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BACKGROUND

GEN-IV Technology Roadmap: six systems identified for their potential to meet the new

technology goals to improve Safety, Sustainability, Economic competitiveness and

Proliferation resistance.

Three are Fast Neutron Reactors (FNR): two cooled by liquid metal, the Sodium-cooled fast reactors

(SFR) and the Lead-cooled fast reactors (LFR) and the Gas-cooled fast reactors (GFR). Molten Salt

Reactor (MSR) can also be designed as FNR.

Among Fast Neutron Reactor Systems, the SFR has the most comprehensive

technological basis as a result of the experience gained from worldwide operation

of several experimental, prototype, and commercial size reactors from the 1940s.

���� This experience corresponds to about 408 years of operation by end of 2012.

Education & Training is required to reinforce the capabilities of R&D, Design &

Operation of SFRs
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INTRODUCTION

Since the beginning of nuclear development, France has significantly 
contributed to the development of Sodium cooled Fast Reactors and of 
Liquid Metal technology

Due to the specificity of sodium technology, CEA (the French Atomic Energy 
Commission) has been in charge of developing specific courses in 
order to teach and transmit the associated knowledge and practice

This presentation aims at providing a description of :

� the French Sodium School located at the CEA Cadarache Research Centre
� the new training sessions, related to SFR, created within the framework of INSTN (*),
� The training sessions, organized for Europeans partners in CEA Cadarache

* Institut National des Sciences et Techniques Nucléaires.



SODIUM SCHOOL: MAIN OBJECTIVES

The objective of the sodium school is :
- To train engineers and operators able to work on

Sodium Fast Reactors

- To support R&D activities

Its role has always been to adapt its offer and its
content:

- to the changing requirements of reactor
operators,

- to the evolution of the context (support to
R&D, operation, decommissioning, new
projects,C.)

- to new “customers” Operators of Dynamo
experiments, Chemical Industry, Na
suppliers,C.



“SODIUM SCHOOL“ IN CADARACHE (ESML) 1/3

1975 : Creation of the Sodium School at Cadarache (Training of Phenix NPP

teams, training of R&D technicians and Engineers of CEA,#)

1980 : Accreditation by EdF - Electricité de France – French utility (Training 

of Superphenix NPP teams)

1984 : School opened to foreign companies or utilities (Training for SNR300

NPP team - Germany)

1989 : Training of Kobe (Japan) fire brigade (Harbour identified to receive Na 

for Monju)

1995 : Partnership with the INSTN (French Nuclear Teaching Institute)



“SODIUM SCHOOL“ IN CADARACHE (ESML) 2/3

1997 : Development of modular trainings (10 modules),

1998 : New set of modules more oriented towards decommissioning (theory and

practice),

1999 : Specific session for Chemical Industry (USA),

2000 : Cooperation with JAEA (Japan Atomic Energy Agency – Japan) to provide 37

lectures at Monju reactor (program schedule of 1 week per year during 5 years)

���� About 40 lectures given by CEA Engineers

2005 : Collaboration with FROSS (Fast Reactor Operation and Safety School) at Phenix

NPP; specific sessions related to technology& operational feedback (for CIAE-China,

Rosatom-Russia-Tacis,C), safety (IGCAR-India),C

Since 2007 : Partnership with INSTN to prepare new sessions related to SFR A new

module is under preparation on GENERATION IV SFR (Sodium Fast reactors) design

and main options: 3 new sessions (Sodium Fast Reactors, SFR design, Eranos), 1 in

preparation (SFR: operation)

2009: 1st European Session (within the frame of ESFR project): “Na behaviour &

Technology”, partnership ESML-INSTN-Europe

2010: 2nd European Session (within the frame of ESFR project): “ESFR:vdesign

methodologies, modeling tools and safety”, partnership ESML-INSTN-Europe

2012: Training actions for members of ASTRID consortium.



“SODIUM SCHOOL“ IN CADARACHE (ESML) 3/3

1997 : Development of modular trainings (10 modules),

Teaching and training activities on sodium technology are devoted to 

researchers, designers, operators and decommissioning staffs, firemenC

They include technical knowledge on:

Sodium physical and chemical properties, which influence strongly the technology and 

processes used in Research facilities and reactors.

Processes necessary for an efficient and safe operation: filling & draining operations, sodium 

purification, cleaning prior to repair, inspection-, decontamination, sodium treatment-

Instrumentation for operation and safety,

Design rules for Research facilities,

Sodium fires and sodium-water reaction-,

Systems description (such as sodium power plant design and operating conditions).

� Since 1997, continuous evolution of the contents. Taylored sessions for customers



THE “SODIUM SCHOOL”

Sodium School means

� All the people delivering courses at the
sodium school are engineers and
technicians involved in sodium activities in
CEA Departments or at PHENIX plant

� Quality teaching given by specialists

� Teaching and transmitting the sodium
technology knowledge is assumed both
through theoretical lectures and practical
exercises:

� Adapted means of communication

� Practice exercise test rooms, using sodium

circuits and specific instrumentation rooms

� Sodium fire area, for training exercises

� Cleaning area

Training on SUPERFENNEC

Training on sodium fire



TEN DIFFERENT SESSIONS

There are ten different sessions (from 1 to 5 day long), focusing on four main

purposes:

- physico-chemistry of sodium coolant (physical and chemical properties,

purification, corrosion, contamination, cleaning and analysis),

- sodium technology (commissioning and operation, description and operation

of components, instrumentation, visualization, inspection and repair, exercises:

operating and intervention on the sodium loop dedicated to Education &

Training),

- sodium safety (specific risks: sodium-water reaction, sodium fires, safety

rules, prevention, intervention, exercise on a real sodium fire),

- sodium decommissioning (specific risks , dismantling techniques, sodium

treatment, sodium waste storage, decommissioning of sodium and NaK

facilities).

�The complete library of courses is made of about 80 documents, 40 of them

being available in English. It is completed by a number of films and pictures,

and by the visit of existing R&D sodium platforms



PEDAGOGICAL APPROACH

� Teaching and transmitting the sodium technology knowledge is assumed both

through theoretical lectures and practical exercises.

� The number of trainees is limited for each session: not more than 20 for lectures

and not more than 12 for practical exercises (divided in 2 groups). This allows easy

and fruitful exchanges and discussions between trainees and teachers: free time is

also used for specific cases that the trainees would like to study.

� The final test of each session checks the proper improvement of each trainee

knowledge and understanding of sodium technology.

� The teaching activity of the sodium technology specialists is a small part of

their job: for most of them, it doesn’t exceed some dozens of hours per year. Of

course, the trainees can remain in touch with any of them after the session.

� Pedagogical quality is based on the interest of each teacher for the teaching art, but

also improved thanks to specific “teacher training”.

� The Pedagogical Council is in charge of general education: direction and

coherence of the teaching programs, quality of education (integration of feedback

experience). It is composed of nine members (1 INSTN and 8 CEA from Nuclear

Energy Directorate) who meet at least once a year
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EDUCATION & TRAINING RELATED TO SFR IN INSTN

Three training sessions were prepared successively since 2007, and launched,

within the frame of INSTN (National Institute for Nuclear Science and Technology):

o SFR: History, main options, design and operational feedback

o SFR: Functional analysis and design

o SFR: Safety and operation

The duration of each session is one week.

Two other training sessions also exist in the INSTN catalogue:
o SFR: Core physics

o SFR: Beginning with the ERANOS code system

The duration of both sessions is one week. Respectively 21 and 35 trainees have

followed this two training sessions between 2008 and 2011.
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GENERAL SESSION ON FAST REACTORS

� One-week training session about SFRs, called “SFR: history, main options,

design and operational feedback”, held in the INSTN since 2007. Around 180 trainees,

which come mainly from French nuclear industry, followed this session, which occurs

twice a year. Eleven occurrences have been held in the INSTN Cadarache.

This session enables a trainee:

- to discover the main options that exist concerning the SFR,

- learn the history of the different projects in France and in the world, and

- take into consideration the large feedback that exist in the world on SFR.

� Every lecture is made by an expert in the field. Lecturers come from EDF, AREVA,

CEA, and IRSN.

� Dialogue takes a large place during the week. The last day, a round-table conference

takes place between the trainees and a representative from EDF, AREVA, IRSN and

CEA. During this round-table conference, trainees can ask all the questions that remain.

� Main topics: history of SFRs, Gen IV requirements, main design options, fuel cycle, core

design, heat transfer, thermo-hydraulics in SFR, Na quality control-.

� Important place for the very important and valuable feedback earned during the

operating of RAPSODIE, PHENIX, SUPERPHENIX and other SFRs around the

world. Notions are then given on the fuel cycle. Visits are organised including sodium

school, Na facilities and PHENIX reactor.
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SFR: FUNCTIONAL ANALYSIS AND DESIGN

Second one-week training session created in 2008, once a year, called

“SFR: functional analysis and design”,.

� More specialized and oriented towards design of the reactor.

� Around 70 trainees, only from EDF, AREVA and CEA,

� This session enables a trainee to discover all the required functions of the SFR.

As for the first session, every lecture is made by an expert in the field, coming

from EDF, AREVA and CEA.

� One lecture for one function.

� Topics:

- nuclear heat source, with fuel design and reactivity control;

- sodium flow with mechanical pumps;

- heat extraction by primary Na;

- thermal exchange with Na-Na, Na-H2O, Na-gas exchangers;

- Energy Conversion System; DHRS;

- Fuel Handling System

- ISI& Repair,

- control of sodium quality; minimization of dosimetry and safety,..

� 3 visits organized during the week: MASURCA, Na R&D, Laboratories
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SFR: SAFETY AND OPERATION

A third one-week training session created in 2010, called:

“SFR: safety and operation”.

This session mainly rely on SIMFONIX, a PHENIX simulator, based in PHENIX, Marcoule, but

organized by INSTN Cadarache.

Around 60 trainees, which come mainly from French nuclear industry, followed this session,

which occurs thrice a year. Seven occurrences have been held.

Session divided in two parts:

- first part: lectures, such as safety general principles, description of PHENIX power

plant, neutron physics;

- second part: oriented toward the operation.

� More than half of the training time takes place with the simulator.

� Group: cannot exceed 10 trainees.

� Lecturers: a small team of former PHENIX operators and engineers.

Their very important knowledge provides a lot to the training session.

� Trainees put in situation in front of the simulator by instructors that play

sequences as:

- sub-critical approach, normal, incidental and accidental transientsC

- the group of trainees forms a team that has to bring the NPP back to a normal

operation.

�It also enables comparisons between SFRs and PWRs.

� PHENIX reactor is visited in details during the week.
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Full scope simulators

A nuclear reactor simulator is a tool that can meet both needs, training and 

education. 

The first historically required operator training, which has led to the realization 

of simulators called "full scope" reproducing perfectly control rooms of reactors 

to put operators in situation with respect to all possible steering scenarios.



It exists in the area of training a second need that meet simulators 

called " basic principles simulator " 

This kind of simulator is used in engineers courses as a 

complement to theoretical classes: 

� practical work on simulator can help to understand the effects of 

constraints governing the operation of a reactor (inertia, 

feedbacks, regulations...) 

� or put into practice the theoretical knowledge (eg. sub-critical 

approach). 

INSTN uses this type of simulators for training on PWRs and it is to 

meet this need vis-à-vis the SFR that the SIMPHONIX simulator of 

PHENIX is currently used.

Basic principles simulator 



Due to obsolescence, the sustainability of the SIMFONIX simulator used 

today in the frame of INSTN training is not guaranteed, so it was decided 

to make a basic principles simulator. 

This easily configurable simulator will be deployed on multiple machines 

in a network and multi-screens in the INSTN, but may as well be, as a 

tool for self-training, on a single PC for design engineers to acquire 

practical knowledge of the operation of sodium cooled fast reactors.

The operating code used as the core of the simulator is the CEA code 

DYN4G. The imagery is developed on the reactor SUPERPHENIX 

datasets which is fully available (regulation and protection system).

The simulator reproduces phenomena in real time and modeled the 

behavior of systems in all operating conditions: normal, incidental and 

accidental. The dynamic behavior of the material is reproduced in 

particular time constants of the measures, time of valves opening and 

closing, inertia of the rotating equipment.

Basic principles simulator 



Basic principles simulator 



The simulator reproduces phenomena in real time and modeled the 

behavior of systems in all operating conditions: normal, 

incidental and accidental. The dynamic behavior of the material is 

reproduced in particular time constants of the measures, time of 

valves opening and closing, inertia of the rotating equipments.

Slow transients can be represented in accelerated speed.

Each modelled system is described by a screen showing the circuit 

and the physical quantities characterizing the state of the circuit: 

temperature, pump rotating speed, positions of control rods, 

sodium levels, etc. and also the commands that affect the circuit.

The user can switch between at will one screen to another

Basic principles simulator 
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EUROPEAN SESSIONS (CP-ESFR)

2 European Sessions dedicated to Sodium Fast Reactors, have been organized

within the frame of CP-ESFR project (7th Framework Project, European Commission

DG12) in Cadarache, in partnership with Sodium School, PHENIX and INSTN.

� In November 2009, a one week training session dedicated to SFR was held in Cadarache.

Session was related to the following items: history of SFRs, thermal-hydraulics,

technology and instrumentation, physico-chemistry, material, safety-.

Teachers came from CEA, EDF, AREVA, IRSN, KIT, IPUL, NRI-

- 37 attendees came from 18 organizations.

� In November 2010, a second session, focused on design methodologies, modeling tools

and safety, was held in Cadarache.

It addressed the following items: safety approach, core design, fuel, thermal- hydraulics,

codification RCC-MRx, design of main components, continuous monitoring and

periodical inspection, Na-water interaction, Na fires, impact studies, ASTRID

project-

- Teachers came from CEA, EDF, AREVA, IRSN, KIT, HZDR, and

- 44 attendees came from 19 organizations.

These sessions allowed to increase the links between all European attendees. |  PAGE 29



PARTNERSHIP WITH EUROPEAN UNION: EDUCATION & TRAINING

For CP-ESFR : 5 Seminars

�Seminar N°1: « SFR: Na behaviour & Safety »

Cadarache INSTN: 2009 Nov. 23rd to 27th

���� 25 Teachers & Educators from France(CEA, 

IRSN, EDF, AREVA), Germany, Czech Republic 

and Latvia

���� 37 Trainees from Engineering Companies, 

Universities,C from Czech Rep. European JRC, 

France, Germany, Hungary, Italy, Latvia, 

Netherlands, South Korea, Spain, C Seminar N°2: In Cadarache: 

SFR design: methology & 

tools (End of June 2010)
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Education and Training:

- a key element for the future of the development of Sodium Fast 

Reactors, and more particularly ASTRID project.

- a tool to create a new generation of skilled nuclear engineers in the 

field. 

- a unique mean to share basic knowledge, operational feedback, 

safety approachs,

The two entities aimed to deliver Training sessions, ie Sodium School in 

Cadarache, and INSTN-Cadarache, are ready: 

- to conceive and propose taylored sessions,

- to collaborate with other foreign Education and Training Entities.

CONCLUSION



Thank you for your kind attention
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