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At a time when nuclear energy is once again in its 
rightful place in the electricity mix to face climate and 
energy sovereignty challenges, excellence in the areas of 
nuclear safety, industrial safety and radiation protection 
is now more than ever an imperative for all nuclear 
facility operators. 

For Orano, these 2021 results are satisfactory. 

The number of significant events declared to nuclear 
safety authorities or included in operating feedback 
is lower than in previous years. This positive result is 
indicative of our improved performance. However, the 
proportion of these events involving operational control 
of radiation protection remains excessive. We must 
therefore be even more rigorous individually in carrying 
out our daily tasks. We must also collectively strengthen 
our radiation protection culture. In this regard, I’d like 
to highlight the ambitious project, launched in early 
2022, to modernize radiation protection disciplines, e.g., 
by facilitating the operation of inaccessible facilities 
using remote-controlled arms and by ensuring radiation 
protection without specific inspection rounds. This 
subject is significant for these decisive disciplines in the 
operation of nuclear facilities. 

In the collective process that led us to formulate our 
purpose, nuclear safety and radiation protection are 
among our fundamental values and we must uphold the 
best standards to put them into practice. Operationally, we 

have set shared objectives for the year to make progress 
in key areas, relying on a proportionate approach. In 
addition to the radiation protection mentioned above, we 
can still make progress in controlling handling operations 
and continue our actions to strengthen our oversight of 
subcontracted activities. 

I am also satisfied with our ongoing work to improve 
our performance in the feedback and sharing of 
operating experience. We must learn even more from 
our shortcomings to prevent an event in one facility 
from occurring in another facility or at another site. Once 
the root causes of events are identified, sharing them at 
the right level of the operational line and incorporating 
their lessons over the long term are further areas for 
improvement. 

Beyond these technical actions identified in our various 
action plans, I know I can count on everyone within 
Orano to re-commit to these priorities and to promote 
and implement them in practice on a daily basis in the 
field. 

I thus encourage you to read this annual report of the 
General Inspectorate, which makes it possible to measure 
the progress made and identify the improvement areas 
we must continue to work on. 

MESSAGE FROM THE CEO 

Philippe Knoche

« By capitalizing on the 
lessons learned through 
management of the COVID 
crisis, Orano has continued to 
operate its nuclear facilities 
with good control of nuclear 
safety, environmental 
protection and radiation 
protection ».
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Key results 

1  In 2021, in the areas of nuclear safety and radiation 
protection, 125 significant events were declared by 

Orano, or Orano was responsible for their cause. Six of them 
were declared at level 1 of the INES (International Nuclear 
Event Scale) and 119 at level 0.

No events at or above level 2 were declared. 

These figures have decreased relative to the three previous 
years thanks to a significant drop in events related to a 
failure in control over the management of periodic tests and 
inspections and over events involving a one-time release 
into the environment. However, the number of significant 
of events involving radiation protection remains high, with a 
slight increase compared to last year. A cross-cutting analysis 
of these events is presented on page 32 of this report.

The result of these figures is an event prevention rate1 (or IPR) 
that is below 0.1, at its lowest in the past 5 years.

The most significant events, which had no significant 
consequences for the personnel, the environment and the 
safety of facilities, concern:
	in the area of criticality risk prevention: 

-  the movement of a bottle of pellets of material, without 
traceability in the recording system,

-  an error in the make-up of a waste package leading to 
the mass of authorized fissile material being exceeded,

	in the area of material confinement:
- vent of a road tanker carrying uranium-bearing 

materials not properly closed,
- deterioration of an equipment item during a chemical 

scrubbing test,
- outside France, a road accident involving a truck 

transporting radioactive material,
	in the area of radiation protection,

- contamination of an employee, resulting in a committed 
dose higher than one quarter of the regulatory annual 
individual dose limit,

VISION OF THE INSPECTOR GENERAL 

Pascal Wilz

T his annual report of the General 
Inspectorate deals with industrial risk 
prevention and presents the status of 

control of nuclear safety, industrial safety and 
radiation protection for 2021 within the scope of 
Orano’s activities and facilities. 

1 Ratio of the number of events of 1 or higher on the INES scale over the number of level-0 events. 

Based on a review of key 
indicators, an analysis of 
reported events, the lessons 
learned from inspections, 
and various observations, 
it is clear that 2021 was 
satisfactory in terms of 
nuclear safety, industrial 
safety, and radiation 
protection. Improvement 
is still needed for some 
indicators. Ambitious action 
plans are being implemented 
to improve performance in 
these fields. 
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- crossing of marking during preparation of a radiographic 
test.

In the area of operating feedback and sharing, 2021 saw 
the in-depth analysis of the performance of the operating 
feedback process. This noteworthy collective project brought 
together the central level of the group, the BUs, and the sites 
and made it possible to identify areas for improvement in 
terms of organization, process, activities, and tools. These 
actions were already launched at the end of 2021 and will 
continue in 2022 and 2023.

In the area of industrial risks, a feedback process for 
these events and a monitoring indicator comparable to the 
indicators implemented for nuclear safety are now in place. 
In 2021, the focus was on identifying and recording them, 
leading to a significant increase in these events, making 2021 
a reference year.

The results are as follows: 251 level-0 events, 75 level-1 
events, 27 level-2 events, and 1 level-3 event on the 
ASSESS scale, leading to an industrial risk prevention rate 
(or IPR RI) of 0.11.

The most significant events concern:
	fires without major consequences or losses,
	confinement of chemical substances at several sites,
	releases of nitrogen oxide at one site.

This work of identifying and analyzing events related to 
safety give us a better overview of the control of industrial 
risks at the group level. Based on the model of action for 
nuclear safety, the systematic and detailed analysis of the 
most significant events may enable better identifying root 
causes and preventing their recurrence. 

In terms of operating feedback and sharing, it thus appears 
advantageous to bring together the processes and tools 
involved in various areas (nuclear safety, environmental 
protection, radiation protection and occupational safety) to 
improve overall performance in controlling industrial risks. 

2  Dosimetric results are satisfactory, with low levels for 
group employees and employees of external companies. 

While the French annual limit is 20 millisieverts (mSv) for 
category A personnel, average doses were 0.9 mSv and 
0.7 mSv for employees and external workers respectively. 

At the end of the reference period, no employee had received 
a dose above 14 mSv, the internal alert criterion for the group. 
This result is an improvement compared to last year. 

3  The radiological impacts on the environment of the 
sites remain at very low radiological levels: less than 

13 microsieverts per year (for a regulatory limit of 1,000 
microsieverts or 1 millisievert for members of the public). 

4  In 2021, 26 inspections or assessments and 27 follow-up 
inspections were carried out. These inspections led 

to 86 recommendations and as many action plans to be 
implemented by the inspected entities. This result should 
be considered relative to the 95 recommendations that are 
confirmed to be resolved. 

The inspection program as defined in 2020 was carried out 
with the exception of missions planned in North America, 
due to pandemic travel restrictions. We paid particular 
attention to acquiring a cross-cutting view of conformity-
aging processes, control of industrial safety issues, and to 
assessing the performance of the revamped regulatory watch 
process. The conclusions of the conducted inspections are 
described on page 12. 

Joint inspections with CEA (French Atomic Energy and 
Alternative Energy Commission) were carried out in the 
facilities where CEA is the nuclear operator and Orano the 
industrial operator. This regular practice for several years 
provides a complete overview of nuclear safety control in a 
facility. It also promotes the exchange of best practices and 
information on nuclear safety issues by both nuclear operators. 

Processing recommendations within a controlled timeframe 
had been identified as an area for improvement in the reports for 
previous years. The collective effort to compensate for liabilities 
enabled confirming the positive trend observed since 2019. 
We paid particular attention to complying with timeframes for 
responding to recommendations and conducting action plans, 
but also to processing the oldest recommendations. 

To streamline and simplify exchange between the General 
Inspectorate and the inspected entities, monitoring 
recommendations is now based on a digital tool. 

Control of nuclear safety 
issues

PERIODIC INSPECTIONS AND TESTS
The control of periodic inspections and tests had been 
identified in 2020 as a point to pay attention to due to the 

 General inspectorates of CEA and Orano – Orano Tricastin 
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high number of significant events declared. The situation has 
improved in terms of the number of events declared in 2021. 
This is the result of the implementation of specific action 
plans by the various sites, some of which were based on the 
observations of the General Inspectorate. These action plans 
were summarized in the 2020 report. We must continue to 
work on this area.

FIRE RISK

While there were no significant fire events, operators must 
continue to constantly control this risk at all levels.

The observations of the independent nuclear safety 
organization (General Inspectorate and first-level 
inspections) are still bringing to light too many deviations 
in the implementation of operational provisions, which are 
the foundation of prevention. This specifically concerns the 
storage of combustible materials, the drafting of fire permits, 
post-worksite patrol rounds, inhibition of fire alarm detections 
and return to service, and the closure of electrical cabinets. In 
certain cases, it is apparent that awareness-raising efforts 
have had no effect.

The General Inspectorate will continue to pay close attention 
to controlling this risk to check the proper application of these 
operational provisions.

SUBCONTRACTOR CONTROL

The subcontracting of safety important activities requires 
the operator to be able to control all assigned tasks with a 
high level of confidence and to ensure their surveillance by 
qualified personnel working directly in the field.

The observations of the independent nuclear safety 
organization have shown that the INB Order2, which defines 
the applicable requirements, is properly incorporated in the 
processes and procedures and implemented heterogeneously.

We must continue to pay particular attention to the application 
of these requirements in purchasing processes, particularly 
by performing checks to detect deviations. Surveillance in the 
field must continue to check for proper application of nuclear 
safety requirements.

Management of surveillance of subcontracted activities is 
a key component in this area. In this regard, 2021 saw the 
creation of an e-learning training module on surveillance 
basics. This training module has been available since the end 
of 2021 and will be deployed in 2022. The coming year will 
see a campaign to assess the skills of surveillance managers 
and an overhaul to improve training sessions on surveillance 
tools.

In addition, it should be noted that a guide will be drafted 
that makes it possible to identify, for each phase of a 
subcontracting project, the best practices from studies 
performed at the sites and from various sources outside 
the group. This guide and the applicable standards will be 
released in 2022.

HANDLING

Handling is a sensitive activity relative to nuclear safety 
but also to industrial safety and occupational safety. It thus 
concerns all facilities and activities of the group. 

The operational safety requires complying with the applicable 
rules. The sites have responded to this issue by deploying 
large-scale initiatives to ensure its control. 

However, the observations of the independent nuclear safety 
organization have identified areas for improvement in the 
field, notably:
	the presence and identification of foremen, when called for 

by the situation,
	the absence of personnel in areas where the handled load 

presents a danger,
	the prevention of load drops during the operation,
	complying with the lifting heights indicated in the 

procedures,
	wearing personal protective equipment,
	providing operators with applicable operating procedures.

In light of these issues, handling is a priority for action at the 
group level in 2022.

OPERATIONAL DOCUMENTATION

Operational documentation has been highlighted in the 
General Inspectorate reports for several years, but the 
projects initiated on various platforms in 2019 and 2020 did 
not enable identifying short-term improvement possibilities. 
This issue is made particularly complex by the fact that the 
facilities are unique and have differences in terms of operating 
modes and generations.

To give new impetus to this subject, important for controlling 
nuclear safety in operation, senior management has decided 
to conduct a methodological study based on Operational 

2	 French	Order	of	February	7,	2012,	setting	the	general	rules	concerning	basic	nuclear	facilities	(modified).	

 Lifting height during a handling operation - Malvési 
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Excellence tools. This study, performed in 2021, must be 
prolonged to take into account the initial objective of reducing 
the number of significant events caused by operational 
documentation. In addition, to be accessible, the scope will 
have to be adjusted according to the issues, for both the 
entities and the activities involved. Furthermore, the operating 
feedback from the work-intensive documentary review, 
initiated by the La Hague site as part of the change in its 
organization (described on page 10), will have to be taken 
into account. This work will continue in 2022.

Implementing the Nuclear 
Safety-Environment policy

The Nuclear Safety-Environment 
policy, which is an integral part of 
the group’s CSR approach, covers 
all interests protected by French 
Law, namely nuclear safety, 
environmental protection and 
crisis management. It also takes 
industrial risks into consideration. 

It includes 21 priority actions, 
11 for nuclear safety and 10 for 
the environment. Its operational 
application and its effectiveness 
will be monitored through the inclusion of its priorities in 
the master plans of concerned entities, through an annual 
implementation plan and through a set of indicators to be 
periodically presented to the executive committee (3 times a 
year to the Safety ExCo).

For the first year that the policy was implemented, more than 
90% of the actions decided upon were carried out during that 
period. These results are satisfactory. Concerning the process, 
it nonetheless seems necessary to anticipate the deployment 
plan so that it can be taken into account within an acceptable 
timeframe in the master plans. 

INDEPENDENT NUCLEAR SAFETY 
ORGANIZATION

Strengthening the independent nuclear safety organization 
(FIS) was recommended in the peer review of Senior 
Management and its support functions for La Hague activities. 
This review was conducted at the end of 2017 by WANO.

We have continued with the actions initiated in 2019. The 
inspection unit introduced under the responsibility of the 
Deputy Director of La Hague implemented its inspection 
program. Regular exchange with the General Inspectorate 
and cross-participation of the inspectors optimized inspection 
activities. 

The systematic transmission to the General Inspectorate of 
results of first-level inspections of the Mélox, Tricastin and La 

Hague sites allows for a more complete internal evaluation 
of the level of nuclear safety of the sites, while also making 
inspections more accurate and guiding the inspection 
program. Some of these observations are included in this 
report.

In 2021, the Decommissioning & Services BU strengthened 
its internal inspection capacity by performing audits of the 
control of the main nuclear safety issues within its scope. The 
implementation of this organization should be highlighted.

The 2022 program of the General Inspectorate calls for a 
cycle of verifications of nuclear safety management. This will 
involve checking the application at the sites of the internal 
procedure defining the principles of the independent nuclear 
safety organization.

SAFETY CULTURE

Maintaining a strong safety culture is an important and 
permanent part of the nuclear safety-environment policy. 
To this end, two flagship initiatives have been deployed: 
an awareness-raising module for all employees and self-
assessment campaigns per entity at the level of the workshop 
or team.

In 2019, we identified the need to develop an awareness-
raising module in an e-learning format for all employees. 
The deployment of this module, available since the end of 
2019, has continued. By the end of 2021, more than 9,000 
employees of the group had completed this module (or more 
than 70% in the scope of activities in France).

In parallel, we continued with the self-assessment campaigns, 
using a new tool that provides a global overview, relying on 
revised questionnaire taking into 
account the work of GIFEN3 on 
this subject. We also drew on the 
WANO baseline.

In the past year, nearly 3,400 
group employees, within 8 entities, 
carried out this self-assessment. 
While each entity is responsible for 
implementing a pragmatic action 
plan to improve its performance, 
a cross-cutting analysis of the 
results makes it possible to identify 
two common characteristics for all 
entities: “identifying and solving problems” and “operational 
procedures.” Continuing to incorporate results at the beginning 
of 2022 will enable strengthening this initial trend and defining 
cross-cutting improvement actions at the group level.

MAINTAINING SKILLS

In 2021, we continued with actions to develop skills, an 
important strategic driver in guiding and supporting the 
group’s development and in controlling nuclear safety and 
radiation protection. These actions are organized around 
subject matter specialists at the group, BU and site levels.

3 GIFEN: Association of French nuclear industry groups. 
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The annual skills review process (or RAC) is now well 
established. In 2021, for the first time, it incorporated 
industrial risks in the scope of nuclear safety-environment 
disciplines. It provides an accurate map of these disciplines 
with a medium-term outlook and makes it possible to specify 
the necessary actions to control their criticality. The population 
corresponding to these disciplines, which includes nearly 500 
employees, is characterized by a significant influx of young 
engineers. 

The plan to strengthen the nuclear sector, though it represents 
a real opportunity, is no less a risk factor in terms of the 
capacity to train a sufficient number of engineers in these 
fields and to maintain sufficient attractiveness.

The Safety Excellence training plan was globally deployed: 
8 sessions (in-person and remote) made it possible to train 
nearly 80 employees. While the satisfaction of participants 
has increased, it seems useful now that this training has 
matured to make some adjustments to further enhance the 
efficiency of this program.

CONTROLLING THE REGULATORY 
BASELINE

Updating the group’s internal nuclear safety baseline, in 
application of regulations, remains a significant challenge 
requiring significant mobilization of a large number of experts 
centrally and at the sites.

The nuclear safety methodological committee (or COMET) 
makes it possible to have internal safety methodologies 
that are shared and developed with support from the sites 
and the engineering teams. The deliverables consist mainly 
of methodological data sheets and guides. Details of the 
most important publications of the year are provided below. 
This committee also functions as a preferred structure for 
specialists in operational entities, engineering specialists 
and corporate specialists to exchange information on these 
technical and methodological subjects.

The main texts released during the past year, not including 
the documents produced by the sites, represent a workload 
that remains very significant in this nuclear safety field:
	updating internal guides related to periodic reviews, 

nuclear safety probabilistic analyses, and activities and 
equipment important for the protection of interests (AIP/
EIP),

	creating a guide on fire risks, and 
	publishing thematic data sheets for specific external 

hazards (tornado, rain, etc.). Each data sheet refers to 

the applicable regulations, the associated definitions and 
physical phenomena, a comparison of hazard levels, and 
actions to take in various timeframes.

In addition to what has been described above, it is worth 
underlining the important work done internally to annotate 
international draft texts (from the IAEA in particular) 
concerning fuel cycle facilities and transportation, which will 
have an impact on national regulations at a later date. 

PERIODIC REVIEWS

In 2021, a new cycle started for industrializing reviews 
that is focused on improving processes and on economic 
performance.

The activities of the group’s advisor cluster continued with 
the following objectives:
	provide operational assistance to operators and engineers 

in the application of the guides updated in October,
	lead the creation or improvement of subprocesses 

associated with the global process of developing reviews,
	share the methodological development needs arising from 

operating feedback on examinations, notably through the 
cluster’s participation in COMET, and

	capitalize on operating feedback from the reviews by 
promoting information exchange between the various 
sites.

Operational assistance has made it possible to support 
engineering teams on around ten periodic reviews at various 
stages of progress at the three concerned sites. It draws 
on the guides incorporating operating feedback from past 
examinations and the most recent methodological studies. 

These improvements have made it possible to strengthen 
risk control and present new analyses (such as probabilistic 
safety analyses). The content has remained uniform and the 
approaches have remained consistent, as documented in a 
reference guide, updated this year.

Methodological assistance, in relation with COMET’s actions, 
was focused on continuing to improve the processes:
	the data collection process, via the use of digital tools, 

redefined the methods for accessing and archiving 
data; in the medium term, it will enable industrializing 
the development of the reports necessary for preparing 
review files,

	the process for examining continuous conformity, using 
methods tested at the La Hague site, which is being 
deployed on other sites, where significant performance 
gains are expected.

In addition, a series of training sessions intended for a broad 
audience took place at the sites. A digital version, focused 
on awareness of the process and the issues around periodic 
reviews, was deployed.

Finally, benchmarks between the group’s various entities 
on technical and organizational subjects made it possible 
to simplify decision-making with regard to the operating 
feedback obtained.
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TAKING ACCOUNT OF HOF 
IN ORGANIZATION CHANGES
Continuing to incorporate human and organizational factors 
(HOF) in technical and organizational changes is one of the 
priorities for action in the policy.

In 2021, several technical and organizational changes were 
thus the subject of a HOF study to analyze the impacts of the 
changes on the nuclear safety of facilities and to define the 
provisions to guide and support these changes.

It was possible to conduct all these analyses upstream 
of the change. Facts were collected through individual 
interviews and observations of real situations or role-plays. 
Recommendations were jointly developed with the concerned 
actors. 

The cross-cutting improvement areas identified in these 
studies mainly concern: 
	conducting change projects: with two focus points, namely 

the management of transition phases, and communication 
and support around the change, 

	managing resources and skills: these changes have an 
impact on the routines, operational rules and knowledge 
of the teams. They thus imply sufficient time to build 
skill levels and a suitable organization for managing the 
transition, 

	defining roles and responsibilities: the changes lead to 
scope adjustments for the actors, new interfaces, new 
information circuits, etc. In this context, it is necessary 
to clarify and document each person’s roles and 
responsibilities, notably for actors involved in risk control 
processes, and

	the choice of support tools for future activities; when 
a change in tools and support documentation for the 
activities is planned in the project, specific analyses are to 
be conducted to specify needs so that these components 
are suitable for the needs and uses of the teams. 

 First page of e-learning training module 



10

STATUS OF SAFETY IN NUCLEAR FACILITIES 

At all its sites, Orano has continued with the modernization of 
its industrial facilities and is implementing the necessary organizational 
changes to deal with future challenges. 

 TRICASTIN SITE 

AMC2 PROJECT

The licensing process for a new cylinder 
maintenance workshop called AMC2 
continued in 2021, with the public 
inquiry held from December 10, 2021, 
to January 12, 2022. This workshop, 
whose commissioning is planned for 
2024, has been designed to meet the 
latest nuclear safety standards, making 
it possible to reduce the environmental 
footprint. Located as close as possible 
to the plants, it will optimize the cylinder 
flows on the industrial platform.

FLEUR PROJECT4

The licensing process for creating the 
extension to storage facilities reached 
an important milestone at the beginning 
of 2021. A favorable opinion without 
reservations was issued by the public 
inquiry committee and sent to the prefects 
of the Drôme and Vaucluse regions. French 
Decree No. 2022-391 of March 18, 2022, 
authorized the creation of this facility.

DISCIPLINE AND TRADE 
SCHOOL

Launched in 2021, the discipline and 
trade school includes 19 skills worksites 

and training worksites. Aimed at ensuring 
the maintenance and development of 
skills specific to the Tricastin site, the 
school strengthens training programs, 
such as peer training and training for 
specific operations, by training directly in 
the field on best actions and practices, all 
while enabling their harmonization at the 
site level, such as in waste management 
fields and for dressing.

 MALVÉSI SITE 

UO2 PROJECT
A significant milestone was reached 
in July 2021 with the introduction of 
calcining and reduction furnaces in the 
process building. The installation of this 
equipment advanced so that testing 
could begin.

 BESSINES-SUR- 
 GARTEMPE SITE 

On April 9, 2021, the new building of 
CIME (center for innovation in extractive 
metallurgy), whose construction started 
in September 2019, was accepted. This 
facility develops customized industrial 
solutions for the recovery of radioactive 
and non-radioactive materials. It has 

a surface area of 8,300 m² and a 
pilot hall measuring 1,000 m², along 
with numerous laboratories equipped 
with some one hundred confinement 
components such fume cupboards, 
hoods and exhaust trunks. 

This building complies with nuclear safety 
and radiation protection requirements 
with the implementation of numerous 
systems for air handling and confinement 
systems in high-risk rooms.

 LA HAGUE SITE 

CONVERGENCE PROJECT
The CONVERGENCE project, initiated in 
2020 and decisive for the site, led to the 
following concrete results:
	a building for support functions was 

constructed,
	a centralized control room was 

created that will bring together in 
one place control of the facilities of 
the UP 2-800 and UP 3 plants with 
innovative control tools,

	a revamped maintenance organization 
to meet the challenges of conducting 
maintenance.

One of the challenges of this project is 
an exhaustive review of nearly 12,000 
documents liable to be impacted by this 
reorganization. 

4 FLEUR: Providing local recycled uranium storage 

2021 
HIGHLIGHTS 

 FLEUR project - Tricastin 
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This review, initiated at the end of 2021, 
is a real project in itself. It has three 
phases: updating documents that will 
be impacted by the new organization, 
updating documents impacted by shared 
operation of workshops and, finally, 
updating computer applications and their 
support materials.

This documentary update will also be 
used to reduce the volume of applicable 
documents by reviewing them to remove 
obsolete documents (procedures and 
operating procedures “validated” in 
the baseline but obsolete in the field, 
redundant documents, support materials 
with low added value, etc.).

FISSION PRODUCT 
CONCENTRATION 
EVAPORATORS

The project to upgrade the evaporators, 
or the NCPF project, continued with the 
end of installation and the start of tests. 
To perform tests with water on the first 
evaporator without disturbing the facility 
in operation, a temporary control room 
was commissioned in October 2021. 

The six evaporators of the plant are 
subject to enhanced monitoring, notably 
during scheduled operating outages. 
This involves performing pressure tests 
to check their mechanical resistance, 
along with thickness measurements 
using ultrasound and visual inspection of 
the equipment. 

For each of the evaporators, a shutdown 
criterion was defined that corresponds to 
reaching a minimum thickness level. 

The measurements taken in July 2021 on 
one of the 3 evaporators of a workshop 
in the UP-3 plant showed that this 
criterion had been reached and led to the 
shutdown on the evaporator. In parallel, 
wear on a pipe connected to another 
evaporator in the same workshop led to 
its shutdown and repair.

TREATMENT OF ECE CASKS
The treatment of ECE (underwater hull 
storage) casks, which began in the hull 
compacting workshop (or ACC) in 2002, 
when it was commissioned, came to end 
in June 2021. A total of over 3,800 casks 
have been treated. 

FUEL TREATMENT
By the decision CODEP-DRC-2021-
035371of July 30, 2021, Orano received 
authorization to process “damaged UOX 
fuel assemblies” and by decision CODEP-
DRC-2021-035286 of July 30, 2021, the 
authorization to process a specific quiver 
from Fessenheim, allowing the transfer 
of all the fuels from this plant following 
its shutdown.

 MÉLOX SITE 

CRISIS MANAGEMENT 
COMMAND CENTER
This facility is the final step in a program 
to build crisis management facilities 
designed to resist the most severe 
hazards. Site work continued in 2021 

and will be completed in 2022, with 
commissioning set for June 2023 at the 
latest. 

 COMINAK SITE 
 (NIGER) 

On Monday, April 26, 2021, the last drum 
was closed and presented to employees. 
This marked the end of 43 years of 
production at the COMINAK mine, after 
more than 75,000 metric tons of uranium 
had been packaged in drums. 

 CASKS 

FIRST TRANSPORTATION 
OPERATION USING TN®LAB
TN®Lab is a cask model specifically 
designed for international laboratories. 
It was specifically developed for 
transporting samples of irradiated 
materials and sources for research and 
is aimed at reducing transportation 
times for long distances by using air 
transportation.

The first operational transportation 
operation was carried out at the end of 
2021 between two laboratories abroad.

Nicknamed the “flying pig,” this cask 
meets two criteria: sufficiently thick 
radiological protection for transporting 
radioactive materials and sufficiently low 
mass for transportation by plane.

 CIME (center for innovation in extractive metallurgy) - Process - Bessines-sur-Gartempe  COMINAK - Closure of the last drum 
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The General Inspectorate conducted 
26 inspections or evaluations, supplemented 
by 27 follow-up inspections, indicative of 
the effort made to process recommendations 
on time. 

Observations

Aligned with previous years, the 
inspection program was structured 
around four main objectives: 
	maintaining a high level of control 

over nuclear and conventional safety 
during changes to organizations, 
and over the capacity of existing 
organizations to deal with unplanned 
situations,

	the level of control over safety 
functions (fire, radiation protection, 
confinement of radioactive 
substances, criticality and removal 
of residual power),

	daily management of nuclear and 
conventional safety through a 
rigorous application of operating 
processes and operating procedures, 
and 

	compliance with the requirements of 
safety authorities around surveillance 
and supervision of activities. 

Overall, 26 thematic inspections and 
observations were performed along 
with 27 follow-up inspections relating 
to recommendations.

In total these inspections resulted in 
86 recommendations and as many 
action plans issued by the inspected 
entities. This can be compared to the 
95 recommendations whose close-out 
was checked.

REACTIVE INSPECTION

A joint inspection was conducted by 
the General Inspectorates of CEA and 
Orano following a level 1 event (INES 
scale), the result of an error in the 
preparation of a package which led to 
exceeding the fissile material mass.

This occurred at the alpha waste 
conditioning and storage facility 
(IECDA) at Marcoule. This facility, used 
by CEA, is operated by Orano.

LESSONS 
LEARNED FROM INSPECTIONS 

 Conformity-aging inspection - La Hague 
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This inspection took place several 
weeks after the event. It made it possible 
to check that the cause analysis was 
complete to prevent recurrence and 
that provisions were implemented so 
that operational activities could resume.

The finding was that feedback of 
information from the operating 
manager to the CEA facility manager 
was delayed, at a time of high workload. 

The cause analysis confirmed and 
dated the error in the drum to be 
processed, but the initiating cause was 
not identified. The analysis highlighted 
that the inspection processes in place 
were unable to detect this error. 

The immediate and medium-term 
actions deployed are appropriate. 
They aim to revise the operational 
documentation and ensure consistency 
with the General Operating Rules, 
to bring the facility into conformity 
and operate it in compliance with its 
baseline, to strengthen surveillance 
actions, and to continue strengthening 
the nuclear safety culture of the 
operating teams, the commitment of 
managers.

ORGANIZATIONAL 
CHANGES AND 
MANAGEMENT OF 
SPECIFIC SITUATIONS 

 Project management

An inspection was performed on 
managing safety and environmental 
requirements in projects conducted at 
the Malvési site. It showed that following 
recent changes in the organization 
of the Chemistry-Enrichment BU, the 
organization, missions and applicable 
processes in the department in 
charge of projects at the site must 
be clarified. For the project to modify 
the hydrofluorination workshop, 
the management of requirements 
that Orano Projets is in charge of is 
satisfactory. The management of other 
requirements must be further improved 
to ensure they are taken into account in 
an exhaustive manner and that proof of 
their implementation is provided. 

 Impact of changes to 
group organization - 
La Hague 

The internal inspection entity of the La 
Hague site and the General Inspectorate 
conducted a joint inspection of the 
organizational provisions applied as 
part of the group’s organizational 
changes, in effect since January 1, 
2021. The inspection found that the 
commitments and requirements related 
to the organizational changes have 
been properly taken into account and 
that the organization is operational. 
However, special care must be taken 
with the performance of the inventory 
prior to renewal of the contract between 
two different legal entities of the group, 
one serving as a subcontractor for the 
other. The link between the AIP/EIP 
defined requirements and the activities 
assigned to the subcontracting entity 
must be specified. The document on 
deputization must also be updated 
once the possibility of incorporating 

individuals from different legal entities 
has been checked. 

MAJOR RISKS 
ASSOCIATED WITH 
SAFETY FUNCTIONS 

 Radiation protection

At the La Hague site, the situation 
involving radiological protection of the 
personnel is satisfactory and controlled. 
The analyses of personnel exposure 
at workstations and during operations 
have been conducted, the optimization 
of exposure levels in keeping with the 
ALARA principle is applied in practice, 
and dosimetric results are satisfactory. 
However, application of the provisions 
of the French Labor Code concerning 
access to classified rooms in red areas 
must be improved to justify their 
exceptional nature and to control the 
authorizations given to personnel of 
external companies. In addition, at 
one of the inspected facilities, the 
radiological situation of a room in 
which two incidents of contamination 
occurred must be improved. Finally, 
points for improvement were identified 
at a dismantling worksite; these points 
could be deployed for other activities of 
the same type. 

 Controlling the fire risk

An inspection concerning control of the 
fire risk was conducted at the Marcoule 
site with CEA’s General Nuclear 
Inspectorate. It involved the support 
functions of the center and two facilities, 
of which the operation is assigned by 
CEA to an Orano facility manager. These 
two facilities are currently undergoing 
permanent shutdown of operations; 
renovation work and preparatory work 
for dismantling are being performed. 
The fire risk appears to be controlled. 
The various actors have the means 
to carry out their assigned tasks. The 
prevention and surveillance actions 
are efficient, efforts have been made 

 CEA/Orano reactive inspection – 
Cadarache 
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to decrease the fire load density, the 
automatic detection systems have been 
extended, and the planned exercises 
have been conducted. However, the 
first response team acting in case of a 
fire must be strengthened by increasing 
the number of Orano employees trained 
to use fire extinguishers. 

 Controlling service 
providers

At La Hague, the inspection highlighted 
the progress made in controlling 
service providers since 2019. The 
INB Order is taken into account in the 
various processes and procedures 
associated with this subject, but in 
a heterogeneous way according to 
the services. Compliance with the 
Purchasing AIP must be improved. 
Surveillance plans have been defined 
and completed by trained personnel. 
However, surveillance actions must 
be more focused on the defined 
requirements and associated technical 
inspections. Finally, the specifications 
for the multi-technical maintenance 
contract for the Conditioning and 
Upstream Operational Units awarded 
to a short-term joint venture must 
be revised for compliance with the 
technical specification model.

OPERATION 
MANAGEMENT OF 
NUCLEAR AND 
CONVENTIONAL SAFETY 

 Occupational safety and 
industrial safety

Production at the COMINAK mining 
site (Niger) has been shut down since 
the end of the first quarter of 2021. The 
Inspectorate checked the industrial risk 
management process, its compliance 
with regulations and internal directives, 
and its application. This highlighted the 
desire and commitment of the teams 
to move forward with remediation 
operations at the site. However, it is 
necessary to appropriately apply the 
industrial safety management standard 
to control the site’s residual challenges 
and identify the industrial risks in the 
various phases of the site’s remediation. 
The organizational documentation 
must be consistent with changes at the 
site. An assessment of the conformity 

of handling and lifting equipment and 
accessories must be carried out.

At the SOMAÏR mining site (Niger), 
the management of risks and hazards 
related to occupational safety is 
satisfactory; the health, safety and 
radiation protection plans of the Mining 
BU are applied in the field, and the 
risks are identified and controlled. 
However, control of the conformity of 
handling and lifting equipment must be 
improved. An action plan for the control 
of industrial safety is being deployed 
until 2023; it requires responding in a 
more suitable way to the challenges at 
the site.

At the KATCO site (Kazakhstan), 
the HSE management system is 
defined clearly and in detail; the 
safety requirements are identified and 
deployed. The workstations are tidy and 
the tidiness of the plants is satisfactory. 
Action plans are implemented 
and suitable for the site’s current 
challenges. However, the management 
of liquid chemical products must 
be improved. The condition of the 
drilling rigs and the surveillance of the 
drilling teams must also be improved. 
The sampling methods for the 
environmental monitoring piezometers 
should be reviewed to ensure the 
representativeness of the sample taken, 
and to avoid internal contamination 
of operators as well as pollution in the 
sample and the environment.

The Beaumont Research Center, close 
to the La Hague plant, makes it possible 
to develop and test technical solutions 
for processing fuel. The commitment 
and motivation of the personnel at this 
facility facilitates developing a robust 
safety culture. However, the interfaces 
between this facility and the other 
Projects BU entities must be clarified, 
notably concerning the responsibility 
of the employer, with the delegations 
updated accordingly. Operating 
authorizations and certifications must 
be established for the use of equipment 
and the lockouts of the facilities. The 
access rules for confined spaces must 
be reviewed and a regular round to 
check fire load density must be set up, 
particularly at the end of the week.

 Inspection of leak detection - KATCO

 Beaumont Research Center - La Hague
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The inspection carried at the TEMIS 
Chusclan site supplements that 
conducted in 2020 at the Valognes, 
Beaumont-La Hague and Saint-
Sauveur-Le-Vicomte sites, for which 
the conclusions were presented in the 
2020 report. The HSE management 
system is defined. The requirements are 
understood, analyzed and applied in the 
workshops. The improvement points 
identified during the inspection were 
rapidly corrected and did not lead to 
issuing any recommendations.

The two inspections on the subjects 
of safety, radiation protection and 
operational discipline conducted 
within the Orano teams working at 
the Paluel and Belleville-sur-Loire EDF 
sites showed that improving results 
in the area of safety and radiation 
protection is a clearly established 
priority. The methodological support 
of HSE teams is supplemented by the 
commitment of operational managers 
and their presence in the field. The 
workers are familiar with the main 
risks associated with their activities. 
Improvement actions were set up 
based on operating feedback. The 
identified improvement points concern 
defining HSE missions, organizing 
regulatory watch, strengthening risk 
analyses prior to operations as well as 
taking operating feedback into account 
and disseminating it. For the Paluel 

site, attention must also be paid to 
controlling worker skills, and for the 
Belleville-sur-Loire site, to ensuring the 
safety of lifting and handling operations. 

 Waste management 
pending a suitable 
disposal solution

The inspection conducted at Tricastin 
on waste awaiting a disposal solution 
shows that the organization set up 
makes it possible to ensure that actions 
stemming from commitments to the 
authorities are properly carried out. The 
monitoring in project mode performed 
by the Waste Orientation Committee is 
a strong point. However, the orientation 
matrix for waste without a disposal 
solution, the project manager’s control 
tool, must be validated by the concerned 
facility managers and its consistency 
with reality checked by internal 
inspections. The management of drums 
containing potassium diuranate (KDU) 
and unburnt uranium-bearing products 
of fluorination (IUF) appears to be 
satisfactory in the current state of the 
storage locations. Operating feedback 
from the various incidents led to 
positive changes in the storage facilities 
and their management. However, 
the age and condition of some drums 
require measures to be taken prior to any 
transfers within the facilities.

At Malvési, waste awaiting a disposal 
solution is identified and listed, except 
for one area for which an inventory is 
planned. The strategy for each type 
of waste awaiting a disposal solution 
is defined. A file to request ANDRA 
approval is in progress for electronic 
waste and the creation of the ECRIN, 
PERLE and CERS storage facilities is 
underway, as well as the construction 
of units for reducing waste volumes or 
making them acceptable in the existing 
ANDRA disposal solutions. 

The conditions for identifying and 
collecting waste awaiting a disposal 
solution in industrial buildings in 
operation or being dismantled are 
defined; however, the procedures for 
waste management must better specify 
the rules for managing waste awaiting 
a disposal solution. The inspection 
conducted also established the current 
situation regarding the conditions for 
resuming operations to characterize 
legacy drums and specified, in terms of 
occupational safety, the prerequisites 
for resuming these operations. 

 Managing chemical 
products

The inspection conducted at 
Tricastin brought to light a significant 
improvement in the management 
of chemical products since the last 
inspections conducted on this subject. 
The acceptance process for chemical 
products takes into account the 
regulations in force. The safety data 
sheets are up to date and available. 
The rules and responses in case of an 
incident are established and known. 
Visits to INBs 93, 138 and 176 made it 

 Service activities at the Paluel site (EDF) 

 Inspection of legacy waste - Tricastin 



16

possible to establish that management 
of chemical products is satisfactory. 
However, the process must be 
completed to ensure control of the 
recommendations issued by the experts 
during the phase of product acceptance, 
and to ensure compliance with the 
regulations concerning technical 
inspections of ambient conditions 
for the products that are the most 
hazardous for human health. Finally, the 
response plans must be homogeneous 
and updated. 

 Managing periodic tests 
and inspections

Further to the inspections conducted 
in 2020 on this subject, the inspection 
related to Orano’s activities in Marcoule 
(CEA site) showed that improvement 
actions had been set up in response to 
the observed deviations. A diagnostic 
was established based on the following: 
an in-depth analysis of the deviations 
and the organization, an internal 
audit. The action plan is regularly 
monitored. While a large proportion 
of the actions is completed, a review 
of the system should be carried out to 
ensure its robustness and measure the 
effectiveness of the deployed actions. 

 Maintenance operations 
and works

At Tricastin, the organization and 
practices for managing maintenance 
operations and works enable them 
to be carried out in conditions 
compliant with health, safety and 
environment requirements. The safety 
of the works, and the organization 
and means to be implemented, are 
defined in the General Safety Rules 
and are based on a computer-assisted 
maintenance management tool that 
appears to be efficient. The level of 
operational deployment is satisfactory. 
It is uniformly implemented by the 
maintenance department, covering the 
entire site. The works are organized via 
the Bureaus of Works and Lockouts 
and their organization is adapted 
to the organizational constraints of 
the facilities, with a level of control 
that remains variable. The operating 
feedback on the operation of these 
various bureaus has been initiated 
and should be extended. In addition, 
the rules for managing the inhibition 

of automatic fire detection should be 
systematically reviewed when fire 
permits are issued.

The inspection at Mélox shows that 
the organization and practices for 
the maintenance operations and 
works are correctly defined relative 
to HSE issues. The organizational 
modifications initiated in 2020 are 
ongoing, based on creating a Methods 
Department and setting up a Works 
Bureau. They have led to significant 
improvement in the preparation and 
execution of maintenance operations 
and works at the technical level and 
in terms of HSE. The preparation 
of maintenance operations and the 
various visual management systems 
that cover safety, surveillance and the 
processing of identified deviations play 
a role in controlling worksites. However, 
objectives concerning dosimetry for 
workers and operating feedback from 
worksites with the highest doses must 
be developed.

SPECIFIC SUPERVISION 
AND SURVEILLANCE 

 Waste recovery and 
conditioning (RCD)

Since 2015, the scope and specific 
objectives of the annual inspections 
on this subject have been determined 
based on project progress, the 
requirements and requests of ASN 
(French Nuclear Safety Authority) and 
the observations made during previous 
inspections.

This inspection fits within this framework. 
It also aimed to respond to a commitment 
made following an ASN request after 
an inspection of the project to handle 
waste with low grain size (DFG), in 
October 2019. 

The 2021 inspection shows the progress 
made in improving the robustness of the 
control of RCD projects. The strategy 
document for RCD programs was 
updated in March 2021 and presents, 
for each priority 1 and 2 project, the 
binding and ensured milestones over 
a period of five years. This strategy, the 
result of significant cooperation with 
ASN, is associated with strengthening 
control methods and schedule monitoring 
methods. It should soon lead to the 
revision of the 2014 RCD decision, 
which specifies the dates of recovery 
and conditioning of old waste stored in 
the site’s INBs. However, configuration 
management must be improved and 
shared to define responsibilities and align 
all the project’s stakeholders. A standard 
on the periodic verification of basic data 
and the control of RCD projects must 
be set up to keep them up to date and 
relevant throughout the life of the projects.

For the DFG Project, the project owner 
must conduct a detailed safety review 
to check the application of safety 
requirements and establish the list of 
supporting documents expected from 
the suppliers. The application of the 
“RCD schedule progress inspection” 
defined requirement must be continued 
for all priority 1 and 2 projects, and the 
technical inspections associated with 
this requirement must be specified.

 Silo 130 - La Hague
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 Preparing for and 
managing emergency 
situations

The ASN decision no. 2017-DC-0592 
on preparing and managing emergency 
situations supplements the INB Order 
for the requirements associated with 
crisis management. The inspection 
conducted at La Hague completed the 
cycle of inspections conducted at the 
other sites in 2020. It showed that this 
decision was deployed with methods 
and initiated the necessary actions to 
be compliant. The observed deviations 
notably concern the following: the 
control of equipment identified for 
handling emergency situations as 
part of the Supplementary Safety 
Assessments, the validation of the 
capacity to evacuate the site in case 
of extreme hazards, the qualification 
of crisis team members, and the 
management of agreements with 
external organizations or departments. 

 Conformity-aging

The conformity of facilities with 
their sizing and operating baseline 
represents the first level of defense in 
depth with regard to nuclear safety. 
It must be ensured throughout the 
facility’s lifetime. The group’s main 
requirements in this area were broken 
down in a directive. The inspections at 
the La Hague, Mélox and Tricastin sites 
aimed to inventory practices, identify 
the gaps and deviations between the 
various platforms, and highlight and 
promote best practices.

The main objectives set forth in 
the directive are the definition and 
implementation of a continuous 
verification process making it possible 
to control the facility’s conformity at 
any time. This process must also make 
it possible to establish the conformity 
assessment required every ten years as 
part of the periodic reviews. Continuous 
control of a facility’s conformity is based 
on preparing and updating a verification 
strategy that must be adapted to the 
significance of the risks inherent in each 
EIP and to their aging kinetics.

Initially associated with the INB periodic 
reviews, conformity-aging examinations 
are now conducted at the La Hague site 
as part of a strategy involving continuous 

control of conformity and aging. Set up 
in 2020 for INB No. 116, the approach 
is currently being deployed for INBs 
No. 117 and No. 118. A streamlined 
strategy, aimed at being proportionate 
to the issues, has been applied for 
INBs undergoing final shutdown/D&D; 
however, it still needs to be formalized. 
At the Tricastin site, a work group was 
set up at the beginning of 2021 that 
must define a strategy, process and 
plan for deployment across all INBs and 
ICPEs, whether they are in operation or 
undergoing dismantling. INB No. 168, 
for which the periodic review file is 
being prepared at the inspection time, 
will serve as a pilot facility. The Mélox 
site must continue with defining the 
strategy and principles of continuous 
control of the conformity of its facilities.

The process of checking conformity 
is a component of the nuclear safety 
management system. The sites must 
define and put in place an organization 
in charge of controlling the process 
and identifying the skills and expertise 
necessary for performing conformity-
aging examinations. At the La Hague 
site, a dedicated team has been formed. 
For all sites, the internal and external 
interfaces of the organization set up 
must be further specified, notably 
with the structure ensuring the control 
of facility design. In addition, it may 
be necessary to make use of specific 
expert skills or work with accredited 
external inspection organizations.

The main steps of the conformity-
aging approach are defined. The 
rules for selecting control EIPs must 
make it possible to demonstrate their 
representativeness, by giving priority to 
EIPs from the highest tiers. Collecting 
basic data is essential for capitalizing 
on design data and data from the 
initial qualification of equipment. 
Operating feedback shows that this 
step, time-consuming and often costly 
for review projects, can be significantly 
optimized by setting up a continuous 
process for checking conformity. 
Examining the conformity of the EIP 
relative to applicable requirements 
requires the breakdown of defined 
requirements into operational criteria 
that can be easily checked in the field. 
Preserving evidence of conformity 
requires structured, rigorous document 
management. The aging assessment 
step involves identifying the postulated 

damage mechanisms for each type 
of EIP and assessing control of these 
mechanisms. Tools are used at La 
Hague such as the guide for choosing 
mechanisms of material degradation 
and the “fault library” describing the 
main defects listed during in situ 
visits. The analysis of the results of 
verification actions may lead to defining 
action plans. Identified deviations 
from the nuclear safety baseline are 
considered case by case and may lead 
to an examination according to the 
deviation management procedures 
in force at the sites. The conformity 
examination may also lead to reducing 
the existing inspection provisions, for 
example as part of periodic inspections. 
In this regard, the transposability of 
the results obtained for a control EIP 
relative to its family and other families 
must be examined.

Analyses of conformity-aging represent 
an activity important for the protection 
of interests (AIP), in application of the 
group’s rules. Its application, involving 
the identification of associated defined 
requirements and the type of technical 
inspections to be carried out, remains 
an area for improvement. 

These inspections made it possible to 
compare the strategies for controlling 
conformity and aging of EIPs and to 
identify best practices and areas for 
improvement. The application of the 
group’s directive will be continued. The 
benchmark activities started with the 
team at the La Hague site and the call 
for skills by reference pole within the 
group must also be maintained.

ASSESSMENT OF THE 
REGULATORY WATCH 
AND COMPLIANCE 
PROCESS
In terms of nuclear safety, compliance 
of the facilities with regulations is 
an essential element of defense in 
depth. In accordance with the Nuclear 
Safety-Environment Policy, control of 
regulatory compliance is primordial for 
ensuring over the long term the best 
level of nuclear safety for the group’s 
facilities, products and services. 

From September 2021 to January 
2022, the General Inspectorate thus 
proceeded with an assessment of 
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the regulatory watch and compliance 
process in HSE fields. This assessment, 
conducted for the scope of central 
functions (corporate and BU) and French 
operational entities and facilities, was 
based on meeting with 74 employees, 
over the course of 20 interviews. 

This assessment led to the following 
main findings. 

The anticipation of regulatory changes 
functions efficiently. Information is 
regularly disseminated in the BUs 
and facilities during HSE network 
meetings conducted by group experts 
(DHSE, DPS2D, BU NPS). The monthly 
newsletter, Nuclear Law and the 
Environment (ADNE), published by the 
Legal Department, and its analysis are 
unanimously appreciated. They are an 
essential source of regulatory watch for 
the interviewed employees. 

Since 2020, the sites control their 
regulatory watch, from the identification 
of texts to the assessment of compliance, 
making use of a new group tool and 
an updated process. The sites have a 
consolidated view of the compliance 
level of their facilities. Resources are 
allocated to this activity. 

However, there are disparities between 
the sites in the application of this 
process and the allocated means. At 
some sites, even though the actors are 
committed to regulatory watch, the 
process objectives are not being met in 
all HSE fields: 
	the notification rate (notification of the 

answers to questionnaires making it 
possible to fill the regulatory baseline 
with the texts) remains low for some 
entities, resulting in a baseline that is 
still incomplete, 

	due to limited resources, some 
sites (particularly the smallest) are 
struggling to compensate for texts 
not initially integrated in the tool and 
the compliance assessments must 
be started over, often without the 
possibility of reference to the history 
which was lost during transfer from 
one tool to another, 

	monitoring of compliance with 
individual ASN decisions and 
group directives cannot always be 
demonstrated, 

	finally, the breakdown of facilities in 
the tool is such that facility managers 
do not systematically have a 

consolidated view of the compliance 
status corresponding to their scope 
of responsibility. 

More generally, this process must be 
continued. It must make it possible 
to concentrate efforts on compliance, 
which remains the primordial objective. 
For facilities subject to periodic reviews, 
it should also make it possible to 
optimize the preparation of documents 
demonstrating compliance. 

The recommendations issued as part of 
the assessment report prepared in 2018, 
when the previously deployed tool 
became obsolete, were partially taken 
into account. Given the observations 
made as part of the assessments 
conducted in 2021, the following 
actions should be taken: 
	continue with strengthening activities 

and control around the watch 
process, to be conducted by the 
central departments, in order to have 
a homogeneous cross-cutting view 
for assessing and applying new texts, 

	allocate resources for local activities 
around regulatory watch and for 
analyzing compliance (regulatory 
watch representatives in the facilities 
and experts capable of analyzing 
compliance), 

	support watch teams by officially 
appointing representatives and 
defining quantitative objectives as 
part of their annual interviews, 

	allocate a sufficient budget for taking 
into account the changes requested 
by the sites, particularly those likely 
to facilitate their watch work and 
encourage their commitment. 

ROLE-PLAY EXERCISE FOR 
FINA AND INTRA GROUP 
EQUIPMENT 
The General Inspectorate observed 
the role-play exercise involving the 
equipment of FINA and the INTRA 
Group which was carried out at the 
end October 2021 at Mélox. This role-
play exercise deployed autonomous 
diversified equipment ranging from 
light-weight drones to heavy public 
works machinery operated remotely. 

The operating feedback highlighted 
the professionalism and commitment 
of the various actors in preparing and 
performing this exercise, which was 
exceptional due to the deployment 
of this heavy equipment. The main 
improvement areas involve training 
and skills maintenance, preparing 
response sheets for improving the 
responsiveness of workers in the field, 
studying the possibility of investigations 
involving chemical characterization 
of INTRA GROUP, in relation to the 
major scenarios at the sites, qualifying 
protective wear, and improving access 
times in controlled areas. 

 FINA deployment exercise - Robot being maneuvered 
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Recommendations 

The inspections conducted in 2021 led to the issuance of 86 
recommendations, a figure comparable to that for the last two 
years. Their detailed breakdown in the following two figures is 
consistent with the inspection subjects. 

Figure 1: Breakdown of recommendations of the GI according 
to field (in %) 

Figure 2: Breakdown of recommendations of the GI 
according to subfield (in %) 

As of January 1, 2022, the in-progress figure is 110 
recommendations. Their breakdown, shown in the following 
two figures, remains the same overall as the breakdown of the 
issued recommendations. 

Figure 3: Breakdown by field of the recommendations to 
be processed as of 01.01.2022 (in %) 

Figure 4: Breakdown by subfield of the recommendations to 
be processed as of 01.01.2022 (in %)



The General Inspectorate conducted, 
between November 2019 and March 2021, 
on the Tricastin, Mélox, and La Hague 
sites, a cycle of inspections covering 
the implementation of the “Emergency” 
resolution. 

GENERAL FRAMEWORK AND CONTEXT 

The “Emergency” resolution supplements the INB order, 
by identifying, in 46 articles, the obligations of operations 
concerning crisis management preparations in terms 
of organization, equipment and coordination with the 
authorities and outside services, exercises and the 
protection of personnel on site. These measures are 
applicable according to a schedule running from January 
1, 2018 to January 1, 2022. Given the health restrictions 
related to the prevention of COVID-19, the inspections 
were carried out from November 2019 to March 2021. 

Thanks to the efforts made by sites, a large part of 
the measures introduced by the resolution have been 
implemented. Some delays were identified requiring 
the continuation of work already undertaken. The most 
salient points by domain of the resolution and the main 
areas for improvement are identified below. 

METHODOLOGY FOR MONITORING 
MEASURES INTRODUCED BY THE 
RESOLUTION 

The application of the resolution was coordinated 
across sites by the group’s HSE department, in particular 
by means of a guide, sharing meetings and the 
implementation of a specific SharePoint. The sites use 
Excel sheets for the monitoring of obligations, which 
are coherent in terms of the target dates for each of 
the articles, but which may be even more rigorous with 
regard to the traceability of elements of proof. 

The compliance analysis is carried out by the site’s 
head of crisis management, with some external support 
depending on the sites. The applicable compliance 
management tool is not used or is not coherent with the 
more operational Excel files. Particular attention will 
have to be paid to verification of compliance beyond 2022, 
according to a strategy which is still to be defined. 

GENERAL PROVISIONS 

The sites have Internal Emergency Plans (Plans 
d’Urgence Interne – PUIs), which are updated on a 
regular basis and meet the obligations arising from the 
resolution. 

The management of lists of agreements with external 
organizations must be improved so that they can be 
identified unambiguously: elimination of multiple lists, 
single system of referencing, identification of agreements 
with personnel from external organizations or services 
performing interventions on site. 

ALERTS AND COORDINATION WITH 
THE AUTHORITIES AND EXTERNAL 
ORGANIZATIONS AND SERVICES 

Alerts and coordination with the authorities and external 
organizations and services are described in the internal 
emergency plans (PUIs) by way of local (prefecture, the 
departmental fire & rescue service [SDIS], hospitals) 
and national (INTRA GROUP, FINA) agreements. The 
content of the agreements must be reviewed periodically 
with regard to the following operational measures: 

20

 Heavy equipment of the INTRA GROUP in action - Mélox - 2021 

An internal view of compliance 
with the ASN “Emergency” resolution
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nuclear safety/occupational safety/radiation protection 
information to be communicated to personnel, protective 
and communication equipment for the personnel 
of external organizations intervening on site. These 
operational measures must be tested more regularly 
during exercises. 

HUMAN RESOURCES 

The sites have lists of crisis team members. They 
have set up adapted training programs, with certain 
of these being “e-learning” programs. However, there 
is still progress to be made on the qualification of 
team members (adapted training programs, regular 
participation in exercises), in particular on large sites. 
The sites for which certain crisis team member positions 
may be held by external workers must at least apply the 
requirements of the resolution in the specifications and 
ensure that they are being complied with by means of 
regular inspections. 

EXERCISES IN IMPLEMENTATION OF THE 
INTERNAL EMERGENCY PLAN 

The sites regularly do exercises and simulations to 
ensure that the organization and equipment in place are 
operational. The participating personnel is monitored to 
ensure compliance with the obligations of the resolution 
in particular in terms of experience in the field. 

The introduction of “checklists” for points of the 
resolution that have to be checked when performing 
exercises would help to contribute to the verification of 
compliance (for example, verification of the adequacy 
of the documentation envisaged by Article 5.2 of the 
resolution). 

PREMISES AND EQUIPMENT 

The sites have equipment to manage emergency 
situations. The necessary documentation is available 
to crisis team members. The lists of equipment are 
formalized. Their exhaustiveness was not verified during 
these inspections. However, certain deviations were 
observed (for example, equipment not present in the 
envisaged location, non-identification of EIP, location of 

equipment not indicated). On certain sites, the equipment 
resulting from Supplementary Safety Assessments is not 
yet fully operational. 

PROTECTION OF EXTERNAL PERSONNEL 
PRESENT ON SITE 

For external organizations or services which may be 
called upon to intervene in the event of an emergency 
situation on site, the sites must continue with the 
definition of the necessary collective and personal 
protective equipment, the deployment of adapted 
means of measurement and of allowing the traceability 
of dosimetric monitoring, as well as the definition of a 
process for their acquisition. 
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STATUS OF SAFETY IN NUCLEAR FACILITIES 

During the course of 2021, 125 
significant events of level 0 or 1 
on the INES scale were declared or 
voluntarily taken into account by Orano 
as experience feedback. These events 
had no significant consequences for the 
personnel, the public, or the environment.

6 level 1 events according to the INES 
scale concerned situations that were 
not compliant with radiation protection 
regulations as well as anomalies 
without safety consequences: 
	concerning criticality:

- movement of a cylinder of pellets 
without respect for traceability in 
the Information system at Mélox,

- an error in the putting together of 
a waste package leading to the 
authorized mass of fissile material 
being exceeded at a facility at 
Marcoule5,

	concerning management of 
containment:
- the dropping of a cask when 

being put into interim storage in a 
specialized unit at Cadarache6,

- an improperly closed vent on a 
radioactive material transport 
tanker at Tricastin,

- deviations during operations to 
disassemble an internal on a 
heat removal system leading to a 
leak detected during reassembly 

operations at an NPP7, 
	concerning radiation protection:

- the contamination of an employee 
resulting in a committed dose 
exceeding a quarter of the 
regulatory annual individual limit 
at La Hague.

119 events were classified as level 
0 on this same scale. These entailed 
deviations had a low impact and were 
characterized by “soft signals”. They 
must be taken into account in the 
continuous progress approach and 
improvement in terms of risk prevention. 
This number confirms the decrease in 
events compared to previous years.

OPERATING FEEDBACK 
FROM EVENTS INVOLVING 
SAFETY AND RADIATION 
PROTECTION 

6 events classified as 
level 1 on the INES 
scale and 119 level 0 
events were declared 
by Orano or involved 
Orano. This figure, 
which is a decrease 
compared to the three 
previous years, is 
concrete evidence of 
the initial effects of the 
actions deployed.

5-6-7 Activities as industrial operator or subcontractor on behalf of the CEA or EDF, a nuclear operator. 

 Sorting of waste in a cell, TRIADE 
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Figure 5: Changes in the number of significant events 
impacting nuclear safety or radiation protection

After a regular increase in the total number of events for the 
past three years, this trend was reversed in 2021 to return to 
a level comparable to 2018. The number of level 1 events has 
remained at comparable level for the past 4 years.

The rate of prevention of these events, or IPR, was 0.05 
at the end of the year. This result remains compliant with the 
objective of 0.1 maximum.

Their breakdown by domain is as follows:

Figure 6: Breakdown by domain of significant events (as a %)

Figure 7: Change, between 2019 and 2021 and by domain8, 
in the number of significant events

Of these 125 events, 67 were for nuclear safety (54%), 33 for 
radiation protection (26%), 14 for transportation (11%), and 
11 for the environment (9%). 

There was a decrease in events related to nuclear safety, 
nuclear transportation and protection of the environment at the 
expense of the figures for radiation protection. The number of 
events concerning radiation protection remains high, including 
one event classified as level 1 on the INES scale. For this 
reason, the management of radiation protection is a subject on 
which vigilance and improvement is required in 2022.

Safety of facilities

Out of these 125 events, 102 significant events of level 
0 and 1 (99 significant events of level 0 and 3 significant 
events of level 1) were declared for Orano facilities or 
facilities operated by Orano; these occur mainly during 
regular operating and maintenance activities.

In order to take events related to periodic inspections and 
tests into account more effectively, these have been grouped 
together in a single section known as “CEP” (Contrôles et 
Essais Périodiques) with support functions, where previously 
these events were accounted for under the different safety 
functions.

Events related to the containment of radiological material 
are on the increase whereas other events relating to safety 
functions (criticality, support functions, cooling) are decreasing.

8	 In	order	to	be	able	to	perform	a	more	refined	analysis,	deviations	in	compliance	in	periodic	inspections	and	tests	were	grouped	together	in	the	“support	function”	
subdomain	of	the	safety	function.	This	has	resulted	in	a	difference	in	the	figures	presented	for	2019	and	2020	in	the	2020	report.	
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STATUS OF SAFETY IN NUCLEAR FACILITIES 

A focus on events relating to the safety of facilities results in 
the following breakdown by safety function:

Figure 8: Breakdown of events by safety function of significant 
events involving Orano facilities or facilities operated by Orano

Figure 9: Change, between 2019 and 2021 and by safety 
function, in the number of significant events for Orano 
facilities or facilities operated by Orano

CONTAINMENT FUNCTION
Of the 31 events related to control over the containment 
of radioactive materials, 14 were mainly due to losses of 
leaktightness in equipment containing radioactive materials 
and 12 of these events led to localized dissemination at 
Tricastin and Mélox, with no environmental impact.

10 events were related to malfunction in room ventilation. 8 of 
these events led to a loss of ventilation at Marcoule and at La 
Hague without any consequences for the facility.

Figure 10: Change between 2019 and 2021 in the number of 
events related to the containment function for Orano facilities 
or facilities operated by Orano

7 of the events related to containment control for radioactive 
materials concerned defects in leaktightness and weaknesses 
such the maximum period of unavailability of an item of 
equipment being exceeded.

CRITICALITY FUNCTION

4 events relating to control over the reactivity of fissile materials 
took place at Tricastin and at Mélox, in particular with 1 event 
classified as level 1 on the INES scale concerning a lack of 
traceability of movement of materials in the IT tool intended 
for this purpose.

SUPPORT FUNCTIONS
Events related to support functions are on the decrease, in 
particular defects in electrical power at the facilities, as well as 
events related to the control of fire risk.

There was a decrease in events related to failures to perform 
periodic inspections and tests within the time periods set out 
by the operating baseline. 7 events out of the 11 related to 
failures to perform periodic inspections and tests took place 
at Tricastin.

 CBF-C1 package for low- and intermediate-level, short-lived waste 
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Figure 11: Change between 2019 and 2021 in the number 
of events related to support functions for Orano facilities or 
facilities operated by Orano

Radiation protection

There are 33 significant events concerning radiation protection: 
32 classified at level 0 and 1 classified at level 1 on the INES 
scale, amounting to 26% of significant events declared (nuclear 
safety, radiation protection, transportation). This number which 
is comparable to that for 2020 remains high.

These events were mainly failures in radiological cleanliness 
and failure to wear dosimeters (between 1 and 3 cases per 
site). 

They show the importance of persevering with primary 
radiation protection prevention, which involves evaluating risk 
control before taking action, to limit employee exposure by 
reducing possible causal factors.

For better cross-functional use of events, feedback, experience 
sharing, events declared in relation to periodic inspections and 
events, nuclear waste, and internal and external transports are 
counted as significant safety events.

The table below provides details of the breakdown of 
significant events declared in 2021 and classified as level 0 on 
the INES scale.

Given the recurrence of these events, the event reports 
underwent an initial specific analysis in terms of HOF, the 
results of which are provided in detail in the insert on pages 
32 and 33.

This analysis highlighted an over-representation of routine 
errors and infringements, in relation to what is observed 
for all events. The routine errors 
are related to the fact that the 
operator’s attention is focused 
on something else (another risk, 
another more complex task).

Given all of these observations, 
the HSE department decided to 
supplement this preliminary work 
with an in-depth work of these 
deviations in order to be able to take 
a decision on corrective measures. 
The results of this analysis are 
expected in 2022.

Typology Details Level 0 SRPEs

Wearing of 
a dosimeter

Radiological 
cleanliness 

Radiological zoning 

Monitoring of 
radiation protection 
of facilities 

Management of 
alarms

Exposure of 
personnel 

Management of 
radiological sources 

Failure to wear or activate an operational dosimeter or a delayed reading dosimeter 10

Breach of static or dynamic containment resulting in a surface or volumetric 
contamination exceeding the limits set by the group 

Contamination status (of a medium) without an event classified as an incident 
“Increase in background noise” without any event detected upstream

6

Non-compliance with rules for entering the orange area or the yellow area or failure 
to mark an area of operation 6

Loss of a measure for the monitoring facilities (continuous measurement radiation 
monitoring alarm, sampling device, etc.) 4

Failure to take a radiation monitoring alarm or a dosimetry alarm (equivalent dose 
rate) into account 3

Internal or external contamination, Irradiation with dosimetric impact exceeding the 
limits set by the regulations or in an internal procedure 2

Loss or absence of a sealed source, loss of integrity of a sealed source or leak from 
a non-sealed source 1
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Transportation 
safety

Of the 14 transportation events declared 
by Orano, 7 concerned entities of Orano 
or their service providers. The 7 others 
were detections by Orano sites of 
defects or contaminations found on 
reception of casks or means of transport 
used by other operators.

A level 1 INES event was declared by 
Tricastin and concerned a defect in the 
leaktightness on a tanker vent closure, 
known as a “symmetrical coupling”. 
Experience was shared between Orano 
sites to identify similar couplings on 
certain items of equipment.

The receipt at Malvési of drums of 
uranium-bearing mining concentrates 
that have been damaged during 
transport decreased in 2021.

These events are analyzed in greater 
detail on page 52 of the report.

Environmental 
protection 

11 events classified as level 0 on 
the INES scale, as well as 22 other 
events (off the INES9 scale, off or on 
the ARIA10 scale) were declared for 
reasons of environmental protection.

14 events concerned isolated and limited 
cases of exceeding of the authorized 
thresholds for releases of effluents.

There was a notable decrease in 
excess fluorine events at the Philippe 
Coste conversion plant at Tricastin in 
2021, due to actions taken to improve 
the performance of purifiers in the 
ventilation systems.

Six other events were mainly due to 
loss of leaktightness in equipment 
containing a cooling fluid. Particular 
attention is being paid to this issue 
by sites which are conducting annual 
analyses of their losses of cooling fluid 
in order to improve their systems. This 
topic is a point which continues to 
require attention.

10 events related to fire risk took place 
mainly at SOMAÏR, at KATCO and at 
Malvési.

10 events related to emanations of SOx 
gas took place chiefly at SOMAÏR which 
has implemented an action plan to 
reduce these emanations. This is a point 
requiring vigilance and improvement in 
2022.

Analysis by site

LA HAGUE
The total number of events has 
remained broadly stable (27 in 2021 
and 25 in 2020) with a slight increase 
in those related to the safety of facilities 
(18 in 2021 and 15 in 2020) and to 
radiation protection (7 in 2021 and 4 in 
2020).

In the domain of safety, half of these 
events are related to defects in 
containment due to inadequacies in 
operational documentation, in the 
analysis of risks or lack of skills.

In the domain of radiation protection, 
causes related to HOFs are 
preponderant. This concerns internal 
contamination of an operator when 
performing maintenance inside glove 
boxes, classified as level 1 on the INES 
scale, and the occurrence of 2 failures in 
radiological cleanliness in light vehicles 
used only internally on site 

TRICASTIN

Events at Tricastin are on the decrease 
in all domains (54 in 2021 and 86 in 
2020).

Almost half of these concern the safety 
of facilities (25 in 2021 and 30 in 2020). 
These events are essentially related 
to the containment of radiological 
material, mainly the dissemination 
of radioactive materials with very 
limited consequences, originating from 
processes of risk analysis and design/
modification of work situations, failures 
to perform periodic inspections and 
tests (CEPs) caused in particular by 
an inadequate definition of roles and 
responsibilities for the execution of 
tasks.

The other events are essentially related 
to radiation protection (half of which are 
failures in radiological cleanliness) and 
protection of the environment (mainly 
exceeding of authorized thresholds for 
releases of radiological and chemical 
effluents).

The site also declared a transportation 
event of level 1 on the INES scale 
concerning a UF4 transport tanker 
with an improperly closed vent, without 
any consequence for the public or the 
environment.

MARCOULE

On this site, Orano has responsibilities 
as an industrial operator on behalf of the 
nuclear operator. Of the 13 events for 
which Orano is the industrial operator 
on the CEA Marcoule site, 11 were 
related to the safety of facilities.

These in particular involved malfunctions 
of cleanup 

ventilation systems due to a fault in 
the balancing of electrical lightning 
conductor systems. The identification of 
this problem should logically lead to this 
type of event being resolved in future.

MÉLOX

There has been a slight increase in the 
number of events (10 in 2021 and 6 
in 2020). These were essentially due 
to degradations in the containment 
of radiological material or deviations 

9	 	Events	that	are	not	related	to	nuclear	safety	or	radiation	protection	cannot	be	classified	on	the	INES	scale.	Furthermore,	they	are	declared	to	the	authorities	
with	the	classification	“off	the	INES	scale.”	

 Use of TRACO tablet for the transhipment of 
 a TN G3 cask, Valognes 

STATUS OF SAFETY IN NUCLEAR FACILITIES  OPERATING FEEDBACK FROM EVENTS INVOLVING 
SAFETY AND RADIATION PROTECTION 



General Inspectorate Annual Report 

2021 Edition 27

in the management of subcriticality of fissile material. These 
originated from the risk analysis conducted prior to an activity, 
the operational documentation and coordination between 
departments.

MALVÉSI
The 2 events at this site, like those last year, concern the 
detection of dissemination of uranium-bearing material inside 
a container on arrival of transport containers with drums of 
uranium-bearing mining concentrates, for which Malvési 
systematically alerted the sender so it can analyze the causes 
of the event and take measures to avoid it in the future. These 
events are thus decreasing steadily (5 in 2020 and 8 in 2019).

Industrial safety

The priority given as a result of events declared in 2020 has 
led to reporting of events concerning industrial safety being 
made a requirement. It is mainly events occurring on industrial 
sites abroad, environmentally regulated facilities (Installations 
Classées Pour l’Environnement – ICPE) in France and 
shipments of hazardous materials that are concerned here.

These events are classified according to a scale of severity 
known as the ASSESS scale10, which is comparable in 
principle to the INES scale and is based on the methodology 
of the ARIA scale (cf. Figure 12).

The number of events declared (according to the process 
described in the insert on page 28) in 2021 amounts to 
289 (251 of level 0 and 1, 27 of level 2 and 1 of level 3). 

This number represents a significant increase, reflecting the 
efforts made sites to report events more systematically:

Figure 13: Change between 2020 and 2021 in the number of 
events relating to industrial risks

This breakdown gives an incident prevention rate for 
industrial risks or IPR IPR/IR of 0.11 at the end of the year. 
This result is above the objective set at a maximum of 0.1. 
However, a downward change in the IPR was observed in 
2021 (after 0.18 en 2020), due to better reporting of events 
at group level.

The 28 most significant events were mainly:
	outbreaks of fire on several sites, and
	emanations of sulfur oxide on a mining site, which has 

deployed an action plan to resolve the issue.

Level of event Accidental release of toxic or 
flammable gas Type of event 

Serious accident Release >20 metric tons Event with an impact on all facilities of the site and 
outside the site 

Significant accident Release < 20 metric tons Event with an impact on one or more facilities on the 
whole site and outside the site 

Accident Release < 2 metric tons Event limited to one facility with an impact outside the 
site 

Significant incident Release < 200 kg Event limited to one facility and without any impact 
outside the site 

Incident Release < 20 kg Incident with a limited impact on one item of equipment

Soft signal Release < 2 kg 

 

Soft signal which should be shared at group level to 
improve prevention 

0

1

3

2

4

5

Figure 12: Principles of the ASSESS scale 

10  ASSESS: Advanced Severity Scale for Events and Soft Signals. 
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An ASSESS standard for the declaration of events 
comparable to that for INES events 
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Assessment of the quality 
of reports

The significant events declared according to the INES scale, as 
well as the events declared as off the scale are covered by a 
detailed report to identify their causes and set up improvement 
actions that are suitable and sustainable to efficiently prevent 
their recurrence.

Performing this analysis contributes to the quality of the report 
to the extent that:
	the description of the event makes it possible to identify all 

the potential causes to analyze,
	the depth of the analysis makes it possible to work back to 

all initial causes,
	the measures taken to cover the causes identified by the 

analysis are sustainable.

This quality is assessed in three areas, in accordance with the 
following principle: assessments A, B, C, and D are attributed 
to the reports with respectively 3, 2, 1, or 0 of these satisfactory 
areas.

Figure 14: Changes over a 3-year period in the distribution of 
the quality of detailed event reports

Overall, the proportion of reports whose quality is ranked A 
continued to fall; by contrast, that of reports ranked B increased 
by an equivalent proportion. The proportion or reports ranked 
D remains very low.

Defects in quality are due to:
	an insufficient analysis of causes, human failures the 

underlying causes of which are not sought (in particular, 
for infringements and the lack of a questioning attitude) or 
potential causes or certain organizational causes concerning 
support for and monitoring of service providers, as well as 
the preparation of activities,

	a lack of permanence of the measures taken, or
	 the lack of preventive actions taken with regard to the 

causes identified by the analysis.

Analyzing events

The analysis of these event reports that the human factor 
played a significant role in the causes. As indicated in the 
following figure, over 80% of events have a human or 
organizational component.

Figure 15: Breakdown of significant events according to 
Causes

Compared to 2020, a decrease in events with only technical 
causes (-7%) is observed, whereas events with mixed causes 
(+2%) and events with only human and organizational causes 
(+2%) have increased.

FOCUS ON THE HUMAN AND 
ORGANIZATIONAL COMPONENT
The analysis of events from a HOF perspective, which is 
presented, covers 97 events (6 of level 1 on the INES scale 
and 91 of level 0).

The breakdown of errors highlights (cf. Figure 16):
	an increase in all types of human error compared to 2020, 

which is explained by a better characterization of errors in 
the reports. This improvement is probably a consequence 
of more systematic use of the internal guide on the 
drafting of detailed reports, which provides help with this 
characterization work,

	confirmation of the preponderance of rule-based errors 
(48% of events), the majority of which are related to 
erroneous representations of the situation,

	nearly 25% of events are related to routine errors. This 
trend is to be monitored, in order to ensure that our 
technical and organizational systems remain tolerant of 
this type of error,

	knowledge-based errors account for 20% of events,
	infringements, the proportion of which has doubled 

compared to 2020, are related in 36% of cases to 
production constraints, short deadlines or planning of 
activities under urgent conditions, while 36% are related to 
lack or unavailability of equipment, and 28% are made to 
economize on physical or cognitive resources (“comfort”).
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Figure 16: Breakdown of human errors as a % of analyzed 
events

In-depth analyses make it possible to identify the causal factors, 
in terms of work situations and the level of the processes and 
the general organization.

 Analysis of causes related to work 
situations

In terms of work situations, four causal factors appear to be 
preponderant (cf. Figure 17):

	Skills: a third of events are due to errors in the skills of 
operators. The contribution of this factor has increased 
sharply compared to 2020 (+15%). Of these events,
- 30% are related to poor knowledge of workshops, 

equipment or tools,
- 27% are related to a lack of knowledge or awareness of 

risks,
- 23% are related to insufficient experience and failure to 

master technical gestures,
- 20% of the events are related to poor knowledge of the 

rules, the requirements and/or the safety baseline.
 Moreover, 45% of the errors involving skills concern outside 

contractors.
	Operational documentation: 24% of events remain related 

to inadequacies of the operational documentation. The 
contribution of this factor has been decreasing for the past 
2 years (-5% in 2020 and -3% in 2021). In particular, less 
errors were observed in the application of changes to the 
reference base in the operational documentation. Moreover, 
making this topic more visible with an A3 is probably 
contributing to this improvement.

	Work environment: 21% of events are related to a 
change in workstation environment that is not adapted to 
the activity: narrowness, absence of visibility, information 
lacking at the workstation. The contribution of this factor 
has remained stable compared to 2020.

	Tools and computer applications: the contribution of this 
factor is becoming stronger, increasing steadily for the past 
4 years. In 2021, 20% of events were related to this factor 
with unavailable tools or information that is hidden / not 
present in the application.

Figure 17: Breakdown of causal factors in work situations 
as a % of analyzed events

 Analysis of causes related to processes 
and organization

When it comes to processes and organization, the preponderant 
factors, even if they are present in various proportions, remain 
the same as in 2020. These are:

Human errors: 
the definitions 
Human errors include human errors, which are 
involuntary, and infringements which are voluntary 
deviations from the defined rules. Three types of errors 
are to be distinguished (in accordance with those 
defined by James Reason11): 
	routine errors: malfunctions during the execution 

of the action that occur for activities with a low 
level of control (automated responses, routines), 

	rule-based errors: malfunctions that occur when 
the situation has known aspects and the brain 
applies rules of the type IF...THEN... The error can 
be linked to the representation of the situation 
(“erroneous” diagnosis), or to the activation of the 
rule (error in the choice of rule to apply or error in 
the application of the rule), 

	knowledge-based errors: dysfunctionalities that 
occur for activities requiring a high level of control, 
based on general knowledge. This level is used 
to deal with totally new situations in which no 
automated response, no known rule applies. 

11	 Reason	J.,	Human	Error,	Cambridge	University	Press,	1990.	
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	the preparation of activities which covers risk analysis 
(29%) and planning (16%) processes. These factors 
are correlated with a lack of clarity in defining roles and 
responsibilities (18%) and a failure to coordinate between 
services and companies (19%),

	the management of service providers with failures to 
provide service providers with support (19%) and, to a lesser 
extent, failures to monitor service providers (10%). Failures 
to provide support (requirements not communicated, first-
time operators left alone in the facility, etc.) are to be linked 
to the topic of service provider “skills”,

	design and change of work situations (16%). The 
contribution of this factor is on the decrease (-10%), 
which means that human and organizational factors are 
being taken into account better in the design of new work 
situations or when making changes to them.

The following figure shows the percentage of significant 
events in which each causal factor is identified. A single 
event may be related to several causal factors in the general 
organization and in processes (coordination between service 
providers, the radiation protection department and the 
operator, failure to provide the service provider with support 
and planning of the operation under urgent conditions, for 
example).

Figure 18: Breakdown of failure factors in work 
situations in the general organization and in processes.

Lessons learned from 
level-1 INES events 

A targeted analysis of the 6 events 
classified as level 1 on the INES scale 
and taken into account as experience 
feedback leads to the following 
findings: 

	A wide variety of activities are concerned by 
these events: handling, transfer of pellets, 
external transportation, change of filters, 
disassembly of a diaphragm and the putting 
together of a package of legacy waste. 

	These events all have HOF causes: HOF and 
technical causes (for 3 of them) and HOF causes 
only for 3 SEs. 

	There is no common factor concerning the 
technical failures which are at the origin of 
these events. 

	These are multi-factor events: they have 
several causes due to failures in terms of the 
work situation and the general organization. 
- In terms of the work situation: 5 SEs are 

related to workstation ergonomics and 
unsuitable or unavailable tools, 5 SEs are 
related to operational documentation 
which is incomplete or incoherent with the 
baseline and 2 SEs are related to problems of 
skills and more specifically failings in safety 
culture or radiation protection. 

- In terms of general organization and 
processes: 3 SEs are related to an error in 
preparation of the operation, 2 SEs are related 
to planning of the operation: operations 
planned in parallel to other interventions or 
in a context of multiple failures and 2 SEs 
are related to a lack of coordination between 
the service provider and the contracting 
party. 

This analysis shows that INES 1 events are a 
reflection of the general trend and it helps to 
identify areas for improvement concerning the 
preparation and the planning of activities and 
coordination between the service provider and 
the contracting party. 

SE:	significant	event	
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Given the importance of radiation 
protection events, a specific analysis was 
conducted of 27 of the 33 significant 
radiation protection events (SRPEs) 
[Événements Significatifs Radioprotection 
– ESR] taken into account as experience 
feedback in 2021. 

These events mainly occur during operating activities 
(18 SRPEs/27), 8 of which occurred on worksites or in 
workshops undergoing dismantling and 5 involved a 
failure to comply with rules for access to areas. 8 SRPEs 
occurred when performing maintenance activities. 

They almost all had human or organizational causes: 
22 SRPEs only had HOF causes, 4 SRPEs had mixed 
causes and one single event had solely technical 
causes. 

The analysis of human failures shows an over-
representation of routine errors and infringements, 
compared to the analysis of the general trend in SEs 
declared by Orano in 2021.The routine errors are related 
to the fact that the operator’s attention is focused on 
something else (another risk, another more complex 
task). The infringements cannot be explained, due to a 
lack of sufficient elements in the reports. 

Figure 19: Breakdown of human errors for SRPEs
(by number of events) 

Main areas for improvement

The results of this analysis of the trends in the events that 
occurred in 2021 make it possible to identify the following 
progress areas:

Concerning skills:
	For internal skills, improve the quality of event analyses to be 

able to identify causal factors related to general organization 
such as mentoring arrangements, the availability of tutors 
or processes to grant authorizations to practice, 

	For external skills: issue and implement the guide of best 
practices for subcontracting.

Concerning the design and preparation of activities:
	Implement best practices concerning the preparation of 

activities (guide issued in 2021),
	Obtain experience feedback from the application of the 

Directive for the taking into account of HOFs in design/
modification projects.

Concerning infringements:
	Conduct a more in-depth analysis of the root causes of 

these infringements.

Because of their interest in terms of HOF analysis and experience 
sharing, two events are detailed staring on page 34 of the report.

Focus on significant 
radiation protection
events 

 Comurhex II plant for the conversion of UF4 into UF6, Pierrelatte, Tricastin 
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The analysis of causal factors in work situations shows 
there to be two main factors:
	Skills (13 SRPEs): a lack of technical knowledge 

(facility, equipment) and a lack of radiation protection 
culture. Gaps in skills are observed at Orano’s service 
provider (6 SRPEs) and at Orano as a service provider 
of EdF (6 SRPEs). One single SRPE concerned internal 
skills. 

	The work environment (10 SRPEs): some of the SRPEs 
are related to the fact that physical access to areas 
is possible despite not having operational dosimetry 
activated. Others are related to a lack of information at 
the workstation. 

Documentation is under-represented in SRPEs compared 
to the analysis of the general trend for the group. This 
is explained by the fact that the SRPEs concern simple 
activities, for which there is not always documentary 
support. This finding is to be connected to the high number 
of errors observed in the implementation of routines. 

Figure 20: Breakdown of failure factors in work situations 
(by number) 

The analysis of causal factors in general organization and 
processes shows there to be three main factors: 
	The preparation of activities (8 SRPEs): there were found 

to be risk analyses, pre-operation checks and pre-job 
briefings that were insufficient or not carried out. 

	Definition of roles and responsibilities (6 SRPEs) and 
a lack of coordination between entities (6 SRPEs): the 
scopes of the different entities are not sufficiently 
precise and information is not circulated properly 
between representatives of operators, the radiation 
protection department and outside contractors. 

	Support for service providers: 5 SRPEs concerning a 
failure to provide service providers with support in 
relation to the preparation of activities. One single 
event concerned the monitoring of service providers. 

Figure 21: Breakdown of failure factors in work situations in 
the general organization and in processes (by number) 

This analysis shows that the SRPEs mostly occur when 
performing simple activities, carried out with a low level 
of attention (routine tasks). The causal factors of SRPEs 
show similarities to the analysis of the general trend 
and that there is a need to work on skills (in particular 
those of service providers), access to regulated areas, 
the preparation of activities and coordination between 
services providers and the contractor. 
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THE FACTS 

Presentation of the facility

The Mélox plant produces nuclear fuel consisting of 
a mix of uranium and plutonium oxides, called MOX. 
Within the plant, the pelleting unit transforms MOX 
powder into pellets with the help of presses inside 
gloveboxes. 

Timeline 

On the morning shift, the malfunction of a pellet quality 
measurement device at workstation A of the rectification 
unit results in the operator having to perform the 
measurement at workstation B. 

Figure 22: Process for the recording of a manual movement 

An instruction sets out the responsibilities, the steps 
involved in the performance of a manual movement of 
nuclear material and the inspections to be carried out. It 
specifies in particular that: 
	the shipping operator and the receiving operator are 

two different persons, 
	the shipping operator must be in possession of the 

Manual Movement Sheet (Fiche de Mouvement 
Manuel – FMM) at all times during the transfer, 

	the steps to be followed during manual transfers of 
material allow the principle of triangulation, as shown 
in the diagram in Figure 22, to be guaranteed. 

Having weighed the cylinder to determine the quantity 
of material to be transferred, the operator informs the 
control room of the results. 

As the supervising technician has never entered a 
manual movement12 of this type in the Production 
Management Information System (Système Informatique 
de Gestion de la Production – SIGP), the replacement shift 
supervisor thus takes responsibility for performing this 
task. He then announces “Cylinder created” in the control 
room. This information is heard by the supervising 
technician and the operator (via the interphone), the 
latter considering that the transfer operation is being 
taken care of by the control room. 

At this point, the operator and the technician believe 
that the manual movement has been carried out by the 
replacement for the Shift Supervisor while the latter 
thinks that the movement is going to be initiated by 
the technician: the operator proceeds with the physical 
transfer of the cylinder to workstation B, without this 
manual movement being recorded in the Production 
Management Information System (SIGP). 

The lack of traceability of movement of materials in the 
Production Management Information System (SIGP) is 
detected by the Shift Supervisor upon changeover of 
shifts, when questions are raised as to the location of the 
transferred pellets. 

After detection, the movements of material are blocked 
at the 2 workstations in application of the procedures. 
A check to ensure that the monitoring threshold for 
workstation B has not been exceeded is performed 
without highlighting the anomaly in the material 
accounting. 

CONSEQUENCES 

This event did not have any consequences for the 
personnel, the environment or the facility. It was 
classified as level 1 on the INES scale. 

12	Manual	movement	consists	of	manually	carrying	out	the	operations	of	the	weighing	(upon	shipment	and	receipt)	and	transfer	of	cylinders,	as	well	
as	entering	that	they	have	been	performed	in	the	Production	Management	Information	System	(SIGP).	
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Movement of a cylinder of nuclear fuel pellets 
without traceability in the production 
management system 
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ANALYSIS OF TECHNICAL CAUSES 

There was no technical cause of the failure to comply with 
the instructions for manual movements of nuclear material. 

ANALYSIS IN TERMS OF HUMAN AND 
ORGANIZATIONAL FACTORS 

The human and organizational factors (HOF) contributing 
to this event are as follows: 

Routine-based error: the operator in the process control 
room does not ensure the traceability of the movement 
as he is focused on equipment malfunctions, on resolving 
technical difficulties and not on the transfer of the 
cylinder. 

Rule-based error: the transfer is not recorded in the 
Production Management Information System (SIGP) as 
everyone thinks someone else is performing the action. 

Workstation ergonomics and tools: 
	the Production Management Information System 

(SIGP) workstation does not have easy access to the 
measurement workstation and is not equipped with a 
printer; 

	the instruction requiring the shipping operator to be in 
possession of the Manual Movement Sheet (FMM) at 
all times is not displayed. 

Operational documentation: the standard for replacement 
of the shift supervisor is incomplete. 

Definition of roles and responsibilities: the role and the 
responsibilities of the Shift Supervisor’s replacement are 
not sufficiently clear. 

Preparation of the operation: this unusual transfer was 
not prepared for in such a way as to allow the difficulties 
that it posed to be identified and everyone’s actions to be 
defined. 

Management of unusual situations: the transfer 
between the two measurement workstations is managed 
as a conventional transfer between two physical 
workstations, whereas it is an unusual transfer as it is 

made within the same unit and in that it is not part of the 
usual flow of pellets for production. No specific measure 
has been taken to clarify the roles and responsibilities in 
this unusual situation. 

Coordination: the transmission of information related 
to operation is incomplete within the team and upon 
changeover of shifts. 

Planning: the unusual operation involving additional 
actions, different to the usual actions performed, 
is planned when the measurement equipment has 
technical defects which monopolize the attention of 
teams in the control room (management of intervention 
by external maintenance contractors). 

LESSONS LEARNED 

	An action plan has been implemented to avoid this 
event recurring. 

	On a technical level, its purpose is to secure the over-
containers during transfers. 

	On the level of HOFs, its main purpose is to clarify and 
formalize the role of the replacement shift supervisor, 
to improve the preparation of activities which are 
not part of the usual production flow and redefine 
the procedures for performing checks of manual 
movements 
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THE FACTS 

Presentation of the facility

Electrical power is supplied to the Orano La Hague plant 
by several high-voltage power lines. In the event of an 
outage, a standalone power plant consisting of high-
power generators replaces this power supply. In the 
event of a further outage affecting these generators, other 
generators ensure this power supply is maintained. 

Timeline 

When preparing for a periodic test to check the operation 
of the load-shedding and power disconnection and 
reconnection system (Remote Shutdown Station – RSS), 
performed together with the monthly test of synchronous 
startup of the generators of the standalone power plant, 
an unwanted disconnection from the site’s 20 kV power 
supply network occurred (part A). 

The voltage shut-off switch of the 20 kV  
network was operated by one of the 
operators when the 20 kV network 
had not yet been configured for this 
test. The operator concerned turned 
a switch, inadvertently leading to the 
disconnection of the network, when 
training another operator to perform the 
tests. 

This switch does not have any integrated 
validation mechanism (the “Turn” action 
activates the function of the switch), 
unlike most of the other buttons on 
the operator control panel (Tableau de 
Conduite de l’Opérateur – TCO), which 
have a “Turn” then “Push” function. 

The operator thus did not grasp the impact of his moving 
of the switch, thinking that he was activating a “Turn 
and Push” button, which immediately resulted in the 
disconnection of the 20 kV network by a simple “Turn” of 
the switch. 

Furthermore, though the switch has a key control system, 
the key was present in the operator control panel (TCO) 
when the test was being prepared, and thus did not allow 
the operation by error of this switch to be avoided. 

The production workshops were then shut down and the 
buildings concerned by disruptions to ventilation were 
evacuated. Once electrical power from the 20 kV network 
had been restored, the facilities concerned were then 
gradually put back into service. 

The momentary loss of electrical power in particular 
resulted in: 
	a lack of negative pressure in the ventilation of a 

workshop, which led to the presence of contamination 
in the rooms (part B), 

	a lack of negative pressure for a limited period in two 
evaporators of a workshop (part C). 

CONSEQUENCES 

This event did not have any consequences for the 
personnel or protection of the environment. It was 
classified as level 0 on the INES scale. 

ANALYSIS OF TECHNICAL 
CAUSES 

There was no technical cause of the 
power disconnection (A) and the lack of 
ventilation (B). 

The measurement of pressure in the 
evaporator is qualified over a narrower 
measurement range than that observed 
in the incident situation (C) thus not 
allowing the Shift Supervisor to have a 
precise overview of the availability of the 
hydraulic seal. 

ANALYSIS IN TERMS OF HUMAN AND 
ORGANIZATIONAL FACTORS 

The main human and organizational factors involved in 
this part of the event are as follows: 

PART A: 
	error of representation: the operator responsible for 

performing the test has an incorrect representation of 
how the switch operates, 

Disruption to a plant’s 20,000 Volt 
power supply network 

 Switch without its key and equipped, 
after the event, with a protective cover
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	lack of knowledge: the operator had never used 
the switch outside of performing periodic tests 
of operation of the Power Disconnection and 
Reconnection System of the 20 kV network, 

	infringement: the permanent presence of the key in 
the lock of the switch constitutes a deviation from the 
proper use of these keys, the role of which is to avoid 
any risk of inadvertent operation other than during 
tests of the synchronous restarting of generators. 

PART B: 
	inappropriate decision: the teams decided to switch 

the operation of the ventilation of the unit over to the 
safety switchboard when this switchover was not 
immediately necessary. 

	error of representation: the teams focused on the 
malfunction of a bypass valve and did not call the 
makeup of emergency air into question. 

	lack of knowledge: poor knowledge of certain 
degraded modes of operation of the ventilation. 

PART C: 
	inadequacy of documentation: the reflex sheet 

associated with the resumption of the process after 
recovery of the electrical power supply requires taking 
action on other units before restarting the coolant 
loops. In fact, prioritizing this restart would have made 
it possible to limit the duration of overpressure. 

	error of representation: thinking that the hydraulic 
seal is still functional, the Shift Supervisor calls 
the operation of the negative pressurization of the 
evaporator into question and sends an operator to the 
room to check its operation. When correct operation is 
confirmed, he re-assesses his diagnosis. 

LESSONS LEARNED

In addition to the action plan deployed to avoid this event 
from recurring, the main lessons learned from this event 
are as follows: 
	the operating teams must be better trained in the 

conduct to adopt in the event of a loss of the site’s 
power supply sources, 

	the system for the management of ”authority” keys for 
the facilities must be clearly described and monitored 
on a regular basis. 

 The electrical substation for the used fuel processing plant - 
 La Hague 
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STATUS OF SAFETY IN NUCLEAR FACILITIES 

This wide diversity of activities generates 
significant variability of the induced 
radiological risks and potentials for 
exposure to ionizing radiation, that 
forms part the environment in which the 
technicians work.

To successfully perform these activities 
in the group’s facilities but also in those 
of its clients, in France and abroad, 
Orano’s employees as well as those 
from outside companies are protected 
from ionizing radiation and benefit from 

dosimetric monitoring suitable for the 
type of exposure.

Results

The results presented in this review are 
calculated over the reference period13 

for the 13,579 employees of the group 
who underwent individual dosimetric 
monitoring over the period (84% of 
employees in France and 16% on sites 
abroad), and for the 8,937 employees 
of the outside companies working at 
these same sites.

Seventy-six percent of group employees 
who underwent individual dosimetric 
monitoring are classified as category B. 
This percentage is slightly higher than 

RADIATION PROTECTION 

The average dose of employees of the group 
and of personnel remains at a low level. 
The sites concerned were mobilized to 
implement new regulatory measures in terms 
of organization of radiation protection.

T he group’s activities 
are very diversified; the 
group proposes products, 

technologies and services in mining, 
uranium chemistry, enrichment, 
used fuel recycling, logistics, 
engineering, and dismantling. 

13 The dosimetry results in this report cover the period from July 1, 2020 to June 30, 2021. 

 Radiation Protection Officer taking measurements - Tricastin 
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that for the previous period and reflects the effort to classify 
employees according to actual needs. In addition, the DS BU 
is, where doing so is compatible with the set rules, pursuing its 
targets to declassify its category A employees as category B on 
the basis of analysis of individual dose forecast assessments.

ANNUAL AVERAGE DOSES 
In 2021, the average doses of the personnel monitored remain 
at a level 20 times lower than the French regulatory annual 
limit of 20 mSv, and is the same order of magnitude as in 
previous years.

The average dose over 12 consecutive months for Orano’s 
employees is 0.9 mSv; for the employees of outside 
companies it is 0.7 mSv. These values are calculated using 
different technologies (delayed reading dosimeter14 for Orano’s 
personnel and operational dosimeter for the personnel of 
outside companies).

For Orano employees, the disciplines that recorded the highest 
average annual doses are those working in mining activities 
(2.1 mSv), those working in glove boxes (2.6 mSv), and those 
in nuclear service activities performed during maintenance 
operations at in-service reactors, and those performing 
activities related to cleanup and dismantling (0.9 mSv). This 
distribution shows little change from year to year. However, 
the gradual closure of the COMINAK mine (Niger) has led to a 
decrease in internal exposure.

BREAKDOWN OF AVERAGE DOSES
In 2021, 47% of Orano’s employees and 41% of the 
employees from outside companies received a zero dose15.

Not taking account of the zero doses, personnel who underwent 
dosimetric monitoring and for whom a dose above the recording 
threshold was measured, over 12 consecutive months, represent:
	74% of the group’s employees and 82% of employees of 

outside companies with a dose below 2 mSv,
	93% of the group’s employees and 96% of employees of 

outside companies with a dose below 6 mSv.

Figure 23: Breakdown of doses received over 12 consecutive 
months for Orano personnel

Figure 24: Breakdown of doses received over 12 consecutive 
months for outside companies

The proportion of employees with dosimetry below 6 mSv 
annually is the same order of magnitude as for previous years. 
This percentage above 90% is to be examined relative to the 
percentage of category B class employees (limit of 6 mSv), 
which is around 76% of personnel.

Not taking account of employees who did not receive a dose 
above the recording threshold, the average dose based on the 
doses recorded over 12 consecutive months for employees of 
Orano is 1.6 mSv and that for employees of outside companies 
is 1.1 mSv. These values are of the same order of magnitude as 
those for previous years.

14	 	For	mining	activities,	workers	are	equipped	with	dosimeter	capable	of	assessing	internal	doses	due	to	radon	and	its	decay	products.	
15	 	A	dose	is	a	zero	dose	if	it	is	below	the	recording	threshold	of	the	dosimetry	laboratory	or	below	the	detection	threshold	of	the	electronic	dosimeter.	

 Check upon exiting area - Mélox 
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MAXIMUM DOSES 

No employee of the group or of 
outside companies had received a 
dose greater than 14 mSv16 at the end 
of the reference period. 

As a result of losses of power resulting 
in disturbances to the ventilation of the 
COMINAK mine in July 2020 (during 
the period taken into consideration for 
this review), an increase in the levels of 
radon in the working environment led to 
an increase in dose for 11 employees. 
The working conditions of these 
employees were changed to remove 
them from any risk of exposure to 
ionizing radiation guaranteeing that the 
performance indicator was met at the 
end of the reference period.

The maximum doses recorded for 
employees of Orano and for employees 
of outside companies are lower than 
in 2020. The maximum dose for 
employees of the group is 12.2 mSv 
and for employees of outside companies 
it is 11.9 mSv.

COLLECTIVE DOSES 

The collective and individual dosimetric 
evaluations for a maintenance operation 
are indispensable in preparing for this 
operation. The results of collective 
dosimetry are an indicator that varies as 
a function of the operations performed, 

which represent the group’s diversified 
activities.

Over the period, the collective dose 
for Orano employees for all types of 
exposure was 11,621 H.mSv and for 
employees of outside companies it was 
5,837 H.mSv. These collective doses 
can be broken down into 76% due to 
external exposure and 24% due to 
external exposure. 

The internal doses are caused by the 
radioactivity of decay products uranium 
after inhalation of dust and of radon 
during mining operations at COMINAK 
and SOMAÏR (Niger).

The geographical breakdown per BU 
of collective doses for the Group’s 
personnel is shown in the figure below.

Changes in radiation 
protection 

ORGANIZATION OF 
RADIATION PROTECTION
2021 was a pivotal year with the 
definition of a new radiation protection 
organization which mobilized all the 
players in the field, in a context which 
remains complex with the pandemic. 
In this respect, French decree no. 

2021-1091 of August 18, 2021 on 
protection of workers against risks due 
to ionizing and non-ionizing radiation 
extended the 6-month transition period 
mentioned in the French labor code on 
the implementation of the new system.

The aim of this new system is to change 
the concept of a radiation protection 
advisor, which is currently, depending 
on the case, based on:
	a physical person, referred to as a 

“radiation protection officer”, who is 
an employee of the site or failing that 
of the company,

	a legal entity, referred to as a 
“radiation protection entity”, certified 
by an accredited body, 

	a radiation protection center of 
expertise on a site with a French 
Regulated Nuclear Facility, or Basic 
Nuclear Installation (BNI) [Installation 
Nucléaire de Base- INB].

So, for the group, Orano DS and 
Services, Orano Mining Bessines and 
STSI17 each have a radiation protection 
entity, certified by an accredited body.

A further 4 sites, with one or more INBs 
within their perimeter, have submitted 
a request for approval of a radiation 
protection center of expertise to the 
French Nuclear Safety Authority (ASN). 
These are the La Hague and Mélox sites 
in the Recycling BU, and the Tricastin 
and Malvési sites in the Chemistry-
Enrichment BU.

16 This threshold value serves as an indicator of performance in radiation protection.
17		STSI	(Société	de	Transports	Spéciaux	Industriels)	joined	the	Orano	group	at	the	end	of	2021	as	part	of	the	NPS	BU.

Figure 25: Breakdown of doses received by geographical area and by BU 
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Figure 26 shows a schematic 
representation of a center of expertise, 
which has been adapted by each of the 
sites concerned. On January 2, 2022, each 
site implemented the provisional center 
of expertise, formed for a maximum 
period of one year corresponding to the 
period of examination of requests for 
approval by the ASN.

RADON EXPOSURE
Every employer is obliged to carry out 
an assessment of radon risk in the 
workplace: at least at basement level or 
on the ground floor of buildings (Article 
R. 4451-1 of the French labor code) or in 
specific workplaces such as underground 
cavities (quarries, mines, caves, 
agricultural cellars, etc.) or underground 
structures (dams, sewers, tunnels, etc.).

According to the provisions of the 
French order of June 30, 2021 relating 

to specific workplaces with potential 
of exposure of workers to radon, it is 
the responsibility of the employer to 
assess, where it is possible to do so, the 
concentration of radon in:
	mines and quarries with underground 

facilities accessible to workers, and 
waste disposal facilities,

	underground or partially buried civil 
work structures, such as tunnels and 
sewers,

	technical workshops or galleries in 
an underground environment,

Certain professional activities (occasional 
maintenance or servicing interventions, 
etc.) in underground environments are 
carried out for a short duration, in less 
frequented places where the levels 
of radon are not known (for example 
a valve chamber or a pipe inspection 
chamber). In such situations, the 
technique of integrated measurement 
of radon is not suitable as it takes 

too much time and gives results only 
after exposure. This is why Orano is 
currently studying on the La Hague site 
in particular the use of direct reading 
(continuous measurement) electronic 
devices which allow workers to be 
alerted when the concentration exceeds 
1 000 Bq/m3, then requiring them to air 
or ventilate before prior to intervening 
while taking the radon risk into account 
or, if that is not possible, to carry out an 
individual assessment recorded in the 
occupational risks sheet.

DOSE COEFFICIENTS
Article R. 4451-12 of the French labor 
code sets out that calculations of the 
effective dose and of equivalent doses 
are made according to the methods 
defined by the order in application of 
Article R. 1333-24 of the French public 
health code.

An order is expected to define the 
methods for the calculation of effective 
doses and equivalent doses resulting 
from the exposure of persons to ionizing 
radiation, which have not been updated 
since the French order of September 1, 
2003 which will then be abrogated

Article R.1333-24 of the French 
public health code requires that dose 
coefficients be established taking 
account of the values published 
and updated by the International 
Commission on Radiological Protection 
(e.g: ICRP 137 for radon).

The publication of the order was to be 
effective by the end of 2021 to come 
into force in 2022. This publication 
has been posponed to a later date. 
The order will required an update to 
the dedicated computer models held 
mainly by operators and expert bodies 
for calculations which take numerous 
parameters such as exposure time, 
ventilation rate, age, the environment, 
the radiotoxicity of the radionuclide, 
and the tropism of the radionuclide for 
certain organs.

It application could have significant 
impacts given the modification of 
certain dose coefficients being revised 
upwards.

Figure 26: Schematic diagram of the organization of a center of expertise 
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More than 900 people work in radiation 
protection within the group. By contributing 
to the protection of people, they make a 
direct contribution to the acceptability of 
nuclear power. 

They must meet some key challenges:
	maintain control over dosimetry on worksites and 

avoid any dissemination for the entire duration of 
works, 

	maintain control over the radiological cleanliness 
of facilities during operation, maintenance and 
dismantling, 

	avoid any contamination or exposure of personnel 
and workers, and 

	avoid incidents and accidents. 

A process of reflection was embarked upon in 2021 
to identify opportunities in the modernization and 
transformation of the radiation protection professions 
(MoTRaP) while making the most, amongst other 
things, of modern technologies. 

The main aims of this project are to:
	transform the professions and the associated 

professional standards, 
	simplify and optimize tasks in line with the reality 

on the ground and the exact needs of the authorities, 
	reconcile or differentiate requirements depending 

on activities: operations, maintenance, dismantling, 
services (operational model), 

	bring together players in the area of radiation 
protection, 

	modernize tools and develop tools adapted to needs, 
	maintain skills, and improve the recognition 

and attractiveness of the radiation protection 
professions. 

Work in these areas will be carried out by different 
entities of the group in 2022, depending on their 
respective priorities, based on a strategy of a pilot site 
validating a solution on an industrial site scale before 
pooling and deploying the results for the other sites and 
adapting professional standards. 

The modernization and transformation of 
radiation protection: a challenge and a project 
known as “MoTRaP” 
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Results in terms 
of radiological 
impact 

The annual radiological impacts (or 
annual dosimetric impacts) of releases 
from Orano’s major nuclear sites remain 
at very low levels18: 0.05 µSv for the 
Tricastin site, 13.2 µSv for the La Hague 
site, and below 0.001 µSv for the Mélox 
site. 

These values are to be compared 
with exposures associated with other 
sources of natural or artificial radiation, 
and with the regulatory threshold for 
the public: 1,000 µSv per year for the 
dose added by nuclear activities. 

This very low impact is the result of 
constant progress over time in terms of 
treatment at the source and controlling 
releases into the environment. The 
vigilance of our teams remains a priority 
in the context of organizational changes 
underway within the group. 

These global results are taken from 
information reports prepared by nuclear 
sites pursuant to Article L.125-15 of 
the French Environmental Code19. 

MANAGEMENT OF IMPACTS 
ON THE ENVIRONMENT 

Checking for the absence of 
impact of our activities on 
populations, ecosystems, 
and biodiversity is part of 
our permanent monitoring, 
using recognized human 
and technical expertise. 
The data acquired and 
their interpretation are 
systematically shared 
with stakeholders through 
public reports, shared 
expert analyses, and 
publications.

18 Assessed on the basis of real releases authorized for 2020. 
19	 These	reports	are	accessible	on	Orano’s	internet	site:	https://www.orano.group/docs/default-source/orano-doc/groupe/publications-reference

 Environmental measurements- KATCO 

https://www.orano.group/404?aspxerrorpath=/docs/default-source/orano-doc/groupe/publications-reference
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Results in terms of 
chemical impact

Regarding releases of chemical 
substances, public health impacts near 
Orano sites, assessed according to the 
methods recommended by the French 
Ministry for Ecological and Inclusive 
Transition, INERIS (French National 
Institute for Industrial Environment and 
Risks) and InVS (French Institute for 
Public Health Surveillance), are below 
the reference values.

The hazard quotients for threshold 
effects are lower than 1, and the 
individual risk excesses for no threshold 
effects are below 1/100,000, whatever 
the exposure scenarios involving local 
inhabitants and the considered age 
bracket.

Reliability subject 
to continuous 
inspection

To guarantee the reliability of the 
various inspections performed, the 

implementation of periodic comparative 
inspections between the various 
measurement laboratories is required 
by the regulations.

These inspections concern some of 
the measurements performed by 
the operator, and are carried out by 
Orano La Hague and Orano Tricastin 
with the IRSN laboratory in Vésinet, 
for the radiological analysis. The 
summary reports on these comparative 
inspections check the consistency of 
the various results obtained, and are 
submitted to the ASN.

Properly carrying out comparative 
inspections is one of the key points so 
that internal laboratories (which ensure 
the monitoring of releases and the 
environmental monitoring) obtain the 
ISO 17025 certification, in accordance 
with the requirements of the ASN 
decision no. 2013-DC-0360 of July 16, 
2013, as modified.

Comparison of the dosimetric impact for various exposures 

 Environmental sampling - McClean- Canada 
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In 2021, Orano signed up for the first 
time to the Task Force on Climate-Related 
Financial Disclosures (TCFD) initiative.

Risk analyses have incorporated a dimension allowing 
physical risks related to climate change scenarios to 
be identified. The least ambitious scenarios in terms of 
the fight against climate change, since they are major 
greenhouse gas (GHG) emitters, are by definition the 
ones most likely to generate physical risks and to have 
an impact on the group’s activities.

In concrete terms, the analyses conducted are based 
on the climate projections associated with the IPCC’s 
RCP8.5 scenario, by 2050 (cf. Figure 27).

The methodology used to identify potential impacts is 
based on 3 main steps:
	the identification of areas of activity: plants, mines, 

main suppliers and different flows of materials,
	the definition of scenarios to be taken into account 

with respect to meteorological phenomena: 
- which are either extreme, due to the increase 

in episodes of intense temperatures and 
precipitation, especially in the Mediterranean 
region and in West Africa, 

- or chronic, due to the increase in average 
temperatures, drought and the decrease in 
water resources, accompanied by a worsening 
in working conditions on sites, 

	the qualitative assessment of the potential impact 
of modeled climate changes for each activity 
considered and the identification of points of 
vulnerability. 

For example: 
	for the most extreme situations, difficulties with 

cooling certain facilities were identified,
	for chronic situations, temporary difficulties with 

the transfer of liquid releases in rivers in periods 
of low water or with the development of algae and 
micro-organisms in effluent ponds. 

The results of these studies will make it possible 
to predict the input data for the design of future 
facilities. They take account of the non-linearity of 
changes in certain of the phenomena considered. 
The vulnerabilities identified must also lead to an 
adaptation plan being defined, for the cases where it 
is necessary. 

Analysis of physical risks related 
to climate change 

Figure 27: Change in temperature (source: IPCC) 
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The administrative processes of requesting a dismantling 
authorization, as well as dismantling and waste recovery and 
conditioning operations, continued on these sites in 2021 as 
specified below.

Facilities at the end of 
the dismantling process 
or undergoing industrial 
redevelopment

MIRAMAS SITE
The industrial redevelopment of the Miramas site following 
dismantling and decontamination is nearing completion. 

The central area of the site (16 ha) has been rehabilitated 
following remediation work carried out in 2021. The residual 
contamination has been treated by means of containment. 

D ismantling activities continued to ramp up, a 
process underway for several years on Orano’s 
sites at La Hague, Tricastin and Malvési, Veurey, 

and Miramas. This large-scale and complex programs 
mobilize numerous skills to ensure compliance with the 
milestones set by the safety Authorities.

DISMANTLING 
OPERATIONS 

 Dismantling of the Georges Besse I Plant - Tricastin 

 Remediation worksite - Miramas 

Dismantling 
activities are 
continuing at the 
group’s various 
sites and facilities.
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Environmental monitoring has been put 
in place.

SICN VEUREY SITE
The SICN Veurey-Voroize site, in the 
Isère, formerly accommodated nuclear 
fuel fabrication facilities operated by 
the Société Industrielle de Combustible 
Nucléaire (SICN), a subsidiary of Orano.

The stability of environmental 
measurements associated with the 
administrative decommissioning of the 
site by the ASN in 2019 allowed the 
building and the land to be transferred 
to the current lessee at the end of 2021.

Facilities 
undergoing 
dismantling

LA HAGUE SITE

 INB Nos. 33, 38, 47, and 80
Studies and work on waste recovery 
and conditioning (RCD) and dismantling 
(DEM) continued during 2021 at the 4 
INBs undergoing dismantling.

The highlights of this year mainly 
concerned:

	For the HADE workshop, depending 
on its constituent units:
- continuation of the removal of 

tanks from the different units and 
of associated volume reduction 
operations,

- recovery of waste,
- cleanup and dismantling of mixer-

settlers.

	For the MAPu workshop:
- end of electromechanical 

dismantling of the upper 
levels of the workshop and 
preparation of the methodological 

cleanup documentation for the 
decommissioning of the premises 
to be dismantled,

- qualification of the bitumen 
recovery process.

	For the HAO Sud workshop:
- continuation of the program of 

investigations on the two cells,
- study of diversion of the effluent 

tanks,
- cleanup and dismantling of the 

two rooms, with the recovery of 
sludge and associated waste.

	For the STE2 workshop:
-  various activities including 

studies and the investigation of 
cleanup, removal and dismantling 
depending on the rooms.

	For the HAPF workshop:
- depending on progress with 

the dismantling of the tanks of 

which this workshop is made 
up, processing feasibility studies, 
resin sealing tests, rinsing or 
additional investigations to 
decrease the dose rate.

	For the ELAN 2B facility:
- dismantling of a roller door,
- transfer of 4 columns to a facility 

on the site,

	For silo 130:
- continuation of the recovery and 

conditioning of waste with the 
preparation of 21 drums,

-  the end of effluent recovery 
feasibility studies,

-  studies of a new containment 
facility which will allow waste of 
large dimensions to be removed,

- investigations by 3D scan to 
identify the volume and the exact 
position of earth in one of the 
pits,

 Silo 130 - La Hague

The La Hague workshops undergoing dismantling - Acronyms 
- DFG: Déchets de Faible Granulométrie (fine grain waste)
- HADE: Haute Activité Dissolution Extraction (high activity dissolution 

extraction)
- HAO: Haute Activité Oxyde (high activity oxide) 
- HAPF: Haute Activité Produits de Fission (high activity fission products) 
- MAPu: Moyenne Activité Plutonium (medium activity plutonium) 
- SOD: Stockage	Organisé	des	Déchets (organized waste storage) 
- STE 2: Station	de	Traitement	des	Effluents	n°2 (Effluent treatment station no. 2) 



48

STATUS OF SAFETY IN NUCLEAR FACILITIES  DISMANTLING OPERATIONS 

	For silo 115:
-  the end of preliminary design studies for the recovery of 

magnesium waste,
-  implementation of fire safety measures.

	For SOD:
-  the receipt of the opinion of the French Institute for 

Radiation Protection and Nuclear Safety (IRSN) on the 
safety options file for the recovery of radioactive waste 
containers (“curseurs”) for conditioning.

	For the DFG project:
-  the continuation of works to clear the site for the new 

building,
-  the examination of the construction documentation and 

of the process with a view to construction commencing in 
2022.

	For the HAO silo:
-  the continuation of preparatory works,
-  with regard to administrative authorizations, the 

examination of the application for active connection of 
the cell and its operation for the conditioning of waste 
into drums, the continuation of discussions with the ASN 
and ANDRA on agreements for the conditioning of new 
packages and the preparation of authorization request 
applications with a view to commencing operations.

	For STE2 sludge conditioning and recovery:
-  cleanup operations, works to improve the leaktightness 

of premises over the silo and works to dismantle the old 
agitators were completed,

-  the technical dialogue with the ASN on the safety options 
file submitted in 2019 continued. Observations and 
recommendations were made by the IRSN with regard to 
the process and the interim storage of canisters,

-  studies for the repackaging facilities and their equipment 
continued. The procurement of embedded parts which 
will allow the equipment to be attached to the roof of the 
silos has commenced. While awaiting the ASN’s feedback 
on the modification, the next phase of works concerning 
the construction and layout of the new premises and 
equipment have not yet been contracted out.

TRICASTIN SITE 

 INB 93 – GEORGES BESSE PLANT

The administrative process of authorizing the dismantling of INB 
no. 93, initiated in 2015, resulted in the publication on February 7, 
2020 of the French decree authorizing Orano Cycle to carry out 
operations for the partial dismantling of the said INB. The general 
rules of dismantling were approved on February 4, 2021.

Throughout 2021, studies to optimize the dismantling scenario 
continued, in particular with the continuation of construction of 
a densification and conditioning unit.

Under article 10 of the dismantling decree of February 5, 2020, 
the file presenting the scenario and the adopted schedule for the 
demolition of the cooling towers was submitted on February 5, 
2021. The operations are still scheduled to be carried out over 
the period from 2024 to 2028.

The DGB project is also coordinating the investigations and 
operations referred to “Early Release” in preparation for the 
dismantling phase of the plants. As part of these operations, the 
first packages of radioactive waste were shipped to the CIRES 
waste disposal facility during the course of 2021.

The project participates in half-yearly meetings to monitor the 
progress of dismantling programs with the ASN, at which the 
main themes of study and actions related to the fulfillment of 
technical requirements and commitments made by the operator 
are addressed.

The dismantling operations must be completed at the latest by 
December 31, 2051.

 INB NO. 105 – CONVERSION WORKSHOP

The administrative process of authorizing the dismantling of 
INB no. 105 came to a close on December 18, 2019 with the 
publication of the French decree no. 2019-1368 of December 
16, 2019 and the approval of the general operating rules for 
dismantling on December 15, 2021.

After the completion of operations for the removal of non-process 
asbestos and definitive de-energization, works to disassemble 
structure 2450 of this facility commenced at the end of 2021.

PIERRELATTE INBS
The process and the operations of dismantling and cleanup 
of the Pierrelatte INBS continued in 2021, notably with 
continued dismantling of the “Main Laboratory” and “Waste 
Treatment Station” individual facilities and continued cleanup 
of “TU2-TU3” and “P60” individual facilities,

MALVÉSI SITE
The operations in 2021 to remove equipment then to 
deconstruct the structures entailed:
	the completion of removal of the Isoflash pilot process, 

followed by asbestos removal and its deconstruction,
	investigations, prior diagnostics before works, asbestos 

removal and deconstruction of a part of the processes 
present in the magnesiothermic building,

	the removal of part of the process equipment of the READ 
facility. Georges Besse plant, Tricastin 
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Supervision of 
transportation

Control over transportation safety 
for radioactive materials calls for the 
implementation of in-depth defense 
based on the three-barrier principle: 
safety of design, production, and 
cask maintenance; the reliability 
of transportation operations; and 
preparation for response in case of 
incident or accident.

PROCESS OF RISK 
CONTROL
Control over makeup and shipping 
activities for packages, up to delivery 

to the recipient, is based on an internal 
process called “Manager of supervision 
of transportation”, led and implemented 
by the NPS BU.

This process is complementary to the 
application of national and international 
regulations on the safety of radioactive 
materials transportation. It includes 
control over all risks, with a larger 
scope than that of safety and radiation 
protection.

The supervision process is thus broken 
down into three areas:
	upstream of transportation, by 

the definition, the implementation 
of a common baseline, and the 
permanent deployment of risk 
analysis,

	in an operational framework, by 
monitoring of transportation activities 

at the group’s sites, but also 
everywhere that activities impacting 
safety are carried out, 

	during an incident or accident, by 
managing degraded situations.

A common 
documentary 
baseline

The definition and implementation of a 
common documentary baseline makes it 
possible to provide a shared framework 
within the group. It is mainly made up 
of texts applicable to the transportation 
of radioactive and nuclear material and 
two major directives that deal with 

EXTERNAL 
TRANSPORTATION 
ACTIVITIES 

Industrial performance 
calls for perfect control 
over flows involved in 
the transportation of 
radioactive materials, 
whether they be intended 
for our customers or our 
sites, or produced by 
them. Thus, transportation 
operations are carried 
out with safety objectives 
that are identical to those 
established for facilities.

 Handling of a transport cask 
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the safety of transportation of radioactive material and the 
conformity of packages.

In 2021, as part of regulatory watch applicable to the 
transportation of radioactive and nuclear material, analysis 
and informational work addressed the following subjects to 
take account of the changes to regulations, in particular to:
	explain the application of the changes to the 2018 edition 

of the IAEA regulation SSR-6 on transportation safety in 
the modal regulations in 2021,

	application of the changes to international regulations:
- the European agreement relating to the international 

carriage of dangerous goods by road (ADR) – 2021 
version,

- the regulation on the international carriage of dangerous 
goods by rail (RID) – 2021 version,

- technical instructions for the safe transport of 
dangerous goods by air (ICAO) – 2021 version,

- the international maritime dangerous goods code 
(IMDG code) – 2020 version applicable on June 1, 2022,

- the regulation on the carriage of dangerous goods 
(IATA) – 2021 version, concerning air transportation,

	application of the regulatory changes concerning France, 
which at the end of 2020 and in 2020 issued several 
orders:
- the Order of May 29, 2009 relating to the transportation 

of hazardous goods by terrestrial highways (known in 
France as the “arrêté TMD”), revised on two occasions,

- the Order of November 17, 2020, in annex to the French 
regulation for the carriage and handling of dangerous 
goods in maritime ports (Règlement pour le Transport 
et la Manutention des Marchandises Dangereuses dans 
les	Ports	Maritimes	–	known	in	France	as	the	“RPM”), 
concerning port operations in French ports,

- the Order of October 23, 2020, on risk assessment 
measurements and on checking the effectiveness of 
the preventive measures taken for worker protection 
against the risks of ionizing radiation (known in France 
as the “Arrêté mesurage et vérification RI”).

Each change in regulatory texts was covered by a bulletin 
addressed to the advisors for the group’s transportation 
safety to ensure the application of regulatory changes at the 
operational level.

In addition to this, two internal guides were issued to specify 
how the regulations are to be applied on specific subjects; 
one on Shipments of uranium mining concentrates from drum 
filling at the mine through to the converter, and the other 
on the training of personnel in the stowage of packages in 
application of the recommendations set out in ASN Guide 
No. 27 relating to the stowage of packages of radioactive 
materials during transportation.

Risk analysis

The risk analysis approach first and foremost consists of 
identifying and analyzing all transportation flow risks.

All transportation flows carried out or supervised by the 
NPS BU are subject to exhaustive information collection to 
then assess their level of risk. This risk analysis may include 
assessments in the field or of itineraries.

These studies require various expert assessments: organization 
of transportation, regulatory watch, nuclear safety, occupational 
safety, loading and stowage, or public information.

They also include the validation of ships onto which the 
group’s entities may need to load radioactive material. In 
2021, of 60 ships analyzed, 2 were refused after analysis.

In 2021, these analysis and validation processes were used, 
and the year was marked by the resumption of shipments of 
MOX fuel to Japan and a first shared maritime shipment.

Activity monitoring

On shipping and receiving sites, as well as in areas of 
transshipment (such as ports and airports), qualified inspectors 
are sent to monitor, prepare and package shipment operations 
and activities performed by service providers in all countries 
concerned.

The change in the number of inspections assessed as “not 
satisfactory or NS” makes it possible to assess the level of 
control over transportation activities. 

For 2021, this level is 5.3% for the 281 inspections performed. 
This figure, slightly higher compared to 2020 (4.5% for 267 
inspections performed) remains close to the acceptable 
threshold of 5%. In order to keep this result at an acceptable 
level, it was to focus more closely on looking for soft signals, 
reflected by the rate of inspections declared “not totally 
satisfactory or NTS”, which was 39.9% in 2021 (29% in 2020).

 Containers of UF6 at the port of Le Havre 
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Figure 28: Changes in the level of “not satisfactory” inspections

Figure 29: Changes in the level of “not totally satisfactory” 
inspections

The inspections conducted in 2021 led to the issuance of 82 
findings for shipping sites and 137 for transport suppliers, 
a figure comparable to that for 2020 for providers, but a clear 
increase for shippers. This increase is evidence of the effort 
made by monitoring to detect soft signals.

Their breakdown for shipping sites which account for 80% 
of findings (cf. Fig. 30) shows a clear increase in the domain 
of conformity of packages while the other domains have 
remained constant or decreased. This increase is related to 
the conformity of documentation and the performance or 
traceability of inspections.

Figure 30: Breakdown of Shipper inspection findings 
by domain (as a %)

Their breakdown for transport suppliers, which account for 
80% of findings (cf. Fig. 31) shows a clear increase in the 
domains of physical protection and the conformity of packages 
while the other domains have remained constant or decreased.

Figure 31: Breakdown of Supplier inspection findings 
by domain (as a %)

 Radiological inspection of drums of uranate, COMINAK, Niger 
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In addition to inspections in the field, audits of sites and those 
of suppliers involved in carrying out the group’s shipments are 
conducted to assess the performance of existing organizations 
and processes. 

In 2021, 25 audits were conducted (3 for the sites and 22 for 
suppliers). The public health measures taken in certain foreign 
countries, as well as travel restrictions, also had an impact on 
the audit program in 2021.

Management of deviations 

The level of transportation control is also measured by the 
number of significant events declared and their level of 
classification.

In 2021, 14 significant events classified on the INES scale, 
including 13 classified as level 0 and one classified as level 1, 
concerned transportation on public roads in which an entity of 
the group was involved (19 in 2019).

Of these events, 12 were reported by a group entity (17 in 
2020) and 7 were events for which a group entity or one of its 
subcontractors was considered as a cause (8 in 2020).

A more detailed analysis of events concerning transportation 
safety showed the following breakdowns, by field of 
responsibility and by typology:

Figure 32: Breakdown by responsibility and by function of 
significant events concerning transportation safety

In 2021, Orano was considered responsible as a shipper for 6 
events; and 1 event was considered to be the responsibility of 
a transport subcontractor.

The analysis by field showed 3 events concerning the 
conformity of the packages shipped (vent plug not fully closed, 
assemblies not fully locked in place, incorrect stowage of a 
component in an IP-2 container, and a damaged seal on the 
door of an IP-2 container not detected upon inspection), 2 
events concerning isolated contamination without impact on 
the personnel or the environment, and 1 event concerning a 
road accident (dropping of a container of enriched UF6 in the 
USA) without any consequences.

Figure 33: Comparison between 2021, 2020 and 2019 of 
the breakdown by function of significant events concerning 
transportation safety

 Valognes rail terminal 
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Management of degraded 
situations

In case of a degraded situation that necessitates it, the NPS 
BU sets up and coordinates the deployment of an Emergency 
Transportation Response Plan (PUI-T). 

This plan notably involves:
	setting up a Command and Local Decision Center (PCD-

L) that interfaces with the group’s National Command and 
Decision Center (PCD-N), and the PCD-L of the shipping 
or receiver site, depending on the situation, as well as a 
technical unit, and a communication unit,

	dispatching specialists to the location of the accident on the 
customer’s premises, and, if the event occurs in France, to 
the prefecture concerned.

This system is tested during internal emergency exercises, some 
of which simulate accidents which may occur outside France.

In 2021, the NPS BU conducted or participated in 6 
transportation emergency exercises, both on safety themes 
and physical protection, on a more or less large scale, inside 
or outside the group. In this respect, a national nuclear safety 
exercise called TMR 48 (see the box on page 54) took place 
on October 5, 2021 with the prefecture of the Lozère, which 
allowed participants to refresh their experience of simulation 
exercises in the field.

Training in the transportation 
field

As last year, training activities continued both within and 
outside the group.

The group participated in two recycling training courses at 
the National Firefighters Academy (ENSOSP), for technical 
advisors to departmental fire and emergency response 
services (DDSIS) and prefects. This involvement allows crisis 
team members from the NPS BU to be integrated as leaders 
and observers of TMR crisis exercises, in order to gain a better 
understanding of the constraints of responders but especially 
to highlight the importance of the role of operators in the 
organization of the civil security response (ORSEC) and the 
ways in which they can support responders. 

In 2021, a day of discussions was organized at the auditorium 
of the Visiatome de Marcoule and at the NPS BU’s test center 
at Laudun L’Ardoise. The departmental radiological (RAD) 
technical advisors from the Zone de défense Sud (Defense 
area South), from Marseille’s Navy Firefighters Battalion 
(Bataillon de Marins-Pompiers de Marseille) and from the 7th 
UIISC (Unité d’Instruction et d’Intervention de la Sécurité Civile 
N°7) emergency rescue and training unit of the French Army 
based in Brignoles (83) took part in the event.

This day provided the opportunity to present the activities 
carried out by Orano, in particular those concerning the 
transportation of radioactive materials (TMR), and to visit the 
NPS BU’s test center on its Laudun site.

This day proved to be a very fruitful forum for discussion and 
sharing of experience and allowed the RAD Technical Advisors 
in attendance to gain a better understanding of the shipments 
of radioactive materials carried out by Orano.

 Day of meetings with technical advisors from the Zone de défense Sud (Defense area South) 
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The aim of the TMR 48 exercise was to test 
the measures (in particular the response from 
the civil-security organization relating to a 
TMR) provided both by the Public authorities 
and the operator in the event of an accident 
during the carriage of radioactive substances 
in the area.

It took place over one day, and used an accident 
scenario initially unknown to the participants to test:
	the chain of alert and information for services, 

local authorities and, where applicable, bordering 
departments, 

	the mobilization and functioning of the crisis units, 
	the decision-making chain, via exchanges between 

Orano BU NPS (the designer and applicant for the 
model of package, freight forwarder and crisis 
management), the shipper (simulated), LMC (carrier), 
Orano BU DS (intervention and recovery) and the 
head office of Orano (crisis management), the IRSN, 
the ASN, the Prefecture of the Lozère and resources 
of the zonal prefecture (“Plan ORSEC TMR” and “Plan 
Blanc”), 

	actions in the field which were taken by some of the 
participants, in particular concerning intervention 
by first responders and caring for and evacuating the 
injured. 

The exercise scenario consisted of a collision between 
two trucks, one transporting radioactive materials, and 
the other carrying acetylene on a departmental road in 
the Department of the Lozère (48). 

Managing communication with the population and 
the media was one of the important objectives of this 
exercise. A specialist firm simulated media pressure so 
that the communication units of the entities involved 
received a stream of calls from journalists, articles and 
tweets. This pressure was handled efficiently by the 
various players. 

The objectives that Orano set itself for this exercise 
were able to be met:
	test the capacity of internal crisis organizations to 

manage a radioactive materials transportation (TMR) 
event, 

	identify the improvements to be made in terms of 
the organization, methods and resources currently in 
place, 

	coordinate the commitment, at group level, of the 
resources necessary for the resolution of the crisis, 
including the intervention in the field, 

	training in hybrid mobilization (face-to-face and 
remote) at the PCD-N. 

Orano’s contribution to the national TMR 48 exercise 

 TMR 48 exercise - Simulation of the accident situation TMR 48 exercise - Intervention by firefighters from SDIS 48
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Review of the past 
year

The experience feedback from real 
simulations and larger-scale exercises 
(national exercises on the Orano La 
Hague site in February and transportation 
exercises in October) highlights several 
lessons learned, which should be 
underlined.

By way of extension to what was 
validated in 2020, the operation of 
emergency response command centers 
(PCD) with a mixed organization, 
combining members working in person 
and members working remotely, confirms 
the added value of such an organization 
during ramp-up after being triggered 
on in situations which would not allow 
crisis team members to be assembled. 
The management of information made 
available to PCDs and their managers 

remain the main challenge of such a 
mode of operation.

In this regard, short-term “sandbox” 
exercises aimed at testing the 
mobilization of the national emergency 
response command center (PCD-
National) have been made systematic. 
They are key to the capacity to rapidly 
manage a crisis at national level and to be 
in a position to respond to the demands 
of the Public Authorities. The effort being 
made to provide this type of training 
should be maintained so that it become 
a matter of routine in its implementation.

The tool for managing logbook tracking 
and information deployed since 2020, is 
providing the expected services. As with 
all tools, it requires sufficient practice 
to master its different functionalities. 
The ramp-up exercises, described in 
the previous paragraph make a notable 
contribution in this respect. Some 
improvements to the tool identified during 
its implementation are still to be deployed.

MANAGEMENT OF 
DEGRADED SITUATIONS 

 FINA response exercise - Mélox 

A year with a wealth 
of lessons learned on 
an operational level. 
Work is continuing 
to strengthen the 
capacity to overcome 
a crisis.

T he benefits of the efforts 
made over the past few 
years are starting to 

show. A large-scale exercise 
in the deployment of the FINA 
National Response Force with 
the support of heavy equipment 
from the INTRA Group was 
conducted at Mélox. Works 
to improve the availability of 
technical data to institutional 
experts are continuing. 
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Deployment of FINA

The past year saw a major exercise involving resources from 
the FINA backed by those of the INTRA Group20 on the Mélox 
site. The theme of this exercise was the reestablishment of 
access routes and performing diagnostics to determine the 
condition of the facilities after a seismic event.

This simulation in the field was an opportunity to test the 
availability of personnel and all the procedures necessary to 
ensure their safety and obtain the necessary administrative 
authorizations, to deploy 5 of the FINA’s 28 missions and 
to test the interfaces with the Mélox site and the INTRA 
Group. In particular, various types of drones were able to be 
deployed: heavy public works machines, terrestrial diagnostics 
or radiological measurement equipment, lightweight aerial 
vehicles for verifying the integrity of buildings.

Detailed experience feedback was provided for each of the 
missions carried out, allowing the best practices to be made 
permanent to be identified and the points to be improved to 
be processed.

It is important to maintain this momentum, which allows the 
capacity of the FINA to be demonstrated, while consolidating 
the interest and motivation of volunteers in this additional 
function and making it more attractive.

This deployment was observed by the General Inspectorate, 
the main conclusions of which are featured on page 18.

Prospects for 2022 and 
follow-up on areas previously 
identified as requiring special 
attention

Building on feedback from experience, the level of internal 
momentum with a view to ensuring control over degraded 
situations within the group remains high. A wealth of lessons 
can be learned from the past year. In 2022, it should be 
possible to consolidate the proposed organizational changes, 
to make them part of the group’s documentary baseline, and 
to implement what has been decided. These changes must be 
paralleled by the emergency teams’ grasp of the information 
management tool. Deployment of FINA’s missions.

Subsequent to the requests expressed by the Public Authorities 
to have continuous access to raw data on the operation of 
facilities in the event of a crisis, the works commenced in 2021 
to put this into practice in facilities of the fuel cycle and to allow 
the transmission or raw data have gathered speed. This issue 
remains a challenging one due to the diversity of facilities, 
which are often one-of-a-kind.

Certain areas for attention identified in previous reports continue 
to be relevant:
	expertise in conducting the post-accident phase of events. 

Efforts must continue to be made to improve the grasp by a 
larger number of team members of tools used to assess the 
impact on the public and the environment,

	conference calls. Recent years have confirmed the need to 
have better control over how conference calls are conducted, 
in order to limit the focus to the primary objectives of these 
updates on the situation which are of crucial importance for 
crisis management, whether it be in the sphere of decision-
making or in that of expertise. Internal teams must continue 
to work on this point, particularly for the structuring of 
various meetings to harmonize the requests of the public 
authorities, the management of information, internal 
decision-making, and technical appraisal work,

	capacity to simulate all stakeholders. This year, like last 
year, was not conducive to participation of external entities 
involved in crisis management for low-intensity exercises. 
This is an area in which there is still progress to be made.

 Deployment of a drone in the facilities at Mélox 

20	Group	for	robotic	response	to	accidents	(Groupe	d’Intervention	Robotique	sur	Accidents)
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ACRONYMS 
AIP:  Activities Important for the Protection of 

interests

ANDRA:  French National Agency for Radioactive 
Waste Management (Agence Nationale 
pour la gestion des Déchets Radioactifs)

ASN:  French Nuclear Safety Authority (Autorité 
de Sûreté Nucléaire)

BU:  Business Unit (in the Orano organization)

CEA:  French Atomic Energy and Alternative 
Energies Commission (Commissariat 
à l’Énergie atomique et aux énergies 
Alternatives)

COFRAC:  French Accreditation Committee (Comité 
FRançais d’ACcréditation)

DSND:  Delegate for Nuclear Safety and 
Radiological Protection for Defence-
related Activities (Délégué à la Sûreté 
Nucléaire et à la radioprotection pour les 
activités et les installations intéressant la 
Défense)

SSA: Supplementary Safety Assessments

EIP:  Equipment Important for the Protection of 
interests

EURATOM:  European Atomic Energy Community 

FINA:  The Orano-Framatome National Response 
Force

HOF:  Human and Organizational Factors

HCTISN:  High Committee For Transparency 
and Information on Nuclear Security 
(Haut Comité pour la Transparence et 
l’Information sur la Sécurité Nucléaire)

HSE:  Health, Safety and Environment

IAEA:  International Atomic Energy Agency

ICPE:  Environmentally Regulated Facility 
(Installation Classé pour la Protection de 
l’Environnement)

IG:  General Inspectorate (Orano)

INB:  French Regulated Nuclear Facility 
(Installation Nucléaire de Base)

INBS:  French Defense Nuclear Facility 
(Installation Nucléaire de Base Secrète)

IPR:  Incident Prevention Rate

IRSN:  Institute for Radiation Protection and 
Nuclear Safety (Institut de Radioprotection 
et de Sûreté Nucléaire) 

OEF:  Operating Experience Feedback – process 
designed to organize Operating Experience 
or Lessons Learned (REX in French)

WANO:  World Association of Nuclear Operators

B
Becquerel (Bq): International unit of measurement of 
nuclear activity (1Bq = decay of 1 atomic nucleus per 
second). The becquerel is a very small unit. Formerly, activity 
was measured in curies (1 curie = 37,000,000,000 Bq). 

C
Cask: Assembly of components needed to safely contain the 
radioactive material transported. It may include a variety of 
special materials, such as radiation-absorbing materials or 
thermal insulation materials, as well as service equipment, 
impact limiters, and devices for handling and stowage. 

Category A or B: Classification categories for workers likely 
to receive, in normal work conditions, an effective dose of 
more than 6 mSv per year in the case of a category A worker 
and of more than one of the dose limits set for the public in 
the case of a category B worker.

Cleanup: All technical operations to eliminate radioactivity-
related risks in a nuclear facility, consisting of decontaminating 
the structures, equipment, floors and walls of the buildings. 

GLOSSARY
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Containment: System of protection which consists of 
containing radioactive products inside a defined area. 

Contamination: Presence of radioactive substances (dust or 
liquid) on the surface or inside a medium. Contamination in 
humans may be external (on the skin) or internal (via the skin 
or by inhalation or ingestion). 

Controlled area: Area where access and residence time are 
regulated for reasons of radiation protection. 

Conversion: Combination of chemical transformations to 
convert solid uranium concentrates into uranium hexafluoride 
so that they may be enriched in fissile uranium (U235) by 
centrifugation. 

Criticality (criticality safety): The study and control of 
conditions to protect against the occurrence of a criticality 
accident due to an uncontrolled nuclear fission reaction in 
normal, incidental and accidental situations. 

D
Decommissioning: Administrative procedure consisting of 
removing a facility from the list of regulated nuclear facilities 
(INBs). At that point, the facility is no longer subject to the 
legal and administrative requirements pertaining to INBs. 

Decontamination: Physical, chemical or mechanical 
operation designed to eliminate or reduce the presence of 
radioactive or chemical materials deposited on a person or 
equipment, or in a facility or open area. 

Defense in depth: A series of lines of defense designed 
to prevent the appearance, or limit the consequences as 
necessary, of human or technical failures that could lead to 
accidental situations. 

Dismantling: Combination of technical and administrative 
procedures carried out following the final shutdown of a 
facility to achieve defined final conditions enabling it to 
be decommissioned. Dismantling includes the physical 
dismantling and decontamination of all machinery and 
equipment, and the management of the associated 
radioactive waste. 

Dosimeter: Instrument for measuring radioactive doses 
received by an individual, or by certain of that individual’s 
organs (passive or operational dosimetry), or by the 
environment (site dosimetry). 

E
Effective dose: The sum of an individual’s internal and 
external exposure to ionizing radiation (energy received 
and effects related to the type of radiation). It generalizes 
the effects to the whole body of an individual, taking into 
account differences in the sensitivity of different organs. It is 
expressed in millisieverts (mSv), a sub-unit of the sievert (1 
Sv = 1,000 mSv). 

Enrichment: Process in which the abundance of fissile 
isotopes is increased in a chemical element. Naturally 
occurring uranium essentially consists of 0.7% U235 (fissile 
isotope) and 99.3% U238 (non-fissile isotope), and must be 
enriched in U235 for it to be usable in a pressurized water 
reactor. The proportion of 235U is brought to approximately 
3 to 5%. 

F
Fissile: Describes a nuclide capable of fission; the fission of 
atoms generates several neutrons. 

Fission products: Fragments of heavy nuclei produced 
during nuclear fission or the subsequent radioactive decay of 
the nuclides formed. These fission fragments and their decay 
products are collectively referred to as “fission products”. 

Fission: Spontaneous or forced splitting of a heavy nucleus, 
generally after absorption of a neutron, into two or three 
smaller nuclei (fission products), accompanied by the release 
of neutrons, radiation and a considerable amount of heat. 
The substantial energy released is the principle underlying 
nuclear power generation. 
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Fuel cycle: The combination of industrial operations 
involving nuclear fuel. These operations include uranium ore 
mining and processing, uranium conversion and enrichment, 
fuel fabrication, used fuel treatment, recycling of recovered 
fissile materials to fabricate new fuel, and radioactive waste 
management. 

G
Glass: High-level radioactive waste is vitrified and poured 
into stainless steel canisters. 

Glove box: A transparent enclosure in which equipment 
and radioactive substances can be handled in isolation from 
the operator. Handling is done with gloves which are sealed 
to openings in the wall of the enclosure or with mechanical 
manipulators. 

H
Hot work: Any operation or maintenance work requiring 
the use of an open-flame device, a spark generator or a hot 
surface. 

Hulls: Pieces about 3 centimeters long produced by the 
shearing of the metal cladding (fuel rods) that had contained 
nuclear reactor fuel. 

I
Incident Prevention Rate (IPR): Internal indicator 
corresponding to the ratio of the number of INES level 1 
events or higher to the number of INES level 0 events. 

International Nuclear and Radiological Event Scale 
(INES): International scale designed by the IAEA to facilitate 
communication about nuclear events. It provides comparative 
elements that can be used to assess the seriousness of an 
event. The scale ranges from level 0 (deviation with no safety 
significance) to level 7 (major accident with considerable 
health and environmental consequences). 

Ionizing radiation: Electromagnetic or corpuscular radiation 
capable of producing ions directly or indirectly as it passes 
through matter. This ionizing radiation can be produced by 
the radioactivity of atoms such as uranium or plutonium. 

Irradiation: Exposure of an organism or an organ to ionizing 
radiation when the radiation source is outside the organism. 

M
MOX (Mixed OXide): A mixture of uranium and plutonium 
oxides used to fabricate certain types of nuclear fuel. 

Nozzle: Metal component located at the top (top nozzle) or 
bottom (bottom nozzle) of a fuel assembly. The top nozzle is 
used to handle the assembly. 

Nuclear materials safeguards: Safeguards aimed at 
preventing any loss or diversion of material, in particular for 
malicious purposes. 

Nuclear safety: Combination of technical and organizational 
measures related to the design, construction, operation, 
shutdown and dismantling of regulated nuclear facilities, and 
to the transport of radioactive substances, which are taken to 
prevent accidents or limit their effects. 

P
Periodic review: The periodic review of a facility assesses the 
facility’s status in terms of the rules applicable to it and updates 
the assessment of the risks or drawbacks that the facility may 
present, taking into account in particular the condition of the 
facility, the operating experience, developments in knowledge 
and changes to the rules applicable to similar facilities. 
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Plan National de Gestion des Matières et des Déchets 
Radioactifs (PNGMDR): The National Radioactive Waste 
and Materials Management Plan is a document which 
assesses existing methods of managing radioactive waste 
and materials, identifies foreseeable storage and disposal 
facility requirements, indicates the capacities needed for 
those facilities and the duration of storage, and sets objectives 
for radioactive waste for which no final management method 
exists. 

Pressurized nuclear equipment: Equipment that is specially 
designed for nuclear applications and whose failure could 
give rise to radioactive releases.

R
Radiation protection: Combination of rules, procedures and 
means for prevention and monitoring aimed at preventing or 
reducing the exposure of employees and the environment to 
the harmful effects of ionizing radiation. 

Radioactive waste disposal: In France, operation consisting 
of placing radioactive waste in a specially designed facility 
for potentially permanent keeping in compliance with the 
principles laid down in article L. 542-1 of the Environmental 
Code, with no intention of withdrawing them later. 

Radioactive waste packaging: Operation consisting of 
packaging waste in a form suited to the containment of 
radioactive materials, enabling its shipment, storage and final 
disposal. 

Radioactive waste: Radioactive substances for which 
no further use is foreseen or planned, or which have been 
requalified as such by the administrative authority pursuant 
to article L. 542-13-2 of the French environmental code. 

Radioactive material: Substance containing natural or 
artificial radionuclides whose activity level or concentration 
warrants radiation protection monitoring. 

Radioactivity: Phenomenon involving transformation of 
a nuclide with release of ionizing radiation. Radioactivity 
may be natural or artificial. The radioactivity of an element 
decreases over time as the unstable nuclei disappear. 

S
Safety analysis report: Report describing the design of 
regulated nuclear facilities and the measures taken to ensure 
safety. It inventories the risks presented by the facility and 
specifies the measures taken to prevent them as well as 
measures conducive to reducing the probability of accidents 
and their effects. 

Safety standards: Combination of documents called for 
by the regulations of each country which present measures 
taken to ensure the safety of a facility. The safety analysis 
report is one such document. 

Sievert (Sv): Unit of measurement of radioactive dose, i.e. 
the fraction of energy from ionizing radiation received by 
1 kilogram of living matter, taking into account the effects 
on the organ in question, which are a function of the type 
of radiation. The millisievert (mSv) is used more frequently, 
which corresponds to one one-thousandth of a sievert, and 
sometimes the microsievert (μSv), which corresponds to one 
one-millionth of a sievert. 

Storage: Temporary surface or geologic storage of 
radioactive materials and waste in a facility that is specifically 
designed for that purpose, pending their removal. 

Subcontractor: Natural or legal entity other than the owner-
operator and its employees which carries out operations 
or supplies goods or services contributing to an activity or 
Equipment Important for Protection, or which participates in 
an action covered by the INB Order of February 7, 2012 in 
connection with such an activity. In particular, this concerns 
service providers and subcontractors, experimenters and 
users. 

U
UF : Uranium hexafluoride. Chemical form of uranium 6

UO2: Uranium dioxide. May be in powder or pellet form. It is 
the constituent component of nuclear fuel. 
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Uranium concentrate: Magnesium uranate, sodium, 
ammonium or uranium peroxide in solid form resulting from 
the mechanical and chemical treatment of uranium ore. This 
marketable concentrate contains about 80% uranium. 

Used nuclear fuel recycling: After a reactor residence time 
of three to four years, the used nuclear fuel must be unloaded. 
At that time, 96% of the fuel materials are reusable (95% 
uranium and 1% plutonium), while 4% are fission products 
and minor actinides (final waste). A first step is to separate 
recoverable radioactive materials from the final radioactive 
waste contained in the used fuel. The former can be recycled 
to produce electricity, economizing on natural resources. The 
waste is packaged safely and sustainably for storage. 

Used nuclear fuel: Fuel permanently removed from a reactor 
core after having been irradiated there. 

V
Vitrification: Process used to incorporate concentrated 
solutions of final radioactive waste (fission products and 
minor actinides), which have been chemically separated 
from the used fuel, into a glass structure by mixing it with 
a glass matrix at high temperature. Vitrification offers stable 
conditioning of waste over the very long term. 

W
Waste rock: Earth, sand or rock that contains little or no 
uranium, but that must be extracted to gain access to the ore 
itself. Their naturally occurring radioactivity is comparable to 
that of the surrounding rock. 
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As a recognized international operator in 
the field of nuclear materials, Orano delivers 
solutions to address present and future global 
energy and health challenges. 

Its expertise and mastery of cutting-edge 
technologies enable Orano to offer its 
customers high value-added products and 
services throughout the entire fuel cycle. 

Every day, the Orano group’s 17,000 employees 
draw on their skills, unwavering dedication 
to safety and constant quest for innovation, 
with the commitment to develop know-how 
in the transformation and control of nuclear 
materials, for the climate and for a healthy and 
resource-efficient world, now and tomorrow.

Orano, giving nuclear energy its full value.
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