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Enhancing nuclear safety
IRSN is a public authority with industrial and commercial
activities set up in 2001. Its activities are defined 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 the risks of 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

1,800 employees
including many engineers, doctors, agronomists,
veterinarians, technicians, experts and researchers.
To carry out its work effectively, IRSN has a

budget of some €300 million

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

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

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

“Safety at Basic Nuclear Installations other than Nuclear Power
Plants: Lessons Learned from Significant Events”, 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
Use in France - Lessons Learned by IRSN from
Significant Events”, a report published every two
2008, concerns the transport of radioactive materials
in France.

for Civilian
Analysis of
years since
for civil use

As risks relating to nuclear activities are a major concern for the French public,
as reflected in the annual 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 2014 and 2015
Some general information
concerning the transport
of radioactive materials

1. The term “package”
means the complete assembly
consisting of the radioactive
materials being transported and
the packaging containing them.

The requirements related to the transport of radioactive materials
concern all activities associated with the movement of these
materials on public roads. As well as their transport between
consignor site and consignee site, all the steps involved in this
transport, such as loading and unloading the packaging used, any
storage in transit, and the design, fabrication, maintenance and
repair of the packaging, are covered by these requirements.
In particular, the regulations state that the consignor is responsible
for the package’s safety throughout the transport process; its
liability starts as of the moment it delivers the package and the
shipping declaration to the carrier. The carrier is responsible
for ensuring transport is carried out correctly; in particular it
must meet requirements concerning personnel training, vehicle
maintenance, the correct tie-down of the package, and labelling
and placarding on the vehicle (Figure 3).

Nearly a million packages1 loaded
with radioactive materials are
transported in France each year,
approximately 96% by road and
the remaining 4% by combined
modes of transport, mainly road
and air (approximately 3% of
packages) and road, sea and rail
(approximately 1% of packages).
These shipments are connected
with the nuclear fuel cycle, the
medical field, the non-nuclear
industrial sectors and the technical inspection and research sector
(Figure 1).
There are specific regulations covering the transport of radioactive
materials. In particular these state
the classification of the materials
and packages, and requirements
designed to ensure safety under
normal transport conditions and
also if an incident or accident
should occur.

Since 1961, the technical and
organisational rules applicable to transport have been
drawn up internationally by the
International Atomic Energy
Agency (IAEA). They are set
out in the “Regulations for the
Safe Transport of Radioactive
Materials”, recognised worldwide
as the basis for requirements concerning the safety of this transport. The rules are integrated
into the “Model Regulations on
the Transport of Dangerous
Goods”, also known as the
“Orange Book” published by the
United Nations (UN).
This book contains the safety
requirements for the nine classes
of dangerous materials, of which
radioactive materials constitute
class 7 (Figure 2). These requirements, which are not legally binding, are adapted to each mode

Figure 1

Shipments by sector of activity.
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Mandatory application of labelling and placarding
indicating that a package containing highly
radioactive materials is being carried
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Figure 2

Symbols representing the different
classes of dangerous goods

As with basic nuclear installations
(e.g. nuclear power reactors and
nuclear fuel fabrication and processing plants), the safe transport
of radioactive materials relies on
the “defence-in-depth” concept,
based primarily on:
›› 
the design of the transport
packaging, which must control the risks associated with
the radioactive materials being
transported, including in accident situations;

In addition, there must be constant monitoring and continuous improvement of the safety
approach, taking into account

Figure 4

Examples of packages for the
transport of radioactive materials
(top: transport of
radiopharmaceuticals; middle:
transport of a gamma radiography
unit; bottom: transport of
irradiated fuel)
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The transport of radioactive materials concerns a wide variety of
different physical forms, chemical compositions and levels of
radioactivity. The IAEA regulations define several packaging
types (Figure 4), the design of
which must take account of the
risks posed by these materials to
the health of workers and the general public and to the environment,
particularly the risks of irradiation
associated with exposure to the
ionising radiation emitted by the
materials, the risks of contamination as a result of the materials
being released from the packages,
and the criticality risks.

among other things available feedback from experience and new
technical knowledge acquired.

©IBA MOLECULAR/DR

In France ASN is responsible
for monitoring application of the
regulations for the safe transport
of radioactive materials for civilian use.

›› the compliance and reliability of
the transport operations, ensuring that regulatory and operating
requirements are met;
›› the implementation in an accident of a dedicated emergency
response plan designed to limit
its impact on humans and the
environment and to implement
the necessary measures.

©CEGELEC/DR

of transport (land—road or rail—
air, sea or inland waterway) in
“modal” regulations, which are the
subject of national or European
orders and directives.
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Main lessons learned from events
associated with the transport of
radioactive materials

As part of its assessment activity,
and in order to provide feedback
aimed at enhancing transport
safety by improving packaging,
operating practices and regulations, IRSN analyses events
declared to ASN that occur during
the transport of radioactive materials. In particular, IRSN examines
all of these events to learn general
lessons concerning safety in the
transport of radioactive materials
for civilian uses in France.
The lessons learned by IRSN
from its analysis of the transport-related events reported to
ASN in 2014 and 2015 are set
out in IRSN’s fifth public report
on the subject. The M four previous reports covered 1999-2013.
General overview

2. In particular, these
concern packages of
radioactive tracers or sources
destined for brachytherapy
units in hospitals, cancer
centres or clinical centres
with a nuclear medicine
department; they account
for approximately 30% of all
packages transported.

In 2014 and 2015, 139 and 122
transport-related events respectively were declared to ASN, corresponding to approximately one
declared event per 7,500 packages transported (Figure 5).

3. In terms of shipments,
companies outside the
nuclear sector are the main
consignors of packages containing radioactive materials;
they account for more than
half of all packages transported in France each year.

Improvements
observed...
Improvements observed in the
2014-2015 period that were a
result of feedback include two
that particularly drew IRSN’s
attention:
››a sharp reduction in 2015 in
the number of events involving
damage to packages destined
for medical activities2 during handling at airports (eight
events in 2015 compared
with an average of around
20 a year in the 2010-2014
period). This reduction is
linked to awareness outreach to airlines and person-

nel involved in handling the
packages by the company
CIS Bio International, which
sends out the type of packages most often involved in
this type of event;
››a significant increase compared
with the 2012-2013 period in
the number of events reported
by the non-nuclear industry
and technical inspections sector3 (mainly in connection with
errors in transport documents
and package labelling and with
deviations arising as a result of
failure to follow the regulations
correctly). IRSN believes that
this increase, far from reflecting a deterioration in the
safety of this type of transport, suggests that action to
inform and provide regular
training to these sectors in
the detection and declaration of events has begun to
bear fruit.
...and points
requiring attention
In IRSN’s view, there should be
heightened vigilance in the following three areas by the sectors
concerned, and corrective action
should be taken:

140
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Figure 5

Annual number
of events declared
to ASN since 1999
and classification
on the International
Nuclear and
radiological Event
Scale (INES)

Overall analysis of the transport-related events declared
in 2014 and 2015 does not
reveal a deterioration in the
safety of radioactive material

transport in France during this
period. The increase in the total
number of events mainly reflects
improvements in the detection of
“minor” events not rated on the
INES scale, by both the nuclear
fuel cycle sector and the smallscale nuclear sector. The number
of events classified on the INES
scale slightly increased compared
with previous years. None of the
events declared in 2014 and
2015 had significant radiological
consequences for workers, the
public or the environment.

0
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

Safety of the Transport of Radioactive Materials for Civilian Use in France
Key events in 2014 and 2015

©JEAN-MARIE TAILLAT / AREVA

On 2 March 2015, Engineering Control Welding, a
company which specialises in industrial radiography
services, was bringing a gamma radiography unit back
from an industrial plant to one of its local branches. The
equipment was transported when it was not in the “locked
shut” position due to a problem with the locking device
and with the work site accessories still attached (crank
cable and collimator connected to the projection container
nozzle – Figure 6).

Transporting the unit without placing it in its protective

››strict compliance with the
requirements for the transport
of gamma radiography unit,
particularly those associated
with the locking and tying down
of this equipment, which help to
protect against the risks of high
external exposure to ionising
radiation (irradiation) of workers
and the public. In this regard,
companies authorised to
own, use and transport
gamma radiography equipment should check that the
measures explained in their
operating documentation are
compliant with regulations,
including the measures to be
taken in a “degraded situation”, and that these measures are known to anyone
working with the equipment.
The conclusions of a working group of stakeholders
(equipment users and suppliers, ASN, IRSN, etc.) set up
by ASN in 2012 to look into
incidents involving gamma
radiography units, should be
published by ASN in 2016;
››the tying down of packages
on their means of transport,
because of the risk of packages
being dropped during transport,
and the tying down of objects in
their transport containers, since
the movement of these objects
in their container could damage
them or increase the dose rate
on the surface of the package.
This issue should be a matter
for particular attention from
carriers, as already mentioned in M IRSN’s previous
report on the safety of transport. Stepping up the training
required by the European

Agreement concerning the
International Carriage of
Dangerous Goods by Road
(ADR) for people engaged in
these activities and distributing a guide to best practices
for the personnel concerned
and their managers, both
matters under discussion
within working groups run
by ASN, should improve the
reliability of the tie-down of
packages;
››the “radiological cleanliness” of
uranium ore drums (Figure 7)
shipped from mines abroad,
even though the risks of human
contamination associated with
the dissemination of uranium
ore in the environment during
transport are low. Carriers
need to take particular care
during the loading and closure of these drums.

This event was classified as level 2 on the INES scale
by ASN.

Handle for removing
the source
Device containing
the radioactive
source in its safety
position
Guide tube

©ASN/DR

Figure 7

Drums containing uranium ore
at an ore treatment plant in Niger

cover and without putting the iridium-192 source in
its safety position (i.e. locked inside the lead protective
shielding) constitutes a double failure to comply with
regulatory requirements. If a road traffic accident had
occurred, the source could have fallen out of its protective
shielding causing the irradiation of the contractor’s
personnel and possibly the emergency response teams
dealing with the accident, or even members of the public
nearby.

Figure 6

Main components of a gamma radiography unit

On 11 May 2015, the
operator of the Cruas nuclear
power plant sent some bags
of laundry off in an industrial
container to be washed.
Because it was not properly
tied down, a bag containing
contaminated shoes moved
about inside the container
during transportation. This
increased by a factor of six
the dose equivalent rate
measured on the container
walls between its shipment
(0.18 mSv/h) and its arrival
on the consignee’s site
(1.07 mSv/h). Although the
regulatory dose equivalent
rate limit on the package
walls (2 mSv/h) was not
exceeded, the radiological
labelling of the container was
no longer correct.

Collimator containing
the radioactive source
during radiographic
examinations

CONTENTS

1
2
3

Overview of the transport of radioactive materials

2

Regulatory framework related to the transport of radioactive materials 3
Major aspects concerning the safe transport of radioactive materials 4
Nature and number of shipments of radioactive materials in France 5

Overall analysis of significant events

8

Information about the reporting of events that occurred
during the transport of radioactive materials 9
Assessment of events and analysis of the main trends observed
during 2014 and 2015 compared to previous years 10
Analysis of the main types of events that occurred
in 2014 and 2015 compared to previous years 16

Key events

22

Event of 2 March 2015 concerning failure to comply with regulatory
requirements during the transport of a gamma radiography device 23
Event on 29 September 2015 in which the impact limiter bolts on packaging
used for transporting irradiated fuel elements were not properly tightened 27
Event on 8 April 2015 concerning non-compliant contents of a transported package 29

GLOSSARY

32

Words in underlined italics preceded by M indicate active links
in the interactive version available at www.irsn.fr

1

1

Overview of the transport
of radioactive materials
Regulatory framework related to
the transport of radioactive materials
Major aspects concerning the safe
transport of radioactive materials
Nature and number of shipments
of radioactive materials in France

Nearly a million packages loaded with
radioactive materials are transported every
year in France, by road, rail, sea or air.
These shipments are subject to stringent
rules, notably relating to the classification
of materials and packages, which prescribe
measures for controlling safety under
normal transport conditions but also in
the event of an incident or accident.
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Regulatory framework
relating to the transport
of radioactive materials

The Regulation on the Safe
Transport of Radioactive Materials
and the associated safety guides
are regularly updated by committees of experts from the different IAEA member states to take
account particularly of feedback

3
from experience and the evolution of radiation protection principles and transport techniques.
Discussions are currently under
way within the IAEA’s Transport
Safety Committee (TRANSSC)
concerning the changes to be
made to the current edition of the
Regulation, published in 2012.
In particular these discussions, in
which IRSN is a participant, could
lead to the future modification of
the reference values used for calculating the activity limits to be
considered for the classification
of transport packaging.
The rules applicable to the transport of radioactive materials
are integrated into the “Model
Regulations on the Transport of
Dangerous Goods” (Figure 1.3),
also known as the “Orange Book”
published by the United Nations
(UN). These Regulations contain
the safety requirements for the nine
classes of dangerous materials
(Figure 1.4), of which radioactive
materials constitute class 7.

©AIEA/DR

They are included in the “Regulations
for the Safe Transport of Radioactive
Materials” (Figure 1.1), recognised
worldwide as the basis for requirements concerning the safe transport of radioactive materials. This
regulation forms part of the safety
standards prepared by IAEA for
all activities involving radiological
risks (Figure 1.2), which consist of
general safety requirements, concerning requirements common to
the various activities involving the
use of ionising radiation, and a set
of specific safety requirements for
each activity. In this respect, the
Regulations for the Safe Transport
of Radioactive Materials is the sixth
specific safety requirements document (SSR-6).

To support implementation of the
various specific safety requirements, safety guides are produced (Specific Safety Guide or
SSG) containing recommendations and presenting best practices
designed to help users comply. The
Regulation on the Safe Transport
of Radioactive Materials is supported by two safety guides, one
explaining the methods that can
be used to comply with the regulatory requirements (SSG-26), and
the other consisting of a guide to
choosing the type of package to
use, depending on the characteristics of the radioactive materials
to be transported, and summarising on a case-by-case basis the
applicable safety requirements
(SSG-33).

2

Figure 1.1

IAEA Regulations for
the Safe Transport of
Radioactive Materials

©UN/DR

S

ince 1961 the technical and organisational rules applicable
to the transport of
radioactive materials
have been drawn up
internationally by the International
Atomic Energy Agency (IAEA).

1

Figure 1.3

UN Recommendations
on the Transport of
Dangerous Goods
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Disposal Facilities

Radioactive Waste
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The rules applicable
to the transport of
radioactive materials are
included in the “Orange
Book” published by
the UN, which contains
the safety requirements
for the nine classes
of dangerous goods,
of which radioactive
materials constitute
class 7.

6 	Safe Transport of Radioactive Material
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 mergency Preparedness
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Collection of Safety Guides
Figure 1.2

Structure of the IAEA
Safety Standards Series
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The nine classes of dangerous goods
defined in the “Orange Book”
Class 1: Explosives
Class 2: Flammable gases (compressed, liquefied or dissolved),
non-flammable, non-toxic gases, and toxic gases
Class 3: Flammable liquids
Class 4: Flammable solids
Class 5: Oxidising substances and organic peroxides
Class 6: Toxic and infectious substances
Class 7: Radioactive materials
Class 8: Corrosive substances

©DR

Class 9: Miscellaneous dangerous substances and articles

Figure 1.4

Symbols representing the different
classes of dangerous goods

The safety requirements in the
IAEA’s Regulation and the UN’s
“Orange Book” are not legally
binding; only the “modal” regulations specific to each mode
of transport are legally binding
through orders and directives
prepared at European or national
level. These “modal” regulations
may also be drawn up internationally, as in the case of the
transport of dangerous goods by
air (the Technical Instructions for
the Safe Transport of Dangerous
Goods issued by the International
Civil Aviation Organization) and sea
(International Maritime Dangerous
Goods Code of the International
Maritime Organization), or at
national or supranational level
(e.g. by the European Union). In
Europe, land and river transport
is regulated by:
›› the
European
Agreement
concerning the International
Carriage of Dangerous Goods
by Road (ADR) (Figure 1.5.);

›› the Regulations concerning
the International Carriage of
Dangerous Goods by Rail (RID)
(Figure 1.5.);
›› the
European
Agreement
concerning the International
Carriage of Dangerous Goods
by Inland Waterways (ADN)
(Figure 1.5.).
In France, ASN is responsible for
checking the safety of the transport of radioactive materials for
civilian use.

Road

©DR

©DR

©DR

Regulatory structure for the application
in France of the model regulations on
the transport of dangerous goods

River

Rail

Major aspects
concerning the safe
transport of
radioactive materials

©DR
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“TMD” Order of 29 May 2009 (amended)
on the transport of dangerous goods by land

Sea

Air

“RSN” Order of
23 November 1987
(amended) on
the safety of ships

EU Regulations 859/2008
of 20 August 2008
and 965/2012 of
5 October 2012
Figure 1.5

Documents concerning
regulation of the transport
of dangerous goods
by land, air or sea
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T

he requirements
related to the
transport of radioactive materials
concern all activities associated
with the movement of these
materials on public roads. As
well as the transport of radioactive materials between consignor
site and consignee site, all the
steps involved in this transport,
such as loading and unloading
the packages used, any storage
in transit, and the design, fabrication, maintenance and repair
of the packaging, are covered by
these requirements.

Because a wide variety of radioactive materials are transported
in terms of their physical form,
chemical composition and radioactivity, the IAEA’s regulations
define several packaging types
with performance criteria appropriate to the risks posed by the
materials being transported.
These risks are radiological
(irradiation and contamination
of workers and the public), and
indeed nuclear in the presence
of fissile materials (triggering
of a divergent chain reaction
known as a “criticality accident”).
Depending on the materials being
transported, there may also be

Safety of the Transport of Radioactive Materials for Civilian Use in France
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other risks such as burn risks
due to the heat produced by the
radioactive materials, risks associated with the chemical toxicity and corrosive nature of some
materials (particularly natural
uranium and uranium hexafluoride (UF6)) or risks of explosion
of flammable gases produced
by the decomposition of chemicals due to the effects of ionising radiation (radiolysis) or heat
(thermolysis).
As with basic nuclear installations
(e.g. nuclear power reactors and
nuclear fuel fabrication and processing plants), the safe transport

of radioactive materials relies on
the “defence-in-depth” concept,
based primarily on:
››the robustness of the transport
packaging, which must be
designed to control the risks
associated with the radioactive
materials being carried, including in an accident; the different
transport conditions defined in
the regulations (normal conditions, incident and accident
conditions) are simulated by
tests of different severity levels;
››the compliance and reliability
of transport operations are
based on meeting the regulatory and operating require-

1

ments, providing the personnel
involved in transport operations
with suitable training and taking into account operational
feedback;
››the implementation in an accident of a special emergency
response plan designed to limit
its impact on humans and the
environment and to implement
the necessary measures.

2
3

As with basic nuclear
installations, the safe
transport of radioactive
materials is based on
the “defence-in-depth”
concept.

1 FOCUS
The different types of package and the associated regulatory tests

*In France there is no approved type C package for
transporting radioactive materials for civilian use.

Threshold

Exempt materials

Specific activity

Type C package

Type B package

Type A package

Excepted
packages

Industrial packages (IP)

Exemption
value

Figure 1.6

Type of package to
be used depending
on the activity and
specific activity
of the transported
materials
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Exempt materials
Exemption value

Threshold 1

Threshold 2

Threshold 3

Content activity

Test severity

Accident situations

Fire test
temperature
of 800°C for
30 minutes

Immersion
in 15 m of water
for 8 hours

Free drop from 1 m
on to a steel
punch bar of
diameter 150 mm

Free drop from 9 m onto
an unyielding surface or
crush test by dropping a
500 kg steel plate from a
height of 9 m

Incident situations
Type B
Water spray
exposure to rain
at 50 cm/h
for 1 hour

©X. KNEMP/IRSN

The regulations on the safe transport of
radioactive materials identify five different
package types (Figure 1.6) defined
according to the quantity of radioactive
materials to be transported (the activity of
the contents) or its dilution in the materials
being transported (the specific activity
of the contents). The activity thresholds
defined depend on the potential
radiological consequences associated
with the isotopes being transported
and the physical form of the materials
(solid, liquid or gas). For example, the
activity threshold above which radioactive
materials must be transported in a type B
package corresponds to the quantity of
materials likely to lead to a dose received
through irradiation, contamination
and inhalation of 50 mSv for a person
positioned one metre away from the
unpackaged materials for 30 minutes.
Each package type must meet
requirements relevant to the associated
risks. Taking account of the very limited
amount of radioactivity being transported,
there is no requirement for “excepted”
packages and type A packages to be
designed to withstand drop tests and fire
tests representative of transport accident
conditions (Figure 1.7). However, type C
packages designed for the transport
by air of large quantities of radioactive
materials must be designed to withstand
more severe tests than those applicable to
type B packages*.

Stacking: compression
force equal to 5 times
the package weight
for 24 hours

Penetration 6 kg bar
dropped from
a height of 1 m

Free drop from max.
1.2 m depending on
the mass of the
package, onto an
unyielding surface

Ability to withstand the
effects of acceleration
and vibration

Ability to withstand a
range of temperatures
and pressures

Type A
and IP

Normal situations
Figure 1.7

Regulatory tests
associated with the
different types of package

Excepted

Quantity of radioactivity
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Nature and number of shipments
of radioactive materials in France

I
©AREVA/DR

In France,
radioactive material
shipments account
for approximately
6% of all dangerous
material transports — in
other words, around
980,000 packages a year.

n France, radioactive material
shipments account for approximately 6% of all dangerous
material transports — in other
words, around 980,000 packages a year. These shipments
concern1:
›› the nuclear fuel cycle, particularly
the transport of uranium ore, uranium hexafluoride, fresh or irradiated fuel assemblies, plutonium
from irradiated fuel processing,
waste, and contaminated tools
and equipment from nuclear

CHEMISTRY

power plants (Figure 1.8); these
shipments mainly use industrial
packages and type B packages;
›› the medical sector, with the
transport of radioactive sources
(in solid form for radiotherapy
and liquid form for scintigraphy)
mainly by road or air in excepted
packages and type A packages;
›› the non-nuclear industrial and
technical inspection sectors,
with the transport of sealed
radioactive sources used in
industrial irradiation equipment

(particularly for sterilisation in
the pharmaceutical and agrifood industries) and measuring
devices (gamma radiography
units used for industrial radiography in, for example, the
aerospace, automotive and metallurgy industries [type B packages], nuclear density gauges
used by the construction and
public works sectors [type A
packages], and lead analysers
used for diagnostics in buildings
[excepted packages]);

UF6:
1,400 shipments a year

ENRICHMENT

MINES
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FUEL FABRICATION

REACTORS

New fuels (UO2 + MOX):
440 shipments a year

RECYCLING:
MOX FUEL FABRICATION

WASTE DISPOSAL
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SPENT FUEL
PROCESSING

©ANDRA/DR

DISTRIBUTION

Waste: around
5,000 shipments a year
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Irradiated fuels:
220 shipments a year

Figure 1.8
The nuclear fuel cycle and the different associated
forms of radioactive materials transported
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1
2
3
›› research, with the transport of
radioactive sources destined for
research in cellular biology, and
of activated materials or irradiated fuel elements to nuclear
research centres and universities; these shipments mainly take
place in excepted packages or
type A packages.

Radioactive material packages
are mainly transported by road;
approximately 96% of packages
are transported solely by road. The
remaining 4% are carried by multimodal transport, notably by road
and air (approximately 3% of packages) and by road, sea and rail
(approximately 1% of packages).

Breakdowns of the number of shipments2 by activity sector and by
package type are shown in Figure 1.9
and Figure 1.10 respectively.

1. A detailed explanation of the different
sectors involved and the different types of
package used is available in
M the previous edition of this public report,
covering 2012 and 2013
(report title: “Safety of the Transport of
Radioactive Materials for Civilian Use
in France – Lessons learned by IRSN
from analysis of significant events
reported in 2012 and 2013”).
2. All the figures and shipment data
breakdowns in this report are taken from
information collected by ASN
in 2012 from all radioactive
material consignors.

Figure 1.9
Shipments by sector of activity

The radioactive material
packages are mainly transported
by road; approximately 96%
of packages are transported
solely by road.
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Industry and
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Which package types need approval from ASN?
Approval is only required for package
types B and C and packages containing
fissile materials in quantities above certain
regulatory limits (Figure 1.6) or containing
more than 100 g of uranium hexafluoride.
For packages for civilian use, ASN issues
approvals and validates the approvals issued
by foreign authorities; ASN calls upon IRSN
for assistance with the technical assessment
of the safety analysis report prepared by the
industrial company.

Figure 1.10
Shipments by package type
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Excepted, type A and industrial packages, on
the other hand, containing quantities of fissile
materials and uranium hexafluoride below the
regulatory limits, can be transported without
ASN’s approval of their design. However,
the safety analyses and transport compliance
documents covering these packages must be
kept available to ASN for inspection.
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Overall analysis of significant events
Information about the reporting of events
that occurred during the transport of
radioactive materials
Assessment of events and analysis of the main
trends observed during 2014 and 2015
compared to previous years
Analysis of the main types of events that occurred
in 2014 and 2015 compared to previous years

The regulations require that every significant
event that occurs in connection with the
transport of radioactive materials, whether it
has radiological consequences or not, must be
reported to ASN. A detailed report on each
significant event is also sent to ASN, presenting
in particular the identified causes, the actual
or potential consequences and the corrective
action taken to prevent its recurrence.
This chapter describes the results of IRSN’s
overall analysis of the transport-related
events that occurred in 2014 and 2015 and the
main trends observed compared to previous
years. This analysis seeks to identify any
improvements or deteriorations observed
with reference to the previous public report,
as well as issues (operating conditions, safety
management aspects, etc.) that may require
greater vigilance by those involved in
transport activities.
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Information about the reporting
of events that occurred during the
transport of radioactive materials

I

n

accordance

with

the

M guide to the reporting

of significant events published by ASN in 2005, the
consignor of the package(s)
involved in an event occurring
during the transport of radioactive materials is responsible for
reporting that event to the relevant safety authority.
In addition to events occurring
in transit, all significant events
or deviations from the requirements of a regulation identified
during the loading, unloading or
inspection of packages before or
after their transportation on public
roads, must also be reported by
the consignor.
The consignor may delegate
the carrier to report any events
occurring while the package is
in transit.
ASN’s guide contains a standard form that can be used by

consignors and carriers to
declare events. According to the
TMD Order on the transport of
dangerous goods, a “significant”
event, i.e. one in which at least
one of the declaration criteria
defined in the guide (Table 2.1)
is met, must be declared within
two working days of its detection.
Moreover, within two months of
each significant event, a detailed
report must be written about
each significant event, giving
more comprehensive information
than was contained in the original
declaration, analysing its causes
and its potential or actual consequences (particularly on the basis
of radiation measurement results),
and describing the technical and
organisational measures taken to
prevent its recurrence. Every significant event declaration should
contain a proposed classification
for the event on the M INES scale
(Figure 2.1). Significant event

1
2
3

declarations and the associated
reports are sent to ASN and to
IRSN, its technical support, which
analyse them on a regular basis.
The guide to the reporting of
significant events also states
that information about events
described as “relevant to safety”,
for example where their immediate importance does not justify an
individual analysis but their recurrence could do so, should also be
sent to ASN where these events
concern a regulatory requirement.
These events are classified as
below the INES scale (or “Below
scale” - Figure 2.1) in the rest of
this report.

In addition to events
occurring in transit,
all significant events
or deviations from
the requirements
of a regulation
identified during the
loading, unloading
or inspection of
packages before
or after their
transportation on
public roads, must
also be reported by
the consignor.

Major accident
Serious accident
Accident with wider
consequences
Accident with local
consequences
Serious incident

©G. GOUÉ/IRSN

Incident

Anomaly

BELOW SCALE/LEVEL 0
NO SAFETY SIGNIFICANCE
Figure 2.1

Severity levels on the INES scale
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"Declaration criteria for significant events concerning radioactive material
transport" appearing in the ASN 2005 reporting guide
Criterion 1

Theft or loss of a package of radioactive materials during transport

Criterion 2

Shipping a package to a consignee not fit to receive it

Criterion 3	Accidental discovery of a package containing radioactive materials that has not been declared as lost
Criterion 4	Any event that could lead to wrong or malicious interpretations by the media or public, regardless of

how serious the event is
Criterion 5

Malicious attempt or act that may affect transport safety

Criterion 6	Hazard due to natural phenomena or human activities, effectively or potentially impacting transport safety

In 2014 and 2015
respectively, 139
and 122 transportrelated events were
reported to ASN.
This amounts
to a significant
increase compared
to 2013, when only
98 events were
declared.

Criterion 7	Event of nuclear or non-nuclear origin leading to death or severe wounds requiring the evacuation of wounded

to a hospital, when the cause of the casualties is directly related to transport safety
Criterion 8	Fault, degradation or failure affecting a safety function, which had or could have had a significant impact
Criterion 9	Event affecting one or more barriers interposed between radioactive materials and persons, possibly resulting

in the dispersion of these substances or a significant exposure of persons to ionising radiation (as per
the limits fixed by regulations)
Criterion 10	Non-compliance with regulatory requirements for radioactive material transport, possibly leading

to significant impact
Criterion 11 Event, even minor, affecting a safety function and exhibiting a repetitive character whose cause

has not been identified or which may be a precursor to other incidents
Criterion 12	Non-compliance with a regulatory limit concerning radiation intensity or contamination
Criterion 13	Any other event likely to affect transport safety and considered significant by the plant operator

or nuclear safety authority

Table 2.1

Criteria for reporting a transport-related event
as set forth in the ASN 2005 reporting guide

Assessment of events and analysis of the
main trends observed during 2014 and 2015
compared to previous years

1. Since 1 July 2013,
internal transport operations have had
to meet the requirements
of the INB Order of 7 February 2012,
which requires them to be included in
the safety baseline of basic nuclear
installations.
In particular, for basic nuclear installations other than nuclear
power plants, events associated with
these operations are covered by the
M IRSN’s reports on safety at basic
nuclear installations other than nuclear
power plants in France.
2. Aspects related to the protection
of transport against malicious acts are
covered by a specific regulation and
IRSN actions in support of
the competent authority.
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T

he method used
to identify the
events is similar
to the one used
in M previous
reports published
by IRSN on the same topic.
Transport-related events within
the perimeter of a basic nuclear
installation involving packages
not destined to be transported on
the public roads and transportrelated events involving packages
shipped by a foreign consignor
(except those that had consequences in France) are therefore
not considered in this report1.
The same applies to transportrelated events involving national
defence activities2.

In its analysis, IRSN takes
account of all reported transportrelated events, including events
relevant to safety that are not presented in ASN’s Mreports on the
state of nuclear safety and radiation protection in France. This is
because IRSN wants to consider
all the available feedback and
analyse changes in the number
of reported events on a like-forlike basis. In particular this concerns certain events like damage
to packages that has no direct
impact on safety or radiation
protection, which have tended
to be classed as “Below scale”
in recent years, despite being
classed as level 0 on the INES
scale in the past.

Number of events
declared and
classification of these
events on the INES scale
In 2014 and 2015, respectively
139 and 122 transport-related
events were reported to ASN.
This is a significant increase
compared to 2013, when
only 98 events were declared
(Figure 2.2).
Based on the number of shipments of radioactive materials
each year, the frequency of an
event occurring in 2014 and 2015
was on average approximately
one event per 7,500 packages
transported (the average was
around 1/10,000 for 1999-2013).
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Figure 2.2

Annual number of events declared to ASN since 1999
and classification of these events on the INES scale

IRSN nevertheless believes
that this trend should not be
interpreted as a deterioration
in the safety of radioactive
material transport. It is largely
explained by better reporting of “minor” safety-related
events.
As the analysis presented in this
chapter suggests, the increase
in the number of “safety-relevant” events (events classed as
below the INES scale - Table 2.2)
observed in 2014 and 2015, can
be explained by the fact that consignors and carriers have a better knowledge of the regulatory
requirements related to declaring events and by greater vigilance concerning certain types
of event that do not appear to
have a direct impact on safety.
This finding, which was particularly evident in 2014 in the smallscale nuclear sector, confirms

the value of the awareness
campaigns conducted by ASN
among “small” consignors.
The number of events classed
as level 1 or 2 on the INES scale
(Table 2.2) appears to be higher
in 2015 than in the four previous years (eight events classed
as level 1 and one as level 2). In
particular, three events involving
the transport of gamma radiography units were reported in
2015, plus another one in 2014
(Table 2.3). These particularly
concerned problems with locking the radiation protection
of these units (technical fault
with the shutter or transport
with the locking key inserted).
An analysis is given in Chapter 3
of this report.

During 2014 and 2015,
a significant number events
classed as level 1 or 2
on the INES scale involved
the transport of gamma
radiography units.

3. In its report on the state of nuclear
safety and radiation protection in France
in 2014, ASN listed only three transportrelated events that were at level 1
on the INES scale. This is explained by
the fact that the event on 29 August 2014
(see Table 2.3) involving a deviation
concerning the characteristics of
radioactive materials, which had safety
consequences during storage and
transport, was counted by ASN only as a
facility-related event. The “facility” aspect
of this event was also taken into account by
IRSN in its M report on the safety of basic
nuclear facilities other than nuclear power
plants covering the period 2013-2014.

INES classification

2010

2011

2012

2013

2014

2015

Level not specified

4

6

1

1

0

0

Below scale

43

54

69

52

76

64

Level 0

58

41

48

44

59

49

Level 1

9

4

4

1

43

8

Level 2

0

0

1

0

0

1

Total

114

105

123

98

139

122

Table 2.2

Classification by level on the
INES scale of events declared
between 2010 and 2015
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Table 2.3

Event involving
the temporary loss of
a technetium generator
Technetium generators
(Figure 2.3) are items of
equipment used in the
medical sector for producing
molybdenum-99, used
in medical imaging as a
radioactive tracer, from
technetium-99.
Because of a technical
fault with one of these
generators, Cochin hospital
in Paris contacted the device
manufacturer (CIS Bio
International at Saclay,
south-west of Paris) on
3 September 2015 and asked
it to collect the generator
for examination. After
it was collected the next
day by a driver from the
carrier appointed by the
manufacturer, the generator
(a type A package) was lost
until 28 September 2015.
It was located on that date
in a storage area on the
manufacturer’s premises.
This loss of package
traceability was due to a
problem with the scanner
used by the manufacturer to
scan the goods return notes
accompanying packages
collected from its customers
and also to the customer
failing to enclose the “return
for examination” note to be
used for returning faulty
equipment. This meant
that the storekeeper at
CIS Bio International put
the package in the wrong
storage location.

12

Date

Package

Type of event

INES
classification

06/08/2014

Empty UF6 “cylinder”

Failure to perform a visual inspection of
the lugs used for lifting a UF6 cylinder
before handling it

1

06/08/2014

Gamma radiography unit (type B package)

Transportation of a gamma radiography
unit with its locking key inserted

1

Industrial type package filled with fresh
fuel

Transportation of fuel elements with
a higher fissile uranium density than
the one used in the criticality safety
demonstration

1

29/08/2014

UF6 “cylinders”

Deviation detected during leaktightness
tests on 160 UF6 “cylinders” (pressure
below the value set in the applicable
standard)

1

23/10/2014

13/02/2015

Gamma radiography unit (type B package)

Gamma radiography unit tie-down defect

1

02/03/2015

Gamma radiography unit (type B package)

Gamma radiography unit locking defect
and transport outside its protective
package

2

11/03/2015

Excepted package

Mass of the fissile materials contained
exceeding the maximum permitted value
for this type of package

1

27/03/2015

Excepted package

Mass of the fissile materials contained
exceeding the maximum permitted value
for this type of package

1

04/05/2015

Type A package

Delivery error

1

26/06/2015

Gamma radiography unit (type B package)

Gamma radiography unit locking defect

1

Tank (industrial package)

Non-compliance of several liquid
effluent tanks (no user or maintenance
instructions and filling performed at an
excessive temperature)

1

04/09/2015

Technetium generator (type A package)

Loss of traceability of a package for
24 days during transfer between the
Cochin hospital (Paris) and the premises
of CIS Bio International (Saclay)

05/11/2015

Type B package filled with irradiated fuel

Non-conformity of packaging to its safety
analysis report

1

13/08/2015

Distribution of events
by sector of activity
As seen M in previous years, the
distribution of reported events by
sector of activity (Table 2.4), compared to the number of transport
operations reveals big disparities
between the nuclear industry (the
fuel cycle and nuclear research)
and the “small-scale” nuclear secFigure 2.3
Examples of a generator containing a radioactive tor (the non-nuclear and technical
inspections sector and the meditechnetium source (top) and a transport
container for a technetium generator (bottom)
cal sector). In 2014 and 2015, this
©ASN/DR

Transport-related events
classified at level 1 and
2 on the INES scale
declared in 2014
and 2015

1

observation was confirmed by an
increase in the number of events
in the nuclear fuel cycle sector
(Figure 2.4).
IRSN believes that this difference is probably not due to less
effective practices on the part
of the nuclear fuel cycle sector
(consignors and carriers) but
to more effective processes
for the detection and reporting
of events.
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In detail for 2014 and 2015:
›› the “over-representation” of the
fuel cycle sector is particularly
marked in the case of events
concerning “non-conforming
content” (95% of all reported
events of this type), events
concerning transport documents and package labelling,
closure defects and package non-conformities, and
radiological events. For this
type of event, the fuel cycle
sector accounts for around
80% of all declared events;
›› half of all events involving
packages destined for medical activities concern damage
to packages, particularly during handling at airports. The
second most frequent reporting reason was loss and theft
of packages (15% of events
concerning this sector), mainly
occurring during transit through
airports. These figures are similar to those for previous years;
›› the number of events reported
by the non-nuclear and technical inspections sector increased
to double the figure for 2012
and 2013. The main reasons
given for reporting events were
deviations from regulatory
requirements (errors in transport documents and package
labelling and other deviations
stemming from the incorrect
application of regulations).
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4

2012

24
14
6

3

2013

A number of companies that
reported events in 2014 and
2015, having identified a
deviation or non-compliance
as consignee or feeding
back information to ASN as
consignor, had already been
involved in events reported in
previous years, or had recently
been inspected by ASN. These
inspections were carried out
as part of an effort to increase
inspections in the sector of
“small-scale nuclear activities”.
IRSN believes that action
taken by ASN, such as sending
information to the companies
concerned and conducting
inspections, probably had
a positive impact in terms
of employee awareness of
regulatory requirements and
event detection and reporting
practices.
However, given the large
number of companies concerned, as consignors or
carriers, and the number

2014

Figure 2.4

12
3

Change in the number
of declared events by sector
of activity during the
2010-2015 period

2015

of packages transported
(around 540,000 every year,
i.e. more than half of all
packages transported in
France each year), the number of reported events is
still low compared with the
nuclear fuel cycle (Table 2.4).
In IRSN’s view, the action
taken to improve the detection
and reporting of deviations
from the regulations should
therefore be continued;
›› there were nine events in the
research sector, which was
comparable with the figure for
previous years.

Table 2.4

Frequency of declared events
by sector of activity during the
2014-2015 period

Sector of activity

Frequency of events (2014-2015)

Fuel cycle

1/1,400 packages

Medical

1/10,300 packages

Industry and inspections

1/41,600 packages

Research

1/4,400 packages

As seen in previous
years, the distribution
of reported events
by sector of activity
compared to the
number of transport
operations reveals big
disparities between
the nuclear industry
and the “small-scale”
nuclear sector.
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Distribution of reported events
by mode of transport during the
2010-2015 period
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What type of conditioning should be used for
transporting natural uranium?
Uranium concentrates (yellow cake) processed at mines operated
by Areva abroad (in Niger, Canada, Australia and South Africa)
are conditioned in 200-litre steel cylindrical industrial (IP) drums
measuring approximately 90 cm in height and 60 cm in diameter,
which can contain up to 350 kg of materials (Figure 2.6).

©JEAN-MARIE TAILLAT / AREVA

These drums are then placed in standard 20’ ISO containers
(approximately 36 packages per container) for transport by sea
and road to the Areva NC plant in Malvési (near Narbonne).
At this plant, the natural uranium is converted into UF4 before
being taken in IP packages to the Areva NC plant in Pierrelatte,
for conversion to UF6.

Figure 2.6

Storage of natural uranium drums prior
to conversion to UF4 at the Malvési plant

Nearly two thirds of events
reported in 2014 and 2015
concerned transport only
by road, and 70% of these
were attributable to
fuel cycle activities.

Table 2.5

Frequency of reported events by mode
of transport during the 2014-2015 period

14

58

2011

2012

2013

Distribution of events
by mode of transport
Nearly two thirds of events
reported in 2014 and 2015 concerned transport only by road
(Figure 2.5), and 70% of these
were attributable to fuel cycle
activities. These events include
two road collisions in 2014 and
five in 2015, without any consequences for the safety of the
transported packages.
Air transport is the second most
common mode of transport in
terms of reported events. Some
60% of these events concerned
damage to packages during
handling at airports. The second most common cause is the
loss of packages, either in transit or at the destination airport.
Proportionally, the total number of
events reported during transport
by air, particularly those linked to
damage to packages, between
2014 and 2015, fell by comparison with previous years.
All the events that occurred during
rail transport (Figure 2.5) in 2014
and 2015 involved fuel cycle activities. This is due to the fact that the
“small-scale” nuclear sector rarely
uses rail transport because of the

2014

2015

nature of the packages being sent
(small, lightweight packages). Rail
transport is mainly used for the
transport of type B packages
containing irradiated fuel and
industrial packages such as tanks
of radioactive effluent and “cylinders” filled with UF6. The main
criteria prompting the reporting of
events were deviations in relation
to the transport documents and
package labelling and radiological deviations (particularly contamination of the recovery pan
of wagons carrying packages of
irradiated fuel).
IRSN believes that the high frequency of event declarations for
this type of transport (one event
per 200 packages shipped in
2014 and 2015 – Table 2.5) is
explained by the fact that, with
rail transport, enhanced document and radiological checks
are carried out because of the
sensitive nature of the materials
being transported.
The reported events include a
derailment on 19 March 2014.
This involved the locomotive of a
trainset of 14 wagons containing
packages of depleted uranium,
which partly left the track at low
speed without damaging the
packages and without any radiological consequences.

Mode of transport

Frequency of events
(2014-2015)

Road

1/11,000 packages

Road + Air

1/2,100 packages

Road + Rail

1/200 packages

Road + Sea

1/7,400 packages
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Finally, the number of events
involving sea transport (combined road and sea transport or
road, sea and rail transport) rose
in 2014 and 2015 compared to
previous years. This is explained
by the large number of events
involving the contamination of
drums of natural uranium from
mines operated by Areva (12 of
the 13 events reported in 2014
and 2015 for this mode of transport – see “Radiological events”
below, p. 18).
Distribution
of events by
type of package
Whereas from 1999 to 2013
the highest number of declared
events was for type A packages
(Figure 2.7), in 2014 and 2015
there were more events involving industrial packages (IP). Their
reporting frequency compared to
the number of transport operations (one event per 1,800 packages transported – Table 2.6)
doubled by comparison to the
2012-2013 period (one event per
4,000 packages transported).
This increase is explained mainly
by the large number of radiological and document-related events
involving industrial packages

shipped by the fuel cycle sector
in 2014 and 2015 (contaminated
tools and low specific activity
waste shipped by EDF, and uranium ore shipped from mines
operated by the Areva group).
The number of events involving
type A packages has been almost
constant in the last two years
(with 39 events a year on average, compared to 37 reported in
2012-2013 and 35 in 1999-2011).
More than a third of these events
concern damage to packages
destined for the medical sector
during handling at airports.
The number of events involving
type B packages, which rose
sharply in 2011 as a result of a
large number of tightening defects
on packaging impact limiter bolts
and the discovery of "foreign matter" in their cavity (objects or materials not included in the packaging
loading plan), returned in 2012 to
a level comparable to that of preceding years (around 20 events
per year). The main reason for
making a declaration in 2014 and
2015, as in previous years, was
documentation deviations.
As with rail transport, IRSN
believes that the high frequency
of declared events for this type

Distribution of declared
events by type of package
during the 2010-2015 period

of package (one event every
460 packages shipped in 2014
and 2015) can be explained by
the fact that the associated
checks are more stringent
because of the large amount of
radioactivity being transported
and the less routine nature of
these shipments compared with
other types of package.
Finally, the number of events
involving excepted packages rose
significantly in 2014 at 21 declared
events, compared with 11 and
10 events in 2012 and 2013
respectively. This increase is due
mainly to the industrial and technical inspections sector (8 events
declared in 2014 compared with
just one in 2012 and none in
2013). IRSN believes that this
figure should be viewed in the
light of improvements in the
event declaration process in
parts of the industrial sector.

In 2014 and 2015,
as in previous years,
the main reason for
declaring events
involving packages
for transporting spent
fuel was deviations
from the regulatory
requirements concerning
the documentation
associated with the
transport.

Table 2.6
Package type

Frequency of events (2014-2015)

Type B

1/460 packages

Type A

1/8,000 packages

Type IP

1/1,800 packages

Excepted

1/32,600 packages

Frequency of declared events
by type of package during the
2014-2015 period
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Analysis of the main types of events
that occurred in 2014 and 2015
compared to previous years

In 2014 and 2015,
the three most frequent
types of events were
the same as in previous
years: documentation
events, radiological
events, and damage
to packages.

Absences and errors
in transport documents
or package labels were
the leading reason
for declaring events in
2014 and 2015
(one event in four).
4. These do not necessarily reflect
the declaration criteria set out in
ASN’s guide to declaring events.

A

s in M similar
analyses in the
past, transportrelated events
declared to ASN
are
classified
by IRSN in 10 standard categories4 representing the most
significant safety issues, and accounting for 90% of all declared
events. The change in the distribution and number of declared
events each year since 2012 in
these ten categories are shown
in Figure 2.8.
The four categories accounting
for the largest number of events
and/or for which the number of
events has increased significantly
in the last two years are analysed
later in this chapter. Three other
categories in which significant
events occurred in 2014 or 2015
are also analysed in Chapter 3 of
this report.
The three most frequent types of
events in 2014 and 2015 are identical to those in previous years:
documentation event, radiological
event and damage to packages.

They account for around 55%
of all events declared in 2014
and 2015, which is similar to 2012
and 2013. Events related to package tie-down defects increased
in 2014 and 2015.
Documentation
events
Absences and errors in transport
documents or package labels
(such as oversights or errors in the
transcription of information into
transport documents or deviations concerning package label,
e.g. missing labels or incorrect or
incomplete labels) were the primary reason in 2014 and 2015
for declaring events (one event
in four).
In 2014 and 2015, the increase
in the number of documentation
events (Figure 2.11) was mainly
due to industrial packages containing contaminated tools and
equipment from nuclear power
plants and involves the operators of various EDF nuclear power
plants and of facilities used for the
maintenance and storage of this

equipment (BCOT at Tricastin) or
specialising in the treatment and
conditioning of low-level waste
(SOCODEI).
The event reports submitted to
ASN indicate that most of these
events were due to individual
errors, in most cases explained
by:
›› the large amount of information and data to be transferred
in the shipping documents and
operating documents used by
the operators responsible for
preparing the packages;
›› the wide variety of units of
measurement to be transferred
(multiples of becquerels for
data concerning the activity of
the contents and conversions
between dose rate measurements expressed in µSv/h and
mSv/h to check compliance
with regulatory radiological criteria and calculate the transport
index of the packages).

Figure 2.8

Types of declared events by category between 2012 and 2015
(number of events declared each year)
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1

Regulatory documents and labelling of packages of radioactive materials
and the vehicles transporting them
risk (Figure 2.9) if fissile materials are being
transported;
›› each vehicle transporting packages other than
excepted packages should display an orange
panel identifying the type of hazard and the
UN number and a 7D label (Figure 2.10).

©DR

The documents and labelling that should
accompany a package containing radioactive
materials are:
›› the transport document certifying that the
conditioning of the radioactive materials
meets applicable rules, and giving the main
information about the consignment and the
package(s) being transported;
›› the driver’s training certificate and the safety
instructions;
›› the markings on each package (indicating
the consignor and consignee, the package
weight, the type and size of package) and the
labels applied to each package: label 7A, 7B
or 7C (also known as I-white, II-yellow and
III-yellow respectively) identifying the level of
irradiation and label 7E indicating the criticality

Figure 2.9 Labels 7A, 7B, 7C and 7E

Figure 2.10
©DR

Label 7D
and orange placard

40

EDF sites
Other fuel cycle sector
consignors
Small-scale nuclear sector
consignors

35
30
25

9

8

8

2

5

7

8

10

2012

2013

5
0

3

An increase in
the number of
documentation
events in 2014 and
2015 is attributable
in particular
to industrial
packages filled
with contaminated
equipment and tools
from nuclear power
reactors.

17

10

15
10

21

10

20

2

1

2010

1

2011

7
8
5

2014

9

Figure 2.11

Change in the number of
documentation-related events
reported from 2010 to 2015 by
consignor

2015

What types of events are in the 10 categories used by IRSN?
The types of events corresponding to the categories used by IRSN are:
➔ documentation events: deviations, oversights and errors concerning information required in transport documents
or on package labels
➔ radiological events: exceeding the limits set by regulations on the equivalent dose rate around the package
or means of transport and the contamination on the surface of the package or means of transport
➔ damage to packages: damage resulting from impacts during transport or handling operations
➔tie-down defects: deviations from the package tie-down plan
➔ package non-conformities: deviations in package design (including non-conforming bolts and different component
dimensions from those specified in the safety analysis report) or use in conditions not provided for in the user manual
(including missing gaskets and the wrong type of inerting gas)
➔ non-conforming content: the presence, in the packaging, of objects or materials not authorized for loading, such as organic
matter (plastics, fabric, gaskets) that may have fallen into the cavity of the packaging during loading, equipment such as straps
and hoods, that was not removed or liquids (water or oil) present as a result of incomplete drying or a fault
with a piece of equipment used above the packaging (lubricant leak)
➔ deviations from regulations: deviations resulting from improper implementation of safety requirements on the choice
of type of package (the wrong package classification, shipping of radioactive materials in conventional packages)
or failure to comply with a regulatory requirement (overlooking a radiological measurement, lack of driver certification,
no extinguisher on board the vehicle, etc.)
➔ package theft or loss: loss of packages, whether permanent or temporary, as a result of theft, delivery error or during
airport transit
➔ package closure defects: deviations concerning the closure of a waste drum (e.g. broken band), an ISO-type container
(door locked incorrectly), or a UF6 cylinder transport overpack (pin improperly engaged) and loose bolts on the cavity lid
or the package's impact limiter (incorrect tightening torque or bolts that can be loosened by hand) or failure to lock
a gamma radiography unit
➔ collisions, run-off-road accidents and derailments: incidents and accidents that occur on the roadway (collisions,
fender-benders, run-off-road accidents) and during rail transport (derailments, crashes).

What is the transport
index of a package?
The transport index (TI)
of a package is a number
corresponding to 100 times
the highest equivalent
dose rate, expressed in
millisieverts per hour
(mSv/h), measured at a
distance of 1 metre from the
packages external surfaces.
It is used to decide which
label should be applied to
the package (label 7A, 7B or
7C) to inform workers and
emergency response teams
of the radiological hazard
posed by the package in an
emergency situation. The
consignor calculates the TI
of each package and applies
the corresponding label to
the package.
The transport index is
also used to determine the
number of packages that
can be loaded on to the
same means of transport;
the total of the TIs of all the
packages loaded must not
exceed 50 (except cargo
aircraft and ships, for which
the TI total can be 200, or
even unlimited in the case of
container ships).
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Figure 2.12

Drums containing uranium ore at an
ore treatment plant in Niger

Instances in which regulatory limits were
exceeded, on the one hand because of
an equivalent dose rate on the surface
of and around the package, and on the
other because of contamination on the
outside of the package or on the means
of transport, remained the second most
common cause of reported events.

Event in which the regulatory limit for package
contamination was exceeded
The highest contamination level recorded in 2014 and 2015
was 910 Bq/cm² (radioelements emitting beta radiation).
This was measured after a type B package containing
irradiated fuel assemblies was transported by rail, in the
reovery pan in the bottom part of the canopy (the metal
protective cover used to protect the package from bad
weather and prevent contact with its surface – Figure 2.14),
the temperature of which can reach 85°C.
However, this instance of the regulatory limit,
set at 4 Bq/cm², being exceeded had no radiological impact
for the personnel involved or the public, because it was
located in an area not accessible by workers or the public.

The reports rarely indicate the
“deeper”, organisational causes of
these events and the corrective
action taken generally consists
of raising awareness among the
personnel involved.

on the contrary, that they are
being under-reported by those
involved in small-scale nuclear
activities.

IRSN believes that the increase
in the number of declared events
in the context of shipments of
industrial packages containing contaminated equipment
and tools does not indicate a
deterioration in the standard of
document management by the
operators involved.
Because in most cases they are
both the consignors and the
consignees of the shipments
concerned (tools circulating
between nuclear power plants)
and they therefore also detect
the documentation deviations,
this increase indicates that
the personnel involved have a
good awareness of the regulatory requirements and that
the process of feeding back
information to the consignor
site and declaring the event
to ASN is working well. In this
regard, the fact that, as in previous years, the vast majority of
documentation events are still
being reported by companies in
the nuclear fuel cycle suggests,

Instances in which regulatory limits were exceeded, on the one
hand because of an equivalent
dose rate on the surface of and
around the package, and on the
other because of contamination
on the outside of the package
or on the means of transport,
remained, in terms of numbers,
the second most common cause
of reported events.

Radiological events

In particular, there was an increase
in the number of contamination
events in 2014 and 2015 despite
the number having been relatively
stable for about a decade.
Looking in more detail, it seems
that this increase was mainly due
to the contamination of drums
containing natural uranium ore
from mines operated by the Areva
group (Figure 2.12): 12 events of
this type were reported in 2014
and 2015, compared with 5 in
2012 and 2013 (Figure 2.13).
Because of the very low contamination levels measured (a few

What are the regulatory radiological criteria?
The regulations on the safe transport of radioactive materials set limits for the
equivalent dose rate around each package and the means of transport and for
non-fixed contamination (contamination that can be removed from a surface under
routine transport conditions, e.g. through the effect of vibrations or bad weather) on
the surface of packages:
➔ the equivalent dose rate must not exceed 5 µSv/h at any point on the external
surface of an excepted package and 2 mSv/h on the surface of other types of
package, or 10 mSv/h in the case of transport in “exclusive use”*
➔ in all cases, the equivalent dose rate must not exceed 2 mSv/h at any point on
the accessible surface of the means of transport and 0.1 mSv/h two metres
away from the means of transport
➔ the surface contamination of packages must not exceed 4 Bq/cm² for low toxicity
beta, gamma and alpha emitters** and 0.4 Bq/cm² for other alpha emitters
(average values applicable for an area of 300 cm² on the package surface)

©ASN/DR

➔ these radiological criteria must be checked every time a package of radioactive
materials is shipped. The checks are also performed by the consignee before
packages are unloaded.

Figure 2.14

Canopy (metal protective cover painted white) used to transport
packages of spent fuel or high-level waste by rail
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*Exclusive use shall mean the sole use, by a single consignor, of a conveyance or of a large freight
container, in respect of which all initial, intermediate and final loading and unloading is carried out
in accordance with the directions of the consignor or consignee.
**Low toxicity alpha emitters are: natural uranium, depleted uranium, natural thorium,
uranium-235 or uranium-238, thorium-232, thorium-228 and thorium-230 when contained in
ores or physical and chemical concentrates; or alpha emitters with a half-life of less than 10 days.
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becquerels per square centimetre) and the very small amounts of
uranium ore discovered on these
drums (generally only traces) or
on the means of transport, these
events are not likely to have either
a radiological or a chemical5 impact
on the personnel involved in the
transport and unloading of these
packages.
These events are due to problems with the leaktightness of
the drums or a lack of radiological cleanliness due to the filling of
the drums. In addition, because
the drums are transported in 20’
ISO containers, the contamination
events did not have a radiological
or health impact on the public or
the environment.
However, IRSN considers that
the increase in the number of
events reported in the last two
years could be an opportunity to increase checks of the
drums used for these transport
operations and to improve their
“cleanliness” during loading
operations.
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Change in the number of
radiological events reported from
2010 to 2015

2014
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The number of contamination
events (Figure 2.15) involving the
transport of type B packages containing irradiated fuel assemblies
(Figure 2.16) or empty wagons
previously used for the transport
of these packages remained low
in 2014 and 2015 (one and four
events respectively) compared to
the figures for the 1999 to 2002
period, which were linked to incorrect procedures concerning the
immersion of these packages,
during loading operations, into the
spent fuel pools at EDF’s nuclear
power plants.
As in previous years, a limited number of cases where the regulatory
criteria for equivalent dose rate were
exceeded were identified in 2014
and 2015. The majority of these
events (five of the eight declared)
concerned excepted packages; the
equivalent dose rate measured on
the surface of these packages, of
22 µSv/h maximum compared with
a regulatory limit of 5 µSv/h, is not
likely to have a radiological impact
on workers or the public.

Figure 2.16

Control of transport packaging
containing irradiated fuel

As in previous years, there was a limited
number of occasions in 2014 and 2015
when the regulatory limits for equivalent
dose rate were exceeded, and the
radiological consequences of these were
also limited.
5. The toxicity of uranium comes from its
radiological and chemical properties.
Chemical toxicity is predominant in uranium
whose enrichment in uranium-235 is lower
than 7%. Radiological toxicity is linked to
the isotopic composition of the compound
and its specific activity; the greater the
compound’s enrichment with uranium-235,
the greater the radiological risk.

Figure 2.15

Change in the number of contamination events
reported from 1999 to 2015
50
40
30

Empty vehicle or
packaging
Type B
Type A
Type IP
Excepted

20

©IRSN

10
0

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

19

Safety of the Transport of Radioactive Materials for Civilian Use in France
Overall analysis of significant events

Event in which the regulatory criterion for equivalent dose rate on the surface
of a package was exceeded
On 10 December 2014, the CEA in Cadarache
sent a tank containing radioactive liquid
effluent drained from the pools of INB 56 (used
for storing solid radioactive waste) to the CEA
in Marcoule.
On 16 December 2014 the CEA in Marcoule
returned the tank, which still contained a small
residue of the effluent, to the CEA in Cadarache
as an industrial package. During radiological
checks performed on receipt of the package,
the CEA in Cadarache measured an equivalent
dose rate on the package surface, at the bottom
of the tank, of 2.6 mSv/h, which is much higher
than the value measured before it was sent
(0.2 mSv/h).

The consignor said that this discrepancy could
have been caused either by the separation of the
materials suspended in the effluent, causing a
deposit to form during transport and therefore
a concentration of radioactive materials at the
bottom of the package, or by the checks being
carried out in different places on the package
by the consignor and the consignee.
A similar event affecting the same type of tank
was reported on 4 March 2015 during transport
between the Osiris research reactor at the
CEA in Saclay and the CEA in Marcoule. The
equivalent dose rate measured by the consignee
after the transport (1.2 mSv/h) was significantly
higher than the value measured before.

None of the events linked to
damage to packages led to a loss
of containment of the radioactive
materials being transported
or to a deterioration in the
radiological protection provided
by the packaging.

For the other types of packages,
the regulatory limit for the equivalent dose rate is 2 mSv/h on the
surface. In the most serious case
where this limit was exceeded
the equivalent dose rate was
measured at 2.6 mSV/h on an
industrial package.
Events involving
damage to packages

Events consisting of damage to packaging
used to transport uranium-bearing materials
In 2014 two packages used as part of the nuclear fuel cycle were
damaged when they were dropped during handling while being
transported on public roads.
The event on 22 January 2014 involved a “cylinder” of UF6,
which had previously been emptied. This “cylinder”,
which had just been loaded onto the trailer of a transport
vehicle, fell from a height of around 2.50 m after being knocked
by the handling tool when it was loading another cylinder.
The fall did not cause any damage to the package and had no
consequences for the safety of the package.
The second event occurred on 30 June 2014 in front of
the fuel building of unit 2 of the Saint-Laurent-des-Eaux NPP,
when a lorry transporting several packages, each containing a
fresh fuel assembly, was being unloaded.
The packages, arranged on two levels in the vehicle, were
unloaded in pairs using a crane fitted with slings and placed on
a lorry so that they could be taken into the fuel building. After
the second pair of packages had been unloaded, when the crane
was being raised again to unload the last two packages, one
of the slings caught on a protruding part of the top package,
causing it to fall from a height of around 1 m.
The package was only slightly damaged. The radiological
checks carried out did not reveal any deviation from regulatory
requirements. No damage to the fuel assembly inside the
packaging was observed. This type of package, designed for
transporting fissile materials, is designed to withstand being
dropped from a height of 9 m on to an unyielding target.
The analysis carried out by the operator identified technical
failings, particularly with the lifting equipment used and the
position of the slings, and a lack of care by the operators
because of the routine nature of the operations.
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Damage to packages, mainly due
to impacts during handling operations, was the third most common
cause of declared events in 2014
and 2015.
The damage recorded was limited.
None of the declared events led to
a loss of containment of the radioactive materials being transported
or to a deterioration in the radiological protection provided by the
packaging.

Consequently, all the events
were classified as below scale
or at level 0 on the INES scale.
As was the case in previous years,
the vast majority of these events
involved excepted packages and
type A packages in the medical sector (Figure 2.17), which
were damaged during handling
at airports.
However, a fairly marked drop in
the number of packages damaged during these transport
phases was recorded in 2015.
This could be linked to the introduction and repetition of awareness outreach by the company
CIS Bio International, which sends
out the type of packages most
often involved in this type of event,
to airlines and personnel involved
in handling the packages.
Events involving
tie-down defects
Events related to package tiedown defects increased in 2014
and 2015 (Figure 2.18). As an
example, these events can involve
the use of the wrong type or number of straps, the straps not being
secured tightly enough, a package
being in the wrong position on its
transport frame, or even packages
being transported without being
tied down at all.
Half of the 20 events of this type
declared in 2014 and 2015 concerned “ISO” (industrial-type)
packages shipped by the fuel cycle
sector. During these events the
load, consisting of contaminated

Figure 2.17

Change in the number of events involving damage
to packages reported from 2010 to 2015
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1
before shipment. In some cases,
poor training of operators or a
lack of time were identified as the
cause. This is particularly the case
in routine operations or activities
not dedicated specifically to the
nuclear sector (delivery companies carrying different types of
packages, transit vehicles in airports, etc.).

In some cases the radioactive
contents moved around in the
container as a consequence of
these non-conformities, which
potentially damaging the contents
or the container during transport.
Several of the declared events
also led to variations in the equivalent dose rate measured on the
surface of the package and the
vehicle walls. Package tie-down
defects can also lead to packages
falling on to the public roads, as
occurred on 19 November 2012
(an event classified as level 2 on
the INES scale and presented in
the M IRSN report on the events
that occurred in 2012 and 2013).

The topic of tie-down defects
has been discussed by working groups nationally and
internationally, with IRSN’s
participation.
The international working group
looked into the definition of
acceleration values to be taken
into account when determining
the size of equipment to use for
tying down packages.
One of the main objectives of
the French working group, led
by ASN, was to identify the
origin of the most common
problems and put forward
actions aimed at reducing their
occurrence.
In particular, it looked at writing a guide for the personnel
concerned, containing best
practices to make the tie-down
of packages more secure (indepth training, dual inspection,
user manual, etc.).

Among the other types of packages affected by tie-down defects,
there were four events in the last
two years involving the transport
of gamma radiography units. This
type of problem was the cause
of the event on 2 March 2015
described in Chapter 3 of this
report.
Event reports show that organisational and human errors are the
cause of most of these events.
Technical failures or tie-down
equipment sizing problems are
not recurrent problems.
In particular, the cause of these
deviations can be a failure to
pass on information about the
progress of tie-down operations
during handovers between two
teams or a failure to check that
the package is properly tied down

2
3

©EDF/DR

tools or low-level waste, was not
properly tied down (Figure 2.19).

Figure 2.19

Illustration of inappropriate
tie-down for loading

Events related to package
tie-down defects increased
in 2014 and 2015.

Event related to a tie-down defect of the radioactive
contents of a container
On 11 May 2015, the operator of the Cruas NPP
sent some bags of contaminated laundry to the
Fessenheim NPP in an industrial container to be
washed. Because it was not properly tied down,
a bag containing contaminated shoes moved about
inside the container during transportation. This
increased by a factor of 6 the equivalent dose
rate measured on the container walls between
when it was shipped (0.18 mSv/h) and when it was
received (1.07 mSv/h). The regulatory limit for
the equivalent dose rate on the package surface
(2 mSv/h) was not exceeded. However,
the initial radiological labelling of the package was
no longer correct for the equivalent dose
rate on receipt of the package.
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Change in the number of tie-down defects
reported from 2010 to 2015

2015
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Key events
Event on 2 March 2015 concerning failure
to comply with regulatory requirements during
the transport of a gamma radiography unit
Event on 29 September 2015 in which the impact
limiter bolts on packaging used for transporting
irradiated fuel elements were not properly
tightened
Event on 8 April 2015 concerning non-compliant
contents of a transported package

This chapter presents several key events that occurred
in 2014 and 2015, which illustrate three of the categories
of events presented in the overall analysis of significant
events in Chapter 2.
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Event on 2 March 2015 concerning failure
to comply with regulatory requirements during
the transport of a gamma radiography unit

1
2
3

This event is linked to several failures to comply with regulatory requirements during
the transport of a gamma radiography unit, mainly concerning the locking of the source
and the tie-down of the package. Events involving gamma radiography units were on
the increase in 2014 and 2015.

ndustrial radiography, or
gamma radiography, is a
method of non-destructive
testing through the emission
of gamma or X rays. It uses
mobile equipment (a gamma
radiography unit) containing a
sealed high-level radioactive
source. These sources can cause
significant external exposure to
ionising radiation (irradiation) of
workers and the public. Nearly
700 units of this type are used
in France; the possession and
use of this equipment requires
authorisation from ASN in application of Article L.13334 of the
Public Health Code.
In addition, to transport this
equipment on public roads,
the package consisting of the
gamma radiography unit and
its protective box must be
approved by ASN. According
to the approval certificate for
the package design, a gamma
radiography unit may only be
transported when its shutter is
inserted and locked in position
(green indicator light lit) and only
if it is placed inside its protective
box, which must be tied down on
the means of transport.

gamma radiography unit contains
an iridium-192 sealed source,
which is very highly radioactive
(around 1.8 TBq). The package, consisting of the gamma
radiography unit in its transport
packaging (Figures 3.1 and 3.2)
is approved by ASN as a type B
package.
On 16 March 2015, ECW
reported a significant event to
ASN because the gamma radiography unit had been transported when the unit was not
in its “locked shut” position (red
indicator light lit). This was due to
difficulties with manoeuvring the
shutter to close the cavity containing the radioactive source.
Because the shutter was not
locked, there was a risk that
the source could fall out of its
shielded cavity if there was an
accidental impact during transport. Furthermore, the operators
responsible for the radiography
operations and for transporting
the unit could not detach the
site accessories (crank cable
and collimator connected to
the projection container nozzle
– Figure 3.3).

Description
of the event
On 2 March 2015, Engineering
Control Welding (ECW), a company specialising in industrial
radiography, shipped one of its
gamma radiography units back
from an industrial site to its local
branch in Courcelles-lès-Lens in
northern France. This “GAM 80”

According to the approval
certificate for the package design,
a gamma radiography unit may
only be transported when its
shutter is inserted and locked
in position and only if it is placed
inside its protective box, which
must be tied down on the means
of transport.

What requirements are included with the approval
certificate of a type of package used for
transporting gamma radiography units?
Packages transported on public roads are subject to an
approval certificate issued by ASN, which certifies that the
package type complies with applicable requirements. It
includes a definition of the radioactive materials that can be
transported in the packaging as well as the requirements
for their conditioning and, where applicable, the transport
conditions.
Approval certificates for package types used to transport
gamma radiography units therefore include requirements
concerning the locking of the unit. These requirements
include a check that the gamma radiography unit closure
and locking systems are working properly, a check that the
unit’s indicator light is green and that the safety locking key
has been removed before transport.

©CEGELEC/DR

I

Background

Figure 3.2

Transport packaging
(CEGEBOX) for a gamma
radiography unit
Figure 3.1

GAM-80 gamma radiography unit
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So they took the decision to
transport the unit without putting it into its transport package
and to cover it with a lead sheet.

The operators should
have informed
the unit supplier
immediately so as
to obtain technical
support and,
while awaiting
that support, they
should have set up
a prohibited access
zone around the
faulty unit.

Before it was shipped, the operators checked that the radioactive
source was in the correct position
inside the gamma radiography
unit by checking the dose rate
around it using a radiation meter.
However, failure to place the unit
in its protective box and to tie
it down in the vehicle increased
its vulnerability to impacts. This
could have led to the irradiation
of personnel and to emergency
response teams if a road accident had occurred, and even of
members of the public nearby.

Because of these risks, the
event was classified by ASN
as level 2 on the INES scale.
Analysis of the causes
of the event and
corrective action
As a result of this event, ASN
carried out two inspections on
ECW’s premises, in particular to
check the practices followed by
the company and to look at the
action it had taken.
The company explained that the
event was caused by a technical
problem with the shutter of the
gamma radiography unit, which
prevented it from being locked.

The measures to be taken in
the event of an anomaly or
problem with a gamma radiography unit, which are set out in
the authorisation issued by ASN,
were not followed by either of the
two operators. In particular, they
did not inform their line managers or the supplier of the problem with the unit. They made
the decision on their own to
handle and transport the unit in
a “degraded” state.
The operators should have
informed the supplier immediately so as to obtain technical
support and, while awaiting that
support, they should have set
up a prohibited access zone
around the faulty unit. In addition,

1 FOCUS
Operating principle of a gamma radiography unit
and instructions for use
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be closed off using a shutter, which must
be locked in position using a key. The
locking status is shown by an indicator
light (red when the shutter is not fully
inserted into the cavity, yellow when it
is inserted but not locked in position,
and green when it is inserted and
properly locked in position). The gamma
radiography unit must be transported on
public roads in its protective box, and
only when the indicator light is green.
The safety key must be removed and
transported separately from the unit.
Because the source is highly radioactive,
a gamma radiography unit may only
be used and transported on public
roads if authorisation has been issued
by ASN (authorisation to use the
unit, certificate approving the sealed
source and certificate approving the
package consisting of the unit in its
transport package). The regulations also
stipulate that personnel using a gamma
radiography unit must have CAMARI**
certification (a certificate of fitness to
handle industrial radiology equipment).
A gamma radiography unit may only be
transported on public roads by a driver
licensed for the transport of Class 7
hazardous materials.

Handle for cranking
out the source
Device containing
the radioactive
source in its
safety position
Guide tube

©ASN/DR

A gamma radiography unit is a mobile
unit used for radiographic nondestructive testing in various industrial
sectors such as aerospace, automotive,
metallurgy*, etc.
It contains a sealed radioactive source
(generally iridium-192, selenium-75 or
cobalt-60), which is highly radioactive
and sits in a source holder. When the unit
is not in use, the source is placed in a
cavity known as the projection container,
surrounded by radiation shielding made
from depleted uranium or lead, which
reduces the intensity of the ionising
radiation on the surface of the gamma
radiography unit.
During radiographic inspections, the
source is moved from its cavity into the
collimator, possibly through a guide
tube. This operation is performed using a
remote control, or crank, attached to the
back of the gamma radiography unit, so
that the operator remains at a distance
from the source when it is out of its
radiological protection.
After each inspection, the source is
wound back into its cavity. The position
of the source holder is indicated by a
light on the unit. The unit and the guide
tube should also be systematically
checked using a radiation meter to
ascertain the position of the source.
Before the unit is moved, and especially
before it is transported on public roads,
the gamma radiography unit cavity must

Figure 3.3

Main components of a gamma
radiography unit

Collimator containing
the radioactive
source during
radiographic
examinations

*Radiography inspections consist of placing the object to
be characterised (sheet metal or duct to find the thickness,
weld to be inspected for defects, etc.) between the gamma
radiography unit’s radioactive source and a detector. It
is possible to determine the characteristics (thickness,
location and size of welding defects, amount of corrosion,
etc.) of the object very accurately from the attenuation of
the ionising radiation passing through it.
** By order of 21 December 2007 passed in application
of Article R.4451-55 of the Labour Code, since 26 June
2008 IRSN has been the national examination centre for
CAMARI certification. Since that date, IRSN has set up an
examination system in accordance with the requirements
of the order for the three options covered by CAMARI
(X-ray generators, particle accelerators and radiography
units containing one or more radioactive sources).

FOR MORE INFORMATION

M CAMARI certificate of aptitude for operating industrial radiology equipment
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the company’s radiation protection officer should have been
contacted before the unit was
handled, to make a preliminary
assessment of the collective dose
and individual doses likely to be
received by the personnel and
thus assess whether the action
to be taken with regard to the
irradiation risks was appropriate.
During its inspections, ASN identified that the operators’ failure
to follow these rules was linked
to the fact that some of ECW’s
internal safety rules were not
compliant with ASN’s authorisation, which prohibits handling of
gamma radiography units if there
is a shutter problem. ECW’s
instructions do indeed state that,
if the shutter malfunctions, the
operators should “prevent radiation from escaping by placing a
thick piece of metal in front of the
projection container”.
ASN found that the faulty gamma
radiography unit was returned to
the supplier on 3 March 2015 in
two stages. The first part of the
journey took place in a vehicle
driven by the manager of ECW’s
local branch, and the second
part took place in another vehicle
driven by one of the company’s
employees, following the transfer
of the package from one vehicle to the other at a motorway
service area. This operation did
not comply with the TMD Order
on the transport of dangerous
goods by land (see Chapter 1
of this report), which prohibits the loading or unloading of
packages containing hazardous
materials on public roads. The
branch manager also did not
have a licence for the possession and use of the radioactive
source inside the unit. According
to the package type approval
certificate, he was therefore not
authorised to transport the locking key at the same time as the
unit. Under these circumstances
the locking key should have been
transported separately.
This event revealed deficiencies
within the local ECW branch
concerning:
››the transposition of the regulatory requirements to be fol-

What significant radiation protection events have occurred
as part of industrial activities using gamma radiography units?
Every year, around ten events that occur during gamma radiography inspections
are declared to ASN because they have had significant or potentially significant
consequences in terms of radiation protection. In its report on occupational exposure
to ionising radiation in France in 2014, IRSN presented a survey of the events that
occurred in 2014 and listed the types of events that are specific to gamma radiography.
This survey revealed that the two main causes were:

1
2
3

➔ loss of control of the source during the radiographic exposure because the source
became stuck in the guide tube or projection container, or because the shutter was
broken when the source was being drawn back into the projection container;
➔ failure to follow regulatory operating requirements, particularly concerning
marking out of the area concerned.
FOR MORE INFORMATION
particularly about the causes and consequences of these events:
M http://www.irsn.fr/FR/expertise/rapports_expertise/Documents/radioprotection/
IRSN_bilan-annuel-travailleurs-2014.pdf - Chapter on “Non-nuclear industry sector”
(“Domaine industriel non nucléaire”), paragraph “Focus on gamma radiography”
(“Zoom sur la gammagraphie”), p. 88.

lowed in the event of a gamma
radiography unit malfunction;
››training of operators in the
preparation of packages and
the procedures to be followed
in emergencies, as required by
the ADR regulations;
››the organisational procedure
to be followed when a deviation from regulatory requirements is detected (the event
was declared to ASN late, no
information about the incident
was held by the company that
carried out the service and
the operations to return the
unit to the supplier breached
the requirements of the Order
on the transport of dangerous goods and the package
approval certificate).
The corrective action taken by
the company consisted of updating its safety instructions to bring
them into compliance with regulatory requirements (prohibition
on handling a gamma radiography unit in a “degraded” situation). Furthermore, a reminder of
the measures to be taken in a
“degraded” situation was given
to all authorised personnel in
an internal memo explaining the
deviations identified during the
event and through awareness
training sessions run by the
radiation protection officers at
the company’s branches.

The TMD Order on the
transport of dangerous goods
by land prohibits the loading
or unloading of packages
containing hazardous materials
on public roads.

What regulatory measures should be taken
in the event of loss of control of the radioactive
source in a gamma radiography unit?
The fact that a source is not in its safe position
means that any direct operator intervention on
the unit is prohibited because of the very high
ambient dose rates around the unit.
In this respect, the specific requirements to
be followed, which are enclosed with the
authorisations issued by ASN, state that “any
faulty device must be clearly identified.
They must not be used until they have been
repaired and their operation has been checked”.
These requirements also state the procedure to
be followed in the event of an incident: “during
any incident directly involving the operation
of a gamma radiography unit, the person in
possession of the unit must inform its supplier.
If necessary, they must seek technical assistance
from the supplier with the repair of the gamma
radiography unit, including on site if necessary.
In the meantime, the person in possession of the
unit will check that all necessary measures have
been taken to protect workers, the public and the
environment; in particular they will check that
the perimeter of the prohibited access zone is
sufficient and is appropriately marked”.
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Lessons learned

Deviations related
to the locking and
tying down of
gamma radiography
units involved
consignors in
the radiography
inspection sector
in industries that
are not part of the
nuclear sector.

1. Examples of causes of incidents in which
control of the source is lost:
›› presence of foreign matter in the guide
tube or the channel inside the gamma
radiography unit;
›› damage to the guide tubes,
›› crank cable tube;
›› irradiation device becoming detached
from the guide tube;
›› breakage of the connection between the
control cable and the source holder;
›› breakage of the source holder.

Of the 13 events involving gamma
radiography units reported in
2014 and 2015 (Figure 3.4),
deviations related to the locking
and tying down of units involved
consignors in the radiography
inspection sector in industries
that are not part of the nuclear
sector, whereas documentation
deviations involved the nuclear
sector (particularly EDF’s NPPs)
using gamma radiography units
for radiography inspections during maintenance.
IRSN considers that this feedback shows that the companies involved have a poor
understanding of the regulatory
requirements notified in the
authorisations issued by ASN
and underlines the importance
of taking into consideration the
technical causes of events.
These issues were examined
in a working group set up by
ASN in 2012 because of events,
with potentially serious radiological consequences, associated with a loss of control

of the radioactive source in
gamma radiography units1
(source stuck in the unit,
source disconnected from the
crank cable, source outside the
unit, etc.) that had occurred in
France in the past ten years.
As one of the main tasks of this
working group, composed of
the main supplier of units in
France (Cegelec), users (radiography companies), customers (Areva, EDF, etc.) and ASN
and IRSN, IRSN proposed in
particular a list of potential
scenarios of loss of control of
the source, and an analysis of
feedback from events of this
kind that had taken place in
France between 2004 and
2014, by type of event. IRSN
also looked at technical measures associated with the use of
gamma radiography equipment
abroad, which could also be
implemented in France.

incident, as well as research by
the French supplier of gamma
radiography units to improve
the robustness of the units
used in France.
In addition, the contribution
made by the main users of
gamma radiography units and
the French supplier enabled
intervention procedures to
be defined in case sources
became stuck, depending on
the cause and the level of intervention needed.
ASN’s conclusions should be
published before the end of
2016.

The results of its assessment
prompted IRSN to recommend:
the introduction of technical measures to prevent the
occurrence of some types of

Figure 3.4

Change in the number of events
involving a gamma radiography
unit reported from 2012 to 2015
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1

Event on 29 September 2015
in which the impact limiter bolts
on packaging used for transporting
irradiated fuel elements were not
properly tightened

2
3

This event and similar events in 2014 and 2015, of which it is representative,
illustrate the types of defects identified in the protection of packages.
Background

radioactive materials into the environment, in early 2012 ASN asked
EDF to prepare an action plan to
correct the problems identified (M
see the previous public report by
IRSN on transport safety). The
analysis carried out jointly by EDF
and the company that designed
the types of packaging affected
(Areva TN) concluded that a lack
of clarity in the instructions for
use of the packaging, on greasing
the bolts, the order in which they
should be tightened, and the waiting time to be observed between
installing the bolts and tightening them, to prevent the risk of
bolts becoming loose because
of differences in thermal dilation,
could have caused them not to
be tightened sufficiently or to have
become loose during transport.
The bolt tightening instructions
were revised and independent
double checks were introduced
on all the EDF sites shipping
these packages from October

T

he number of
events related to
failure to tighten
one or more of
the impact limiter
bolts on packaging used for transporting irradiated fuel assemblies increased
significantly in 2011 (Figure 3.5).
That year, eight events of this
kind were reported; their occurrence had been minimal prior to
that (three events reported in ten
years).
Failure to tighten these bolts can
cause the impact limiter on the
packaging to fall off in the event
of an accidental impact. Under
these circumstances, if a fire then
breaks out, the protection provided by the gaskets guaranteeing the package containment will
be affected. Because such a scenario could lead to the release of
Figure 3.5

Change in the number of impact limiter bolt
tightening defects reported from 2011 to 2015
Package of irradiated fuel

10

Other types of package

Failure to tighten the bolts securing the impact
limiters on the packaging can cause the impact
limiter to fall off in the event of an accidental
impact. Under these circumstances, if a fire
then breaks out, the protection provided by the
gaskets guaranteeing the containment of the
radioactive contents will be affected.

What is the purpose of the impact limiter
on some transport packaging?
Most of the packaging used for transporting irradiated fuel
elements, high-level waste and/or fissile materials has a cap at
each end, filled with wooden blocks. The purpose of these caps
is to absorb any mechanical shocks if the package is dropped
and to protect the safety-related components of the package,
such as the gaskets used to make the containment system
protecting the radioactive materials leaktight, in the event of a
fire. In particular this is the case with the type B packaging used
to transport fuel assemblies irradiated in EDF’s nuclear power
plants (Figure 3.6) to the Areva NC plant in La Hague.
The impact limiter fastening bolts are greased and tightened
using a torque wrench (Figure 3.7) to a torque that will ensure
the impact limiter stays in place in the event of accidental impact
(e.g. package being dropped or road collision).
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package used to transport
irradiated fuel assemblies

Figure 3.7

Operation to tighten impact
limiter bolts
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The event reported on
29 September 2015
involved a package
from Cruas NPP on
which the recipient
noticed that four bolts
securing the impact
limiters on the
packaging were loose.

The loosening of
the bolts observed
following the transport
could not have been
due to a failure to
follow the instructions
for tightening the
impact limiter
bolts, issued by the
packaging designer.

2013, and the number of events
of this type subsequently fell.
However, these measures did not
completely eliminate this type of
event, so EDF and Areva TN had
to continue their research into the
possible causes.
Description
of the event
The
event
reported
on
29 September 2015 involved a
package from Cruas NPP (consignor) on which the recipient
(Areva NC at La Hague) noticed
that four bolts were loose (one on
the front impact limiter and three
on the back impact limiter). ASN
classified this event as level 0 on
the INES scale.
The event is similar to an event
on 13 February 2014 involving a
package from Belleville-sur-Loire
NPP and an event on 18 June
2015 involving a package from
the Borssele power plant in the
Netherlands.
Analysis of the causes
of the event and
corrective action

One hypothesis was
that the vibration of
the packages during
transport could
“encourage” the bolts
to come loose.

The consignor’s analysis of the
operating documents did not
reveal any problems when the
bolts were tightened. In particular, the checklist completed by
the operators responsible for
tightening the impact limiter bolts
suggested that the tightening
sequence, consisting of a visual

Which types of packaging were involved
in events where the impact limiter
bolts worked loose?
Between 1999 and 2014, the events in which
the bolts securing impact limiters worked
loose all involved heavy packaging used for
transporting irradiated fuels.
In 2015 two events were reported affecting
two other types of packaging:
one type B package containing drums of solid
waste and one empty package, previously used
for transporting fresh MOX (uranium oxide
and plutonium) fuel assemblies.
The cause of these events has not yet been
formally identified. However, the hypothesis
of the bolts working loose during transport
from the effect of the vibrations
has been advanced by the designer
of this packaging.
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inspection of the greasing of the
bolts, a wait for the minimum
time required between installing
the bolts and tightening them,
the pre-tightening of the bolts
and then the tightening of the
bolts in a “star” sequence, was
performed in accordance with
the instructions. Moreover, the
final tightening of the bolts was
checked by a different operator
using a different wrench from the
one used initially.
The consignor also said that no
faults had been detected in the
equipment used and that the
two torque wrenches used had
been checked a few days earlier. Consequently the conclusion
was drawn that the loosening
of the bolts observed following
the transport was not due to a
failure to follow the instructions
for tightening the impact limiter
bolts issued by the packaging
designer. Similar conclusions
were drawn by the consignor
sites in the events on 13 February
2014 and 18 June 2015.
As regards the consequences
of the event, Areva TN, which
designed the packaging, demonstrated on the basis of mechanics
calculations that three loose bolts
on the same impact limiter could
not cause it to detach from the
packaging body if the package
fell from a height of 9 m on an
unyielding target in accordance
with the requirements of transport
regulations.
The occurrence of these events
prompted EDF and the Areva
group (through its subsidiary Areva NC as recipient and
Areva TN as designer of the packaging involved and as the representative of foreign consignors) to
form a working group to look into
the possibility that tiny imperfections in packaging impact limiters
(e.g. the interface with the packaging body not being completely
smooth, gaps in the centring pins)
or the impact limiter installation
conditions on sites could cause
friction and loss of torque in the
bolts while the packages were
being transported. However,
theoretical calculations and bolt
tightening tests on site did not

produce any firm conclusions
about whether these hypotheses
were correct.
Another hypothesis put forward
within the working group was that
the vibration of the packages during transport could “encourage”
the bolts to come loose. This bolt
“self-loosening” phenomenon
has also been studied by IRSN.
Using the results of theoretical
studies and tests performed
throughout the world for more
than fifty years, it showed that
part of the spectrum of vibrations measured for analysis
purposes during the transport
of heavy packages has characteristics (frequency and
amplitude) that could make
the bolts on the packaging
work loose. The study showed
that increasing the torque of
the bolts was the most effective way of reducing the risk
of this phenomenon occurring. An increase in the torque
should be implemented as from
1 October 2016 at all of EDF’s
NPPs following documentation
updates and the supply of suitable wrenches.
Lessons learned
and action taken
by IRSN
The changes to the bolt tightening instructions defined by
the designer of the packaging
involved in these events and
the training provided by EDF
to support operators in following these instructions have
helped to reduce the number of
events reported in the last four
years. The increase in tightening torque mentioned above
should reduce the occurrence
of this type of event still further.
If appropriate, the phenomenon of the impact limiter
bolts coming loose could also
be the subject of experiments
to optimise the procedures for
tightening the bolts.
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1

Event on 8 April 2015 concerning
non-compliant contents of a
transported package

2
3

This event and other similar events in 2014 and 2015 illustrate
the discovery of “foreign matter” in the cavity of packaging
used for transporting irradiated fuel assemblies.
Background

S

ince 2009, several
events have been
declared to ASN
as a result of the
discovery in the
cavity of packages
used for transporting irradiated
fuel assemblies between EDF’s
various NPPs and the Areva NC
establishment in La Hague, of
objects or materials described
as “foreign matter”. This “foreign
matter” might, for example, be
pieces of cloth, adhesive tape or
the gaskets from the package.
This “foreign matter” is discovered either during visual inspections carried out by Areva NC
when unloading the package, or
during periodic maintenance of
the package.
Because of the risks of this
organic matter decomposing
from the effect of the ionising
radiation (radiolysis) or the heat
generated by the materials being
transported (thermolysis), leading
to the production of flammable

hydrogen gas in the package
cavity during transport, an action
plan was put in place by EDF and
Areva NC in 2011 to prevent the
recurrence of this type of event
(M see IRSN’s previous report
on the safety of transport). This
action plan2 led to a drop in the
number of reported events the
following year, but it did not eliminate them entirely (Figure 3.8).
Description
of the event
On 8 April 2015 a piece of cloth
measuring 15 mm by 5 mm, estimated to weigh less than a gram,
was discovered in the cavity of
a package used for transporting
irradiated fuel assemblies, during
maintenance of the package.
In 2014 and 2015, five similar
events were reported involving
the same type of package. Two
of these events involved the discovery in the package cavity of
a gasket from one of the package closures and the other three
involved the discovery of other

On 8 April 2015 a piece of
cloth measuring 15 mm by
5 mm, estimated to weigh less
than a gram, was discovered
in the cavity of a package used
for transporting irradiated
fuel assemblies, during
maintenance of the package.

2. The action plan consisted in particular of enhanced
“cleanliness” checks to be carried out by the consignor
on the cavities of packages before loading, on work
areas and on the tools used for loading the irradiated
fuel assemblies in the package. In parallel, the designer
of the package concerned has changed the geometry
of the gasket groove of some package components to
prevent them from being sucked into the cavity when it is
depressurised before transport.

Figure 3.8

Variation in the number of discoveries
of “foreign matter” in irradiated fuel
packages in the 2009-2015 period
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Events involving the
presence in the systems
of EDF’s nuclear reactors,
or in fuel assemblies
from these reactors, of
loose parts, which may be
similar to those found in
package cavities, have been
reported to ASN.

Figure 3.9

Loading an
irradiated fuel
assembly into a
transport package
underwater

types of organic materials (adhesive tape, chips of paint, a piece
of plastic and a piece of cloth).
Analysis of the causes
of the events and
corrective action
In the case of the event on
8 April 2015, the previous maintenance3 of the package had been
carried out in November 2013,
i.e. after the consignor had implemented the action plan aimed
at ensuring the “cleanliness” of
package cavities. Because this
event was considered by the
operator to be “safety-relevant”,
no analysis of it was sent to ASN4.
So the causes are not known.

3. Frequency of maintenance varies
depending on the package
component. For example, the gaskets
used to seal the package are replaced
every 15 shipments or every three years,
whichever comes first.
4. Only an estimate was produced of the
amount of flammable gas that could have
been released into the package cavity
through the radiolysis and thermolysis of
the “foreign matter”. This concluded that
the amount of gas that could have posed
an ignition risk was not reached for the
shipments transported in that package since
November 2013.
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In the other five events, the previous package maintenance had
been carried out before the 2011
action plan was implemented; in
the case where gaskets were discovered in the package cavity, the
previous maintenance had been
carried out before the systematic replacement of the package
closure gasket grooves. So this
foreign matter could have fallen
or been sucked into the cavity
before the reinforced checks
were fully effective.

Lessons learned
In IRSN’s view, the drop in the
number of events related to
the discovery of foreign matter in irradiated fuel transport
packages confirms that the
actions taken from 2011 by
the consignor and the package designer were appropriate. However, the occurrence
of one event after the action
had been taken indicates that
this issue should continue to
receive particular attention
from the parties concerned.
At power reactor sites, because
of the intensity of the radiation emitted by irradiated fuel
assemblies, the assemblies are
loaded into the package underwater (Figure 3.9). The operator responsible for handling the
assemblies works at a remote
control station.
Checks of the cleanliness of the
area used for loading the package
and of the cavity can therefore
only be carried out using submerged cameras, which cannot
always detect very small objects
such as those found in the package cavities during the events
described.
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Moreover, events involving the
presence in the systems of
EDF’s nuclear reactors, or in fuel
assemblies from these reactors,
of loose parts, which may be
similar to those found in package cavities, have been reported
to ASN (M see the IRSN report on
safety and radiation protection at
nuclear power plants in France in
2014). The actions proposed by
EDF since 2008 as part of the
FME (Foreign Material Exclusion)
programme, such as incorporating into working practices measures aimed at reducing the risk
of introducing foreign matter
into reactor systems, installing
grilles and using acoustic monitoring systems to help with the
detection of metal objects, have
reduced the number of reported
events. Further action was also
proposed by EDF in 2015 to reinforce the FME approach.

1

In addition, maintenance
carried out in the coming
years on these packages
should ascertain whether the
systematic replacement of
the package closure gasket
grooves is effective.

2
3

IRSN considers that the measures described above help to
improve the “cleanliness”
of irradiated fuel transport
packages.

©EDF/DR

Loose parts

What are known as loose parts
in power reactors?
Loose parts are items of different types and shapes that are
accidentally introduced into the systems of a power reactor
during maintenance or operation (metal shavings, filings,
adhesive tape, screws, washers, spanners, screwdrivers, etc. –
Figure 3.10), during the handling of fuel assemblies, as a result
of equipment failures leading to the breakage or detachment of
parts or due to human negligence (items being left behind or
dropped).

Figure 3.10

Photographs of loose
parts found under the
debris filter of fuel
assemblies

FOR MORE INFORMATION

see the article on page 24
M IRSN’s Position on Safety and Radiation Protection at Nuclear Power Plants
in France in 2012
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Glossary
A

C

E

Accident or incident

Containment

Enrichment

Containment system

Equivalent dose rate

Any unforeseen event occurring
during normal operation that may
have consequences for security,
safety, public health, nature and the
environment; the potential or real
consequences of an accident are
greater than those of an incident

Activity

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

System designed to prevent or limit
the spread of radioactive materials
outside the packaging

Contamination

European Agreement concerning the
international carriage of Dangerous
goods by inland waterways

Presence of radioactive substances
on the surface or inside any environment. For humans, contamination
may be external (on the skin) or
internal (by inhalation or ingestion)

ADR

Criticality

ADN

European Agreement concerning the
international carriage of Dangerous
goods by Road. The ADR contains
several directives concerning the
packaging, stowage, and identification of dangerous goods and their
transport by road

Applicant

Entity seeking to obtain approval of
a package design from the the ASN,
France's Nuclear Safety Authority

B
Basic nuclear installation

Installation subject to the law of
13 June 2006 (TSN Law) and order
of 7 February 2012 due to its nature,
or the quantity or activity of the
radioactive substances contained
therein. These facilities must be
authorised by decree taken after
public enquiry and assessment by
ASN. Their design, construction,
operation (both when running and
shut down) and dismantling are
regulated

Becquerel (Bq)

Unit of radioactivity, 1 Bq = 1 disintegration per second. The unit is very
small and measurements often use
a multiple of the Bq, the megabecquerel (MBq), which equals 106 Bq or
1 million Bq.
The Bq replaced the curie (Ci) which
is the activity of 1 gramme of radium,
1 Ci equals 3.7 x 1010 disintegrations
per second, or 37 billion Bq
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Keeping radioactive substances inside
a defined space using a set of measures to prevent them from spreading
in unacceptable quantities beyond the
space; by extension, the set of measures taken to ensure this state

State of an environment in which a
nuclear chain reaction is kept at a
constant level

Criticality accident

Uncontrolled nuclear chain reaction in
an initially sub-critical environment

D
Dangerous materials

Any materials that may present a
serious danger for humans, property
or the environment, due to its physical or chemical properties, or by the
nature of the reactions that it is likely
to cause. It may be flammable, toxic,
explosive, corrosive or radioactive.
Dangerous materials are specified
in the list of dangerous materials in
transport regulations or, if they are
not included in this list, are classified in compliance with international
regulations

Defence-in-depth

Safety principle which consists of
implementing several successive
and sufficiently independent levels
of defence to prevent degradation of
safety functions of facilities, or packages, and equipment, as well as the
limitation of consequences in case
these functions become degraded

Dose rate

Radiation intensity (energy absorbed
by matter per unit of mass and time). It
is measured in grays per second (Gy/s)

Process in which the fissile isotopes
of an element are increased. It results
in the separation of the product in
two parts, which are respectively
enriched and depleted in the isotope
concerned
Rate of quantity of absorbed dose
weighted for biological effects by
various quality factors depending on
radiation. It is usually expressed in
millisieverts per hour (mSv/h)

Event relevant to safety

Deviation reported by a plant operator (or a shipper) and which does not
meet the criteria of ASN, the French
Nuclear Safety Authority

Exposure

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

F
Fissile

A nuclide is said to be fissile if its
nucleus is likely to undergo fission
from neutrons with any level of energy

Fissile material

Substance composed of radionuclides capable of fission

Fission products

Fragments of heavy nuclei produced
by nuclear fission or the subsequent
radioactive decay of elements formed
by this process. Fission products are
the result of the fission of uranium
and plutonium atoms (caesium,
strontium, iodine, xenon, etc.). Mostly
radioactive, they transform by themselves into other elements. Those
that do not disintegrate rapidly constitute part of radioactive waste

Fission

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

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

Fuel cycle

All industrial operations undergone by
nuclear fuel

G
Gray

This unit can be used to measure the
amount of radiation absorbed by an
organism or an object exposed to
radiation (symbol: Gy). A gray
corresponds to an absorbed dose
of 1J/kg of matter. Examples:
dental X-ray: 0.2 mGy, chest X-ray:
1 mGy, radiotherapy session: 2 Gy

H
Human and organisational
factors

Factors that influence human performance, such as competences, work
environment, task characteristics and
organisation

I
Internal transport operation

Transport of dangerous goods within
the perimeter of a basic nuclear
installation outside the buildings and
storage areas or any operation that
contributes to its safety including those
inside buildings and storage areas

International Nuclear Event
Scale (INES)

The International Nuclear Event Scale
is intended to help the media and
general public understand the severity of nuclear incidents and accidents
from a safety standpoint. It defines
eight levels of severity (from 0 to 7)
based on the consequences of the
event

Ionising radiation

Electromagnetic waves (gamma) or
particles (alpha and beta particles,
neutrons) emitted during the disintegration of radionuclides, which
produce ions when passing through
matter

Irradiation

Exposition, intentional or accidental,
of an organism, substance or body to
ionising radiation

Isotopes

Elements whose atoms have the
same number of electrons and protons, but a different number of neutrons. They have the same name and
chemical properties but the nuclear
properties (including likelihood of fission or radioactivity) may be different

M
Maintenance

Set of actions taken to maintain or
restore equipment to a specified state
or one that is capable of ensuring a
specified service

Moderator

Material likely to slow down neutrons
produced by nuclear fission

MOX

Mixture of uranium and plutonium
oxides used in fabricating certain
types of nuclear fuel

N
Neutron

O
Orange Book

Document containing United Nations
recommendations for the transport
of dangerous goods which constitute
the basic requirements for safe shipment of dangerous goods by road,
railway, inland waterway, sea or air,
and serve as a basis for legal instruments that regulate the shipment of
these goods by various modes of
transport

Order on the transport of
dangerous goods (“TMD” order)
Law specifying requirements applicable for national and international
shipment of dangerous goods by
road, railway, and inland waterway in
France. These rules may supplement
those in the ADR, RID and ADN and
specify conditions for application

P
Package

The complete assembly consisting of
the radioactive materials being transported and the packaging containing
them

Packaging

Electrically neutral fundamental
particle which, with protons, makes
up the nucleus of an atom. When a
neutron is in free particle state at high
speed, its collision with certain atomic
nuclei causes the fission of the nuclei.
The heat emitted during this reaction
is used in nuclear reactors

Assembly of components necessary
to safely contain radioactive materials
during transport. The packaging may
include various specific materials
intended to absorb radiation
and ensure thermal insulation,
service equipment, shock resistant
structures, and systems for handling
and stowage

Nuclear fuel

Plant operator

Fissile material (capable of undergoing a fission reaction) used in a
reactor for initiating a nuclear chain
reaction. After use in a nuclear reactor, it is referred to as irradiated or
spent fuel

Nuclear safety

All technical provisions and organisational measures relating to the
design, construction, operation,
shutdown and decommissioning of
nuclear facilities and to the transport
of radioactive materials intended
to prevent accidents and limit their
effects

Physical or legal person operating a
basic nuclear installation

Plutonium

Transuranic chemical element with
atomic number 94 and symbol Pu;
isotope 239 has a radioactive half-life
of 24,110 years

R
Radiation meter

Device for detecting and measuring
radiation emitted by radioactive substances. There are various models for
measuring certain radiation in particular, and provide absorbed dose, dose
rate, equivalent dose rate, etc.
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Radioactive decay

Natural decrease in nuclear activity
of a radioactive substance through
spontaneous disintegrations

Radioactive half-life

Time required for the quantity of
atoms of a radioactive element to
decrease by half

Radioactive materials

Unit used to measure the biological
effects produced by ionising radiation
on an exposed organism (depending
on its nature and exposed organs)
also known as equivalent dose.
Since this unit is very large, a submultiple of the Sv, the millisievert (mSv),
which equals 10-3 Sv or one thousandth of a sievert is often used

Substances containing naturallyoccurring or man-made radionuclides
whose activity or concentration justifies radiological monitoring

Significant event

Radioactive source

Specific activity

Substance containing one or more
radionuclides whose activity or concentration cannot be overlooked from
the standpoint of radiation protection

Radioactive waste

Refers to radioactive substances for
which no further use is planned or
considered

Radioactivity

Property of certain chemical elements
whose nuclei spontaneously disintegrate to form other elements while
emitting ionising radiation

Radioelement

Natural or artificial radioactive
element

Radiolysis

Decomposition of matter as a result
of ionising radiation

Radionuclide

Radioactive isotope of an element.

Reprocessing

All operations involved in extracting
fissile and fertile materials (uranium
and plutonium) from spent fuel for
reuse and for conditioning various
categories of waste in a form compatible with disposal

RID

Regulations concerning the
International carriage of Dangerous
goods by rail

S
Safety analysis

All technical reviews that evaluate, in
accordance with the risk assessment,
measures for ensuring nuclear safety
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Sievert (Sv)

Deviation with special significance
according to the criteria of ASN, the
French Nuclear Safety Authority
Activity per unit of mass of a radioactive substance (expressed in becquerels per gramme – Bq/g)

Spent fuel

Nuclear fuel that has been irradiated
in the core of a reactor from which it
is permanently removed

T
Thermolysis

Decomposition of matter by heat

Transport Index (TI)

Number designating highest radiation
intensity (dose rate), in mSv per hour
(mSv/h), that can be measured at a
distance of 1 metre from the outside
surfaces of the package. The resulting value is multiplied by 100 and
rounded to the nearest whole number
(e.g., if the dose rate at 1 metre is
0.012 mSv/h, TI = 1). The number
appears on package labels

TRANSSC

TRANsport Safety Standards
Committee (IAEA body responsible
for safety standards for the transport
of radioactive materials)

Transuranic elements

Group of chemical elements heavier
than uranium (atomic number 92); the
main transuranium elements are neptunium (93), plutonium (94), americium (95), and curium (96)

U
Uranium

Chemical element with atomic number 92, symbol U and three naturally
occurring isotopes: uranium-234,

uranium-235, and uranium-238.
Uranium-235 is the only naturally
occurring fissile nuclide, which is why
it is used as a source of energy

Uranium hexafluoride (UF6)

Chemical compound of uranium used
in the uranium isotope enrichment
step during fabrication of nuclear fuel
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