tests overview
Following the accident affecting the reactors at the
Fukushima Daiichi nuclear power plant, as a consequence of
the events (earthquake and tsunami – Figure 4.1) that
struck Japan on 11 March 2011, the French Prime Minister
called on the licensees of INBs to carry out stress tests on
their installations.
These stress tests consisted of assessments of the
installations’ ability to respond to extreme situations. They
focused mainly on earthquakes, floods and extreme natural
phenomena (hail, lightning, tornado) and loss of power
supplies or heat sink, including the management of severe
Figure 4.1 - Flooding on the site of the Fukushima
Daiichi nuclear power plant caused by the tsunami

accidents with a long-term effect on all or part of a site’s
installations.

on 11 March 2011
They were carried out on almost all INBs, which were divided into three categories according to the scale of the
consequences of an accident affecting them and their vulnerability to these extreme situations.
IRSN’s examination of the stress tests performed by the licensees enabled it to:

 assess the conformity of the measures taken at the installations to the requirements applicable to them;
 identify the limitations of the current safety baseline for the facilities. These limitations related, for example, to
protection against fire, or hazard combinations requiring consideration;

 supplement the existing safety measures in order to make the installations more robust as regards hazards, so that they
can cope with extreme situations not considered until now and likely to cause "cliff-edge effects*". In this context, for
some of these installations, the licensees have defined and implemented a post-Fukushima "hardened safety core" like
the one used at NPPs, composed of physical, organisational and human resources designed, in the extreme situations
studied, to prevent a severe accident, limit massive radioactive releases and enable the licensee to fulfil its
responsibilities in the response to an emergency.
* Cliff-edge effect: sudden change in an installation's behaviour, which is enough to make a slight difference to an
envisaged accident scenario, significantly worsening its consequences.
**The post-Fukushima "hardened safety core" is a set of physical, organisational and human resources designed to
continue providing the vital safety functions of a facility in the event of total loss of heat sink or on-site and off-site
power, potentially due to an external hazard.

The main progress with defining and implementing post-

relation to the investigations carried out by IRSN during

Fukushima "hardened safety cores" at civil INBs other

this period.

than NPPs in the 2015-2016 period is presented below, in
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Identifying the physical measures of the "hardened safety core"
For their installations, the licensees defined systems,
structures and components (SSC) that belong to the postFukushima "hardened safety core" and the associated
requirements (design for or ability to withstand extreme
hazards, redundancy, on-site spare parts, ability to
operate after a hazard, etc.). These systems, structures
and components, whether new or existing are diverse
(engineered structures, ventilation systems, cooling
systems - Figure 4.2, power networks, liquid retention
systems, measuring and detection equipment, fixed or
mobile equipment for the remediation or limitation
of feared situations, etc.). The equipment may be kept
at

the

installation

itself

or

at

the

emergency

operation buildings.

Figure 4.2 - Example of cooling and ventilation
systems at a nuclear facility

Concerning the files it has examined, especially those for

that the licensee should include in the "hardened

AREVA La Hague, MELOX and Romans-sur-Isère, IRSN

safety core" the water supply line to one of the spent

considered the composition of the "hardened safety

fuel storage pools, in order to compensate for a

cores" to be satisfactory overall, subject to some

potential leak, and should identify any associated

additions. For example, at the La Hague site, IRSN felt

mobile equipment.

Extreme hazards
The licensees proposed extreme hazards to be taken into

IRSN also took the view that, pending the definition of

account when designing or defining the "hardened safety

these extreme seismic hazards, the licensees should

core" that were more severe than the hazards considered

allow

when the installations were originally designed.

"hardened safety core" equipment and checking

In the case of the earthquake hazard proposed for the

significant

margins

when

designing

new

existing equipment.

"hardened safety core" of installations at the AREVA

IRSN also gave its opinion on certain extreme weather

Tricastin, MELOX and Romans-sur-Isère sites, as well as

events (snow, hail, extreme temperatures) at the AREVA

the CEA Cadarache, Marcoule and Saclay sites, IRSN felt

Romans-sur-Isère site, stating that these hazards were

that the licensees should take better account of "site-

unlikely to cause a "feared situation" for the installations

specific effects1" in an earthquake (Tricastin and

on that site.

Marcoule sites), and check the levels of earthquake to
be taken into account for the "hardened safety core"
(Marcoule and Romans-sur-Isère sites).

1

Site-specific effects are effects due to complex
geometry of sedimentary layers (multidimensional site
effect) or thick layers of sediment ("deep 1D" site effect)
on seismic movement.
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Design or verification of the physical measures of the "hardened safety core"
AREVA has proposed an approach to designing or verifying

aggravating factors by the licensees of the AREVA

the behaviour of the SSCs in the "hardened safety core" at

La Hague, MELOX, Tricastin and Romans-sur-Isère sites.

its sites. IRSN's examination of the corresponding

For example, at the Romans-sur-Isère site, the licensee

methods for designing and justifying the engineered

looked at different hazards liable to constitute potential

structures and new equipment in the "hardened safety

aggravating factors (fire and explosion originating within

core", supplemented by an analysis of the behaviour of

the installations, risks associated with the storage and

the engineered structures and the existing equipment in

transportation of hazardous substances on the site, risks

this "hardened safety core", showed that these methods

associated with the industrial environment). The licensee

were suitable but that some additional evidence was

concluded that these hazards did not need to be

required, especially for the behaviour of existing

considered as aggravating factors. However, IRSN's

engineered structures.

assessment of this file showed that two explosion

The licensees also considered potential aggravating
factors caused by an extreme hazard, i.e on-site or offsite hazards (fire, explosion, risk of anoxia, chemical
risks,

etc.),

which

are

liable

to

complicate

the

management of an extreme situation or need to be taken
into account when designing a "hardened safety core".

scenarios needed to be studied (explosion of the site's
hydrogen storage facility and hydrogen explosion in the
sintering ovens hall due to an extreme earthquake),
because they were liable to have an impact on the
management of the "feared situations" defined for
the Romans site.

IRSN has assessed the hazards identified as potential

Emergency operation buildings
In order to manage emergency situations in the event of

MELOX, Romans-sur-Isère and Tricastin sites and at the

a severe accident, the licensees agreed to build new

CEA Cadarache site. In IRSN's view, the design principles

emergency operation centres on their respective sites,

of these new buildings are appropriate, but further

designed to withstand extreme hazards and form part of

evidence should be provided, especially of their design

the "hardened safety core". These centres are designed to

to withstand extreme hazards and their ability to

house the human and material resources required for

perform

managing and responding to emergency situations.

"feared situations".

the

required

functions

for

all

IRSN assessed the safety options chosen by the licensees
when designing these centres at the AREVA La Hague,

Emergency operation centre at the Tricastin site
On the Tricastin site, the nerve centre of the emergency operation building consists of an operations
centre raised up one metre above the natural ground level, designed to withstand the natural hazards
defined for the site (especially earthquakes, wind, tornadoes, floods) and contained (kept slightly
above atmospheric pressure) to prevent the penetration of radioactive or toxic gases.
The unit also includes utility networks designed to withstand extreme hazards: a generator capable of
operating continuously for at least 48 hours and a 5 m³ drinking water tank and a store of food. These
resources should allow the emergency response teams of up to 40 people to survive without help from
outside for 48 hours, the maximum time it takes for reinforcements from AREVA's national
intervention team (French acronym FINA) to arrive.
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Consideration of human and organisational factors in emergency response
If an extreme natural hazard strikes a nuclear site, the

the "feared situation" and managing the emergency in the

following key points need to be considered:

longer term: AREVA's national intervention team (FINA -



the whole site, including all the installations on it, is
liable to be affected;



Figure 4.3) and the CEA's nuclear emergency response
team (French acronym FARN). The licensees' proposed
measures took account of the human, organisational and

multiple accident situations can occur on the site that

technical dimensions and the different interfaces to be

will need to be managed simultaneously, potentially

managed.

with a number of aggravating phenomena;



the

means

of

remediating

and

limiting

the

consequences of the "feared situations" and the
emergency response resources must enable the
licensee of each site to remain totally autonomous
for the first 48 hours after the "feared situation"
occurs, regardless of the site condition, without any
human or physical backup from outside;



external emergency response is provided to manage
the situation in the long term, after the first 48 hours.

On the basis of this information, the ASN asked licensees
to

take

account

specifically

of

the

human

and

organisational factors involved in emergency response in
an extreme situation. IRSN examined the measures
chosen by the licensees to ensure effective and robust
organisation of the management of the different sites in

Figure 4.3 – FINA’s personnel during a

the event of extreme situations, pending the arrival of

response equipment usage exercise

reinforcements. In IRSN's view, the analyses and action
taken by the licensees to design and validate their
organisational measures were appropriate, but they
should be supplemented, especially to check whether
the organisation is capable of carrying out the planned
actions (remediation or limitation of the consequences
of the feared situations) potentially with a small
number of personnel, degraded sites and nuclear
installations and contaminated or toxic environments.

IRSN

examined

the

principles

for

organising

the

operational deployment of these reinforcements and the
management of interfaces with the bodies on AREVA's
sites

and

other

organisations

(relevant

external

authorities and services) in place to manage an extreme
situation. In its opinions issued on the subject, IRSN said
that

AREVA

and

the

CEA

should

continue

the

operational deployment of the FINA and the FARN by

In this context, IRSN also looked at the principles used by

completing the measures, notably as regards the alert

AREVA and the CEA for deploying the external human

and mobilisation process, definition of the interfaces,

reinforcements

the missions, the preparation of volunteers and the

(around

200 voluntary

employees

in

AREVA's case) and backup equipment (air compressors,

operational validation of the organisation.

lighting, pumps, generators, etc.) aimed at making the
affected site safe within 48 hours of the occurrence of
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FOCUS
Main follow-up to the stress tests in 2015 and 2016 at the High Flux Reactor
and the Phenix reactor
The High Flux Reactor (French acronym RHF), situated near Grenoble in an
area with a high seismic and flooding risk, is a research reactor used by
the Laue Langevin Institute (French acronym ILL).
Many changes have been made to it as a result of the stress tests carried
out in 2011. The implementation of these changes (Figure 4.4), for
example the construction of a new "bunkered" emergency control room
that can withstand an extreme earthquake, a flood and secondary effects
such as a toxic or explosive gas cloud from the industrial zones nearby,
continued in 2015 and 2016. As part of this, IRSN's assessment of the most
important changes for managing reactor safety in an extreme situation
continued regarding:

 the design, qualification and operating conditions of a new reactor trip
system for extreme earthquakes (system named “ARS”), as part of the
RHF's "hardened safety core";

 the design and implementation of a new "hardened safety core"
ventilation system (system named “CDS”), which is designed to limit the
environmental consequences of a severe accident2 in the event of an

Figure 4.4 - Inspection by IRSN experts

extreme hazard, by using special filtration devices.

of the "hardened safety core"

Also, IRSN has given its opinion on the measures taken by the ILL to

measures for the ILL's RHF in Grenoble

manage the risks of a fire breaking out or explosion occurring in one of the buildings required to implement the
"hardened safety core" (building housing the main control room for the reactor, which contains electrical equipment
necessary for the "hardened safety core" to work). Furthermore it examined the analyses carried out by the ILL for the
same building, to justify the behaviour of the civil engineered structures in an extreme earthquake. Lastly, IRSN assessed
the organisational changes planned by the ILL to manage an emergency under extreme conditions (especially staffing
capacity and the criteria for triggering the emergency response organisation).
A decommissioning decree was issued in June 2016 for the CEA's Phenix reactor (Marcoule), which underwent final
shutdown in 2010. It still presents some relatively major safety issues, due particularly to the presence of fuel assemblies
(currently being removed) and significant quantities of sodium, which will continue for several years yet. From its
assessment of the files submitted by the CEA as part of the stress tests, which were examined in 2015 and 2016, IRSN
noted that:

 the robustness and stability of the installation's main stack have been demonstrated in the event of an earthquake or
the extreme winds considered when defining the "hardened safety core" for the Marcoule site. The stability of the stack
in the event of a tornado will have to be confirmed following the investigation currently being conducted by IRSN, in a
more general context, of the hazard levels to be used for tornadoes (and the effects associated with them);

 the "Reactor", "Handling" and "Steam Generators" buildings, which contain sodium tanks, are sufficiently protected
against a possible "cliff-edge effect", especially a "sodium-water3" reaction in the event of extreme rainfall or extreme
flooding by the Rhône river;

 the behaviour studies for the future sodium treatment facility (named NOAH) in the event of an extreme earthquake
should be continued in more detail by the CEA.

2

A severe accident at a research reactor means a reactivity or loss of heat sink accident causing the fuel elements in the reactor core
to melt.
3
Sodium is a highly reactive element that reacts violently in the presence of water, causing hydrogen to be released. The heat produced by
the reaction is generally enough, when oxygen is present, to make the hydrogen produced explode.
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RECENT ACHIEVEMENTS AND PROGRESSES
WITH STUDIES AND RESEARCHES
CONDUCTED BY IRSN FOR INBS
OTHER THAN NPPS
CONTAINMENT OF RADIOACTIVE MATERIALS

D

uring the reprocessing of spent fuels at the

superheated water circuit (see Figure 2.11 in Chapter 2

AREVA plants in La Hague, once the uranium

of this report), which would lead to the release of

and

extracted,

radioactive materials in the unit housing the evaporator,

plutonium

have

been

evaporators are used to concentrate the fission

with pressure and humidity conditions likely to degrade

product (FP) solutions left over from the dissolution of

the performance of the HEPA filters installed in the

the fuels, before they are conditioned in vitrified waste

nuclear ventilation systems.

packages. These evaporators are designed to take
account of the corrosion associated with the chemical
characteristics of these solutions.

In order to make a realistic estimate of potential
releases into the environment in a similar situation and
to give an opinion on the operating and monitoring
measures deployed by the licensee for the
evaporators currently in operation, in 2016
IRSN began some studies on the following
themes:
 the suspension caused by the FP solution
dropping into the collection tank under the
evaporator;



the drawing of radioactive materials into

the ventilation system, and their deposition
or condensation in the evaporator unit
(Figure 4.5) and the ventilation ducts;



the behaviour of the ventilation system

high efficiency particulate air (HEPA) filters,
given

the

temperature

and

humidity

conditions.
Figure 4.5 - 3D modelling of an FP evaporator unit

These

studies

are

conducted

at

IRSN's

laboratories on the Saclay site, using existing
experimental apparatus and software for the
Despite the robustness of their design, the evaporators

numerical simulation of fluid flows (Computational

are corroding more quickly than anticipated, reducing

Fluid Dynamics – CFD) and for the simulation of

their life and making them more vulnerable to the risk

ventilation (Sylvia, software developed by IRSN).

of holes developing (see the section on "Events related

The first results are expected by the end of 2017, and

to radioactive material dispersion risks" in Chapter 2 of

will support IRSN's position as part of its examination

this report). This increases the value of studying certain

of the safety review file for the UP2-800 spent fuel

worst-case incident situations, especially in the specific

reprocessing plant at AREVA NC's La Hague site.

context of nuclear pressure equipment, such as the
simultaneous rupture of a boiler and a pressurised
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The "TIVANO" R&D program to study the effects of wind on transfers in nuclear installations
The primary function of ventilation at a nuclear installation is to establish the direction of air movement from the
least contaminated areas to the most contaminated areas by gradually introducing a negative pressure gradient
through the different areas of the installation, thus reducing the risks of transferring pollutants to areas where
workers are present or to the environment.
The design of the ventilation must take account of the potential contamination levels of different rooms in the
installation in normal and accident situations, but also of phenomena that can disrupt the negative pressure
cascades, such as wind effects. The wind causes positive or negative pressure on the façades of the building
housing the installation in question, and these can affect the air flows and lead to the potential transfer of
contamination inside the installation, especially if the ventilation is lost.
Since 2005, the "TIVANO" R&D programme has evaluated the effect of wind on the containment of pollutants in
installations, and the ability of numerical simulation software for fluids (CFD) to predict its effects. Wind tunnel
tests on models representing nuclear installations (Figure 4.6) have been used to obtain values for use in safety
assessments of nuclear installations and to validate the "Sylvia" numerical simulation software developed by
IRSN, which makes it possible to study the behaviour of a ventilation system in normal, degraded or accident
operating conditions, including during fires.

Figure 4.6 - Wind tunnel experiment showing the
dispersion of smoke despite the presence of
ventilation in the model

CRITICALITY

A number of nuclear fuel cycle installations now have

outside controlled areas because of personnel leaving

systems specifically for criticality accidents (EDAC

those areas without following normal procedures, etc.).

system in France), which can detect this kind of
accident and order the evacuation of personnel.

To address the risks associated with false alarms, plans
were made to test experimentally the ability of building

Since the EDAC system was installed at installations in

radiation monitoring equipment to confirm or rule out

France, a number of false alarms have been reported,

the occurrence of a criticality accident. This monitoring

which could have had an impact of some degree of

could also supplement the monitoring by the special

severity on personnel (injuries/falls, contamination

criticality accident systems, or even replace them if
they fail.
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The aim of the R&D carried out at IRSN is to detect and

EDAC detection systems

limit the consequences of a criticality accident using
appropriate and reliable means.

The EDAC criticality detection systems in France
consist of groups of detectors (or probes)
measuring dose equivalent rates (of neutron and
gamma radiation), and a measurement processing
unit that controls audible and visual alarms
specifically associated with a criticality accident.
These alarms are triggered when the total dose
and the dose equivalent rate reach predefined
thresholds. The detectors have been designed to
limit false alarms and are also able to provide
useful information on the accident (change over
time, dose assessment, etc.) for managing the
emergency response.

In 2013 and 2014, experiments on these subjects were
carried out at the CEA's CALIBAN and PROSPERO reactors
(Figure 4.7) on the Valduc site. Apart from IRSN, these
experiments are also of interest to radiation protection
equipment

manufacturers,

licensees

and

US

(Department of Energy, DOE) and British (Atomic
Weapons Establishment, AWE) organisations.

In addition to the aim of improving detection of a
criticality accident, it is also important to maintain and
improve knowledge of the radiological impact of this
type of accident. One of the main characteristics of a
criticality accident is that it generates large doses
associated with neutron and gamma radiation that are
uniformly distributed throughout the body of people

Figure 4.7 - Experimental configuration in the

close to where the accident occurs. Finding out as

PROSPERO unit

accurately as possible the doses received by the various
organs of affected people can improve the care and

The results have been used in IRSN's assessments related

medical treatment of victims.

to files on criticality accident detection, especially the
safety review files for installations.
Following the shutdown of the CALIBAN and PROSPERO
reactors at the end of 2014, further similar experiments
were conducted in 2016 and 2017 at the GODIVA-IV and
FLAT-TOP experimental reactors in the USA.
They were used to test IRSN's operational ability to
estimate doses in a criticality accident and also to
improve the criticality belts (Figure 4.8) developed and

 marketed by IRSN.
The IRSN-DOE-AWE collaboration is part of the PRINCESS
project (PRoject for IRSN Neutron physics and Criticality
Experimental data Supporting Safety), which aims to
obtain

and

use

safety/criticality

and

reactor

physics data.

Figure 4.8 - Dosimeter and criticality belt
developed and marketed by IRSN
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"Neutron noise" measurements: another current R&D subject at IRSN to improve safety
On various occasions, errors in the characterisation of fissile material in objects that are difficult to measure
(especially drums of legacy waste) have led to the declaration of significant events because mass limits have
been exceeded.
The R&D conducted since 2015 on advanced (non-destructive) neutron measurement techniques known as "neutron
noise", exploiting the stochastic nature of neutrons, has increased knowledge regarding the measurement of fissile
materials and its potential biases. This R&D consists of developing new post-processing methods for the signals
measured and new modules for IRSN's MORET neutron calculation code, and validating them by comparing their
results with experiments conducted in the USA.
The studies currently in progress with the first version of these new tools has allowed the contribution of these
techniques to the prevention of criticality risk to be evaluated.

FIRE AND EXPLOSION

Tributyl phosphate (French acronym TBP) and nitric acid

During the design of the UP3-A and UP2-800 plants in the

are the main reagents used in the PUREX spent fuel

early 1980s, the explosion risks associated with the

reprocessing process used at the UP3-A and UP2-800

formation of red oil compounds were considered in the

plants on AREVA NC's La Hague site. "Red oil" phenomena

safety analyses of the units.

are

the

reactions

between

TBP,

its

degradation

products, nitric acid and the nitrates of extractable
heavy metals. These complex reactions can lead under
certain

conditions

to

thermal

runaway

in

the

evaporators/concentrators at the plants, followed by

Measures based on the knowledge and experience
feedback available at the time were taken by the
licensee to

 control the risks related to the formation

of these compounds.

explosions. These phenomena have been the cause of a

The experience feedback from the accident at Tomsk

number of major accidents in the nuclear industry,

and the extensive research done since the end of the

especially at the Hanford (1953) and Savannah River

1990s to understand better the phenomena at work,

(1953 and 1975) sites in the USA and at Tomsk (1993)

coupled with exploratory studies carried out at IRSN in

in Russia.

2009 and 2010, confirmed the need to review the safety
choices and parameter values originally chosen.

The Savannah River explosion in 1953
The 1953 explosion at the Savannah River plant
during a test to concentrate a uranyl nitrate
solution (3600 litres) by evaporation, was
connected with the absence of adequate
monitoring devices for the operation, causing the
temperature in the evaporator to be estimated
incorrectly and leading to excessive evaporation of
the solution.
This excess evaporation caused violent thermal
decomposition of the TBP/nitrate compounds in
the evaporator (36 litres of TBP were present in
solution) followed by an explosion.
The equipment was totally destroyed and the
building housing it was severely damaged.

As part of the safety reviews of the AREVA plants at
La Hague (2012-2019), an IRSN-AREVA working group set
up in 2011 confirmed the value of launching a joint
research programme to obtain new scientific knowledge
and update the data necessary for analysing these
specific risks.
A

major

programme

of

experimental

studies

(Figure 4.9), set up with the help of the ENSMSE4
research laboratory, began in 2012 as part of a
collaboration between IRSN, AREVA and CEA. This
programme, which should come to an end in 2018, aims
to gain

a better understanding

of the

reaction

mechanisms, thermal runaway conditions and main

4

Ecole Nationale Supérieure des Mines de Saint-Etienne
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influencing

parameters

(nitric

acid

concentration,

basic reaction scheme. In the context of this, a

presence of uranium and organic impurities, phase ratio,

collaboration agreement has been signed between IRSN,

etc.). It will also obtain thermokinetic, physico-chemical

CNRS and the University of Lille 1 to evaluate using

and thermodynamic data useful for future studies, which

quantum

should allow simulation of the dynamic behaviour of the

properties and laws for the decomposition rates of the

evaporators under normal operating conditions and in

complexes formed between the TBP and the uranyl

accident situations.

nitrate, since these data are currently unknown.

In parallel with this programme, IRSN is developing a
5

chemistry

methods

the

thermodynamic

This tripartite research programme has already

simulation tool (French acronym ALAMBIC ) for modelling

enabled IRSN to make recommendations concerning

the thermal runaway reactions that can occur in an

the improvement by AREVA of its management of the

environment containing an organic phase in contact with

risks

an acid aqueous phase, similar to the one in the

examination of the safety review file for the UP3-A

evaporators.

plant at La Hague (2015). AREVA has since proposed

The experimental data obtained at the end of the
programme will be used to validate the data and the

associated

with

red

oils,

during

its

concrete improvement actions for its new fission
product solution concentration units.

Figure 4.9 - Experimental apparatus (Phi-Tec II pseudo-adiabatic calorimeter and its
external reactor, left, and reaction chamber, right) associated with the red oils
research programme

5

Approche Logicielle Avancée de Modélisation de
mélanges Biphasés dans le cycle du Combustible
(Advanced software approach to modelling two-phase
mixtures in the fuel cycle)
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HUMAN AND ORGANISATIONAL FACTORS
The "safety culture" concept is at the heart of many
initiatives to improve safety at nuclear facilities. In



essential given that the safety of a facility relies on

particular, the International Atomic Energy Agency

a performance resulting from the way the operators

(IAEA) has made it a central part of its strategy for

cooperate

giving greater consideration to human and organisational

and

identifying

factors. In this context, IRSN felt that more should be

work

interactions,

distributed among the

done to take account of the cultural dimensions,

together,
the

which

way

workers,

means

roles

each

are

person's

contribution, etc.;

because some of them help to manage risks. They can,
for example, be an important part of measures designed

the transmission of collective skills, which is



the implicit social contract that exists within a social

to encourage cooperation between different disciplines

group or between social groups, which underpins the

(maintenance

and

transmission of skills between these groups and

etc.),

facilitates transfers, or else prevents them by

decommissioning,

and

operation,

operation

and

operation
research,

triggering the withholding of information, etc.;

between project structures and permanent organisations
(management of unit outages at a reactor, deployment



of modifications, decommissioning projects, etc.) or

the meaning attributed to the work. For the
individuals in a particular organisation, this is

between companies (relationships between order giver

necessarily jostled by the handover of activities,

and contractors).

which once again can either cause blockages or act
as a lever.

In 2016, IRSN published the results of a study conducted
by its human and social sciences research laboratory

The resulting cultural analysis thus seems to provide

(French acronym LSHS) on this issue. During the study,

particularly valuable insights in the case of activity

IRSN carried out a "culture review" of several topics that

handovers since it looks at more than just the technical

had been evaluated in the past by IRSN's specialists and

and organisational (formal) aspects of the handover,

identified as relevant to a number of investigations.

covering implicit mechanisms, knowledge in action,

These include IRSN's study of the cultural aspects of an

solidarity and social ties, etc., which also contribute to

activity handover between two

for the

the smooth execution of an activity and can hamper the

operation of two facilities on the CEA Cadarache site

entities,

performance of a new activity when it is taken into a

that underwent final shutdown in 2009, where CEA is the

new context.

licensee but AREVA is responsible for operation.
An agreement between CEA and AREVA defines the
respective roles and responsibilities for performing the
dismantling operations in progress, but CEA must take
full responsibility for operation of the facilities in the

Generally, the results of IRSN's study show that taking
account of cultural dimensions can provide access to
phenomena

that

approaching

the

are

difficult

analysis

of

to

address

organisations

when
via

other routes.

final phases of dismantling. IRSN's study showed that,
when the concept of "culture" is brought into play, the
following aspects of the handover of an activity between
two entities are addressed:



To find out more:

the professional socialisation which, in addition to



the transmission of knowledge, also allows the

http://www.irsn.fr/EN/publications/technical-

transmission of empirical know-how, skills, and

publications/Documents/IRSN-PSN-SRDS-SFOHREX-2017-

practices developed by operators during their

005_cultural-aspects-of-organisations-in-high-risk-

personal experience of the job, in a specific

industries.pdf

context;
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