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INTRODUCTION 

  Necessity to support operation of existing reactors, design activities for new 

projects,  decommissioning of old reactors, and dedicated R&D for these activities 

 Mandatory to develop skills, more particularly among the young generation, who 

will operate these new reactors.  

  Essential to share the knowledge among teams involved in Research and 

Development. Several strategies are developed at national level, or within multilateral 

framework, such as the EU or the IAEA to support the development of Fast Reactors.  

  

  These Education and training Initiatives are generally focused on some main tracks:  

 

   

 

 

  

  Several organizations have developed specific Sodium Schools, to support a large need 

of Education and Training focused on Sodium Technology.  

  Most of the organizations are strongly connected to Universities,… 

 

 Let’s go for an overview of some major actions carried out to develop Education & 

Training for SFRs 
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  -Sodium Fast Reactors and Generation IV requirements, 

  - Sodium properties and consequences on technologies, 

  - Core design, neutronics and physics, Fuel development, 

  - Material Issues,  Safety approach for SFRs, 

  - Modeling and simulation, Support to operation of SFRs 

  - Decommissioning and dismantling… 



 - Criticality of CEFR achieved for the first time on July 21st, 2010.  

 - Start-up to increase CEFR thermal power from Feb 9th, 2011.  

 - First CEFR connection to the grid at 40% of Pn on July 21st, 2011, 

 - Since, CEFR in a state of cold shutdown for conducting the inspection acceptance 

procedure by the National Science and Technology Ministry and the Science and Industry 

Bureau of the National Industry and Information Ministry.  

  Na of primary and secondary reactors both kept at around 230℃ and their 

plugging temperature are maintained about 105℃. 

 - CEFR planned to to reach its thermal capacity of 65MW in June 2013.  

 - Meanwhile, the 600MWe Demonstration Fast Reactor under design.  
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China: background 

 CEFR: one of the first 16 national 

energy R&D centers in China 

awarded by the National Energy 

Administration on January 1st, 2010 

and named Fast Reactor Research 

Center. 



 In the following 5 years, 3 new laboratory buildings will be set up:  

  

 F-202: A large scale sodium loop experimental platform will be set up 

for acquiring the hydraulic characteristics of sodium pump, sodium 

valves, sodium meters and so on. 

 

 F-203: A building to analyze all kind of impurities in Na,  

 cover gas and water from the third loop, to study and  

 test materials for fast reactors and performance of the 

 latest materials in operation. 

 

 F-204: A building to study sodium fire, sodium-water reaction and 

treatment of sodium wastes and its disposal:  

  

|  PAGE 4 

New facilities for R&D and Training 

- development, mechanisms and consequences of pool, spray and mixed Na fire, 

- programs to fight against the Na fires  

- real-time monitoring, fireproof methods & releasing steps from consequences of Na 

fires, 

- monitoring and control methods for the Na-H2O reaction,. 

- Na disposal processing, removal of DH, removal of H2, solidification of radioactive 

waste and so on. 



 Objectives of the laboratory buildings mentioned above: 

 - to guarantee CEFR safe and steady-state operations,  

 - to support engineering applications of CEFR,  

 - to follow-up fast reactor design,  

 - to train new operators and researchers on new Na technology.   

 In general, the trainees are from the nuclear energy or alkali metal industry fields. 

  

  

  

  

  

  
 

 

 Trainees dismantling a pipe of a sodium and potassium alloy loop 
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Education and Training  



 - Main objective: to build a Generation IV reactor ASTRID (Advanced 

Sodium Technological Reactor for Industrial Demonstration) 

 - Important and fast increase of R&D work, orientated towards the design 

and conceptual evaluations, in support to ASTRID.  

 - Three reactors currently being dismantled: Rapsodie,  Phenix and 

Superphénix.   

  necessity to support these activities and to promote Education and 

Training Initiatives:  

  - To support this requirement: 

       - ESML (Ecole du Sodium et des Métaux Liquides) (Cadarache) 

       - EC (Ecole des Combustibles), (Cadarache) and  

       - INSTN (Institut des Sciences et Techniques Nucléaires)  

  are the key schools to support the development of SFRs.  
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France: background 



 Initial goals of the Sodium School (ESML):  

 - to synthesize knowledge,  

 - to share it between CEA Na facilities operators,  

 - to train operators able to work on SFRs Rapsodie and Phénix,  

 - to train design engineers involved in Superphénix project and 

 - to train fire brigades.   

  Its role has always been to adapt its offer and its training content to the changing 

needs for reactor operation, experimentation and for design activities.   

 Trainees usually belonged to French companies such as CEA, EDF, AREVA, Technical 

Safety Research Institute (IRSN), or any companies involved in sodium activities belonging 

or not to the nuclear industry.   
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Today: ten different sessions (from 1 to 5 days) focusing on four main subjects:  

physico-chemistry of Na coolant : physico-chemical properties, purification, corrosion, contamination, 

cleaning & analysis,  

sodium technology: commissioning and operation, description and operation of components, 

instrumentation, visualization, ISIR, exercises : operating and intervention on the Na loop dedicated to 

Education & Training), 

sodium safety (specific risks : Na-H2O reaction, Na fires, safety rules, prevention, intervention, exercise on 

a Na fire, 

sodium decommissioning (specific risks , dismantling techniques, sodium treatment, sodium waste storage, 

decommissioning of Na and NaK facilities). 

Sodium School (ESML) 



 At the early stage of its creation (1975), ESML intended to be  

 opened to foreign countries.  

 Specific training sessions provided for: 

 - German SNR300 operators (1983) (RFA),  

 - Japanese operators for the first start-up of Monju reactor (90’s) (Japan) 

 - KAERI researchers (Rep of Korea) 

 - Chinese operators of CEFR (China)* 

 - IGCAR Researchers and operators (dedicated to Safety) (India)* 

 - BN600 Operators (TACIS project) (Russia)* 

 - PFR and DFR decommissioning project  teams (UK).   

 - Chemical industry, such as Union Oil Products (USA)… 

 (* : in partnership with PHENIX Reactor ) 

  

  The pedagogical approach consists in a combination of various educational 

means: lectures, discussions and Training on a Sodium loops. 

  

 Since 1975, more than 5000 trainees from more than 50 companies or Institutions 

from France and abroad have received a training at the Sodium School.  
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A school open to the world of SFRs: 



Within the frame of INSTN (Institut National des Sciences et Techniques Nucléaires) 

(http://www-instn.cea.fr),  

 three new sessions were successively prepared since 2007 and launched: 

 - SFR history, main options, design and operational feedback: 

 - SFR functional analysis and design;  

 - SFR safety and operation. 

 Sessions focused  to the orientations of the Generation IV forum including the main 

design options, operational feedback experience, circuit and plant operation with 

emphasis on transients, safety and commissioning aspects, and finally visit of the 

PHENIX reactor.  

 Sessions dedicated to EDF, CEA, AREVA, IRSN engineers, researchers, PhD…. 

Two other training sessions also exist in the INSTN catalogue: 

 SFR: Core physics 

 SFR: Beginning with the ERANOS code system 

New Sessions in preparation 

 The duration of both sessions is one week.  
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Education on SFR in INSTN-Cadarache 

INSTN-Cadarache 

http://www-instn.cea.fr/
http://www-instn.cea.fr/
http://www-instn.cea.fr/


  INSTN (Institut National des Sciences et Technologies Nucléaires), 

develops its own Nuclear Engineering Master level (or specialization) degree 

and a catalogue of more than 200 vocational training courses. 

   

  France has an important nuclear teaching platform organized around 

engineering schools, universities, research laboratories, technical schools 

and also nuclear companies or dedicated entities, for professional training. 

  In this context, I2EN, the International Institute for Nuclear Energy 

http://www.i2en.fr set up in 2010, is federating French entities delivering 

high level curricula in nuclear engineering and science and is promoting the 

French offer for education and training in partner countries. 

 Topics:  
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Education for students 

.                                 

Safety, design and operation of nuclear reactors, materials, instrumentation and 

radioprotection, decommissioning, waste management, fuel cycle…. 

http://www.i2en.fr/
http://www.i2en.fr/
http://www.i2en.fr/


 - Second stage of the Indian Nuclear Power Programme, piloted by Indira Gandhi Centre Atomic 

Research (IGCAR):  development and expertise in sodium cooled fast reactors and associated 

fuel cycle technologies.   

 - Fast Breeder Test Reactor: successful operation for the last 27 years, 

 - Prototype Fast Breeder Reactor (500 Mwe):  advanced stage of construction and 

commissioning.  

 - A robust R&D base encompassing all the disciplines established at the IGCAR.  

 - Collaborative research is being pursued in identified areas, to enhance the R&D capabilities 

available with various academic institutes (e.g. Indian Institute of Technology, Indian Institute of 

Science etc.) across the country,  

 - Several projects with well-defined expected outcomes being pursued with active participation from 

the scientists from IGCAR.  

  Need to increase skilled manpower for the critical assignments to take up challenges in the 

design of plant, development of equipment and processes.   
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India: background 

Dr. Homi Jehangir Bhabha, envisaged the Training School programme at BARC, as early 

as 1956, in order to meet the growing demand of skilled manpower to take up the challenging 

assignments in the Department: 

  - the training school programme has been adapted by various Units of DAE with special 

emphasis to specific requirements of the Unit like R&D in mission programmes of the 

Department or operation, maintenance and management of plants.  

 - development of specific programmes to meet the requirement of trained technical 

manpower for operation of reactor and reprocessing plants.  



 To meet the challenges of developing safe, economically competitive and advanced 

Fast Reactors and associated closed fuel cycle technologies: 

 

 Training School for fresh engineers/science post-graduates started in Sept 2006. 

Initially, training programme conducted in three disciplines : 

  Mechanical, Electronics & Instrumentation and Chemical engineering  

 with orientation towards Fast Reactor and Closed fuel cycle technologies.  

 

  Realising the need for emphasis on challenging issues related to Reactor Physics, 

Safety, Processing of nuclear materials,reprocessing etc. two additional disciplines: 

   Nuclear Reactor Physics and Nuclear Fuel Cycle Chemistry.  

 

  To take up challenges in R&D in Metallurgy, Training now added on 

   Materials Science.  
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- Fast Reactor Physics and engineering,  
- Chemistry and Chemical Engineering,  
- Computer Science, Electronics and Control  
- Instrumentation,  
- Materials Science and Engineering, 
- Reactor Safety.  

 

Main fields of education 



Main characteristics of Training School:  

 - no permanent teaching staff, 

 - teachers:  working scientists and researchers in their chosen fields of expertise  

 - opportunity for teachers to put forth their research problems in the classroom.     

 - contributions from other Units of DAE and from neighbouring academic institutions.  

 - continuous education process, 

 - security of job, to those selected for training: to  ensure their commitment, 

 - tacit knowledge shared and cultivated,  

 - continuity of intake and training setting a “Chain Reaction” ensuring availability of  

trained manpower at all times.  

 - Training School courses periodically reviewed and updated to keep up with the 

latest advances and tensuring supply of expert manpower according to changing 

nature of the requirements of the Department.  
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“We believe that the approach to solve most of the challenges is by practicing science based 
technology which is based on solid foundation of physics, chemistry and engineering. This 
approach would enable us to achieve breakthroughs, and also provide for an adequate 
resilience in front line technologies”.  

Main characteristics of Training Schools:  



  

Two “tools” for education:  

 - a dedicated Training Centre for training of the supervisors and technicians on:  

  -  mechanical, electrical & instrumentation shops and working models   

  - radiation protection and reactor operation/maintenance. 

 - a Na School: 

  - for training programmes in sodium related studies, handling sodium and 

 focused on safety issues. 

  - for young Engineers/Scientists directly related to Design, Development and 

 Safety of FBR Technologies and personnel from Industries and collaborative 

 institutes.   

  - lectures and practical demonstrations provided in Labview and dedicated 

facilities for key safety experiments such as sodium spray or pool fire, Na-H2O 

reaction, sodium-concrete interaction, sodium leak, sodium fire mitigation, etc 
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Time (ms) Sodium spray fire scenario 

Two Training Schools 



 - After the Great East Japan Earthquake and the accidents of Fukushima-Daiichi NPS in March 2011, 

all the 54 power generating nuclear reactors in Japan have been down by mid-2012. Only the Ohi unit 

3&4 were restarted to relax the power shortage from the summer of 2012.  

 - Restart of the other nuclear power stations in a safety-enhanced manner is a hot issue of debate still 

at the end of 2012. 

 - Monju, (280MWe prototype): zero-power Core Confirmation Test (CCT)                                                       

                   completed in July 2010 as a part of the System Start-up Test (SST).  

 - At the retrieving, the in-vessel transfer machine (IVTM) dropped about 2m. 

  Broken IVTM restored and a new IVTM deployed in August 2012.  

 - Monju can resume the 40%CT following the new research plan authorized by the Ministry of 

Education, Culture, Sports, Science and Technology (MEXT) through 2013.  

 - The Research Plan: considered to be a part of the governmental reply to the national debate on 

the future nuclear energy in Japan triggered by the Fukushima Daiichi accident. 

 - JOYO: replacement of Control plug foreseen end of 2013 damaged in 2007 during MARICO-2 

experimental assembly handling. 
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Japan: background 

Bodhisattva Monju 



 During the long time suspension of Monju operation since the sodium leak accident 

in 1995, the Education & Training for operators and maintenance staff of Monju 

have been continued to keep and upgrade their abilities.  

  The Na handling training facility, the maintenance training facility and the 

Monju Advanced Reactor Simulator (MARS) were used for the training.  

 

 

 

 

 

 

 

  

  

  

  The facility described above has been opened for engineers and 

researchers of the U.S., China and Korea, occasionally. 
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 In the Na handling training facility, trainees learn: 

- measurements of physical-chemical properties of sodium, 

- extinguishment sodium fire,  

- sodium loading, sodium purification and general operations.  

 Total number of trainees approximately 240 in 30-40 courses, annually. 

  

 At the maintenance training facility, trainees learn: 

- control rod driving mechanism, electricity control panel, instrumentation 

- fuel handling and storage, operation and maintenance of water/steam system 

- inspection and maintenance of the mechanical seal of Na pumps. 

 Total number of trainees approximately 60-80 personnel in 10-15 courses annually. 

Na training Units 



 Since April 1991: MARS has been contributing to personnel development of Monju 

operators prior to the Monju pre-operation test.  

 MARS: a full scope type simulator, which faithfully duplicates all main control panels and 

partial local panels, which are located in a central control room.  

     - In MARS three kinds of computers: a plant computer; a main process computer; a process 

linkage (input/output) control unit.  

  

 

 

 

 

 

  MARS: a total of 320 training cases as malfunctions and 73 normal operation cases from 

standby operation mode to rated power operation mode including shutdown operation mode.   

  MARS: - a synthetic Na leak monitoring system as an extra system, in order to implement 

simulator training against Na piping leak incident in relevant environment.  

  - a Na leak scenario displayed on a CRT screen of the system, which is created by 

combining a three dimension computer graphic and an actual picture. 

 

 Approximately 750 man-courses of operators are  

 trained at MARS in almost 100 courses annually. 
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MARS simulator 

Plant computer consists of: 

- a dynamic computer for simulating plant behaviors in a real time simulation and 

- a front-end computer for controlling interlock actions and interface between the duplicated control 

panels and each computer via a process linkage control unit.  

- The system scope covers a reactor system, a main heat transfer system (HTS), an auxiliary system, a 

power supply system and so on.  



 - Role of nuclear power in electricity generation in Korea expected to be more 

important in the years to come in achieving energy self-reliance.  

 - Now 19 PWRs and 4 PHWRs in operation, 5 PWRs under construction and 4 PWRs in 

preparation.  

 - Fast Reactor system recognized as one of the most promising 

  nuclear options for electricity generation with an efficient  

 utilization of uranium resources and a reduction of radioactive waste 

  from nuclear power plants.  

 - Long-term R&D action plan for the Advanced SFR and the 

  pyroprocess authorized by the Korea Atomic Energy Commission. 

  (in December 2008, then plan revised in November 2011) 

   Specific design of a prototype SFR by 2017, specific design approval by 2020, and 

construction of a prototype SFR by 2028.  

  SFRA (Sodium cooled Fast Reactor development Agency, affiliated to KAERI) 

organized on 16th of May, 2012 with the goal of acquisition of design certification for 

PGSFR (Prototype Gen IV SFR).  

  a phase change in SFR development program from key technology development in 

the past to overall system engineering including SFR system (NSSS and BOP) design 

and optimization, integral V&V tests, major component development, etc.  

  SFRA: a role of funding and managing the PGSFR project including NSSS, BOP, 

Component Design, and the Development of the Related Technology,  
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Rep. of Korea: background 



 A large-scale sodium thermal-hydraulic test program called STELLA 

(Sodium Test Loop for Safety Simulation and Assessment) being 

progressed by KAERI.  

 - First step of the program, the sodium component test loop called STELLA-1 

already constructed: to be started for operation within 2013,  

 It is to be used for demonstrating thermal-hydraulic performance of major 

components such as heat exchangers and mechanical sodium pump and their 

design code V&V.  

 - Second step of an integral effect test loop called STELLA-2 to be constructed 

to demonstrate the plant safety and to support the design approval for the 

prototype reactor.  

 

 

 

 

 

 

 

               Overall schedule of STELLA program   
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STELLA facility  



 - Some academic courses on Fast Reactors in universities.  

 - There are not any fixed periodically running program of education and training 

on Fast Reactors yet at KAERI. 

 - Several practical courses and seminars occasionally when necessary at 

KAERI.  

 - Some of KAERI staffs were trained in foreign sodium schools:  

  - 3 in French sodium school in 1993 and 2009 and 

   - 6 in Japanese sodium school in 2012.  

  There will be a strong need for the well-trained engineers and 

technicians in Korea for the operation of the test facilities and eventually of the 

PGSFR.  

  For the time being, the training related to the sodium technology would 

be done within the framework of international collaborations using the 

sodium loop facilities in the experienced countries in those fields.  

  But we have an intention to build a sodium training loop in Korea in the 

long-term future. 
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Status of Education & Training 



 - U.S.A:  a rich heritage of Fast Reactor technology 

development starting with Experimental Breeder Reactor-I 

(EBR-I) which first generated power on the electrical grid in 1956.  

 - EBR-I followed by the sodium cooled fast reactors: Experimental 

Breeder Reactor-II, Fermi-I, and the Fast Flux Test Facility.  

 - Policy decisions in the 1980’s changed the direction of the U.S. 

fast reactor technology development away from large monolithic 

sodium-cooled fast reactors to modular sodium-cooled fast 

reactors under the Advanced Liquid Metal Reactor (ALMR) 

program: 

  - General Electrical Power Reactor Innovative Small 

Module Reactor  

  - Atomics International Sodium Advanced Fast Reactor.  

   These advanced reactors were developed to the 

conceptual and advanced conceptual design stages.  

 - Global Nuclear Energy Partnership (GNEP) program, initiated 

by the U.S. in 2008, reinstated the United States sodium-cooled fast 

reactor development program (Commercialization of FR technology 

by 2050.  

 - This Fast Reactor R&D program continues to this day under the 

Department of Energy’s Advanced Reactor Concepts 
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U.S.A. background 

EBR-I 

EBR-2 

FFTF 

(ARC)  program.  

//upload.wikimedia.org/wikipedia/commons/f/f4/FFTF_1a-041403_large.jpg


  Under the GNEP and ARC programs, DOE recognized the need for educating 

students, professors, and other nuclear professionals in understanding fast 

reactor technology.  

  Starting under the GNEP program, a series of multi-day workshops held with the 

U.S. regulatory staff that included such topics as sodium as a coolant, fast reactor 

materials, fast reactor safety, among others.  

 

 

 

  

  In August 2010, Argonne initiated a taylored workshop for many U.S.A. 

University professors on “Fast Reactor Technology” (where the coverage is often 

limited or outdated in most nuclear engineering textbooks). 

 The current R&D programs sponsored by the Department of Energy maintain this 

expertise in the National Laboratories.  

  However, the means to capture this knowledge for educational purposes is not clear. 

Therefore, to explore this issue, a very successful Fast Reactor Curriculum Workshop 

was held on August 30 – 31, 2010 at Argonne National Laboratory.  

  Since this workshop, U.S. national laboratory personnel have been conducting 

tailored workshops at various universities on FR technology related topics. 
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Research and Education in USA on SFR 

Purpose of the workshops summarized as follows: “The education & training of future generations 

of nuclear engineers is acknowledged as a key challenge facing both the revitalization of nuclear 

energy and continuation of world-class research and development in the United States.”  



  DOE promotes nuclear power as a resource capable of meeting the Nation's energy, 

environmental and national security needs, by resolving technical and regulatory 

barriers through research, development and demonstration.  

 The University program’s objectives are to support outstanding, cutting-edge and 

innovative research at U.S. universities by: 

  - Attracting the brightest students to the nuclear profession and supporting 

 the nation's intellectual capital in nuclear engineering and relevant nuclear 

 science,  such as health physics, radiochemistry and applied nuclear physics. 

  - Revitalizing nuclear education by integrating research and development 

 (R&D) at universities, national laboratories and industry, 

  - Improving university and college infrastructures for conducting R&D and 

 educating students. 

  - Facilitating the transfer of knowledge from the aging nuclear workforce 

 to the next generation of workers. 

   About 20% of DOE’s nuclear energy budget provided to support the university 

nuclear research programs.  

 For SFR technology development, the university program has provided funding for 

Ph.D. candidate students at the University of Wisconsin to develop a sodium test 

loop for the testing of advanced materials in sodium. For this project, one of the 

students developed an innovative moving magnet sodium pump and another student is 

working on oxygen sensor development for sodium applications. 
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Research and Education in USA on SFR 



 Along with the classroom training of young engineers, the ARC program is also 

conducting research and development on various advanced technologies:  that 

support the commercialization of fast reactor technology by 2050.  

  

 This FR technology R&D includes: 

 - advanced structural materials,  

 - advanced systems and components,  

 - compact reactor core configurations,  

 - innovative energy conversion systems,  

 - technologies for in-service inspection.  

  To support the technology development activities listed above, sodium facilities 

developed or being developed to investigate : 

 - sodium plugging phenomena in small channels of compact heat exchangers,  

 - effects of sodium freeze and thaw in these small channels,  

 - ability to drain compact heat exchangers,  

 - testing of under-sodium viewing technology,  

 - testing of mechanisms and other components (in Mechanisms Engineering Test Lab).  
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Dump tank

EM flow controller (x3)

Test section (x3)

EM flow meter (x3)

Expansion tank

EM flow meterEM pump

Economizer

EM flow meter

Cold trap

FR technology R&D  



 The International Atomic Energy Agency (IAEA) - as independent intergovernmental, 

science and technology-based organization that serves as the global focal point for 

nuclear cooperation,  

  promotes and supports education and training programmes for the safe, secure 

and efficient development of the nuclear field: 

  - offers a wide spectrum of activities in support of education, training, human 

resource development and capacity building, including interregional, regional and 

national training courses and workshops.  

  - supplies training materials and training services and tools (e-learning, on-

line courses... 

  - carries out internship programmes for the younger generations. 
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IAEA: background 

The Department of Nuclear Energy, often in collaboration with the Department of Nuclear 

Sciences and Applications and the International Centre for Theoretical Physics (ICTP) in 

Trieste, secures education and training in the field of fast neutron system physics, 

technology and applications, thanks to the contribution of experts from the Member States.  



- School on “Physics, Technology and Applications of Innovative Fast Neutron 

Systems”, in collaboration with ICTP, Trieste, 9 – 20 November 2009 

- Workshop on “Nuclear Reaction Data for Advanced Reactor Technologies”, in 

collaboration with ICTP, Trieste, 3 – 7 May 2010 

- Workshop on “Codes & Standards for Sodium Fast Reactors”, Beijing, 

6-8 July 2010  

- Education and Training Seminar/Workshop on Sodium-cooled Fast Reactors 

Science and Technology, San Carlos de Bariloche Argentina February 2011 

- Workshop on Environmental Degradation of Components 

 in Nuclear Power Reactors (including fast neutron systems), 

 in collaboration with ICTP, Trieste, 5-16 March 2012  

- Education and Training Seminar/Workshop on  

Fast Reactor Science and Technology,  

San Carlos de Bariloche Argentina October 1-5 2012 
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Schools & Workshops 

Within the frame of its numerous activities in the field of Fast Reactors, several 

initiatives related to Education & Training have been carrying out; the most recent ones 

are the following: 

As biennial Education & Training course in the field, the IAEA is organizing a School 

on Physics, Technology and Applications of Innovative Fast Neutron Systems and 

Related Fuel Cycles, which will be held at ICTP-Trieste in September 2013. 



  IAEA is launching a new Coordinated Research Project (CRP) on " Sodium Properties 

and Safe Operation of Experimental Facilities in Support of the Development and 

Deployment of Sodium-cooled Fast Reactors (NAPRO)". The CRP proposal has been 

definitely approved by IAEA. (Kick-off in July 2013 for four years) 

 Three main goals:  

 - Assessment  of the consistency of the Na physical, physico-chemical and thermo-dynamic 

properties. (Need for a consistent and up-to-date handbook of sodium property data for use by IAEA 

Member States). 

 - development of an international effort focused on obtaining and sharing design approaches 

and  (main) guidelines for sodium facilities operation. 

 - Recommendations of best practices for operation and safety of sodium experimental facilities.   

  then necessity to disseminate the knowledge among partners and Universities 

(by Education and Training) 
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Best practices for safety 

 

Prevention & mitigation 

 of Na leaks, Na fires  

 

Assessment of:  

- Na impact in the environment  

after accidental release,  

- hydrogen hazards  

in cleaning facilities  

Guidelines and good practices  

for Na facility   

design & operations: 

 

 

    - fill and drain, purification,  

    - out-gassing prior to filling, 

    - Na storage,  

    - component handling,  

    - drying of sodium piping / repair,  

Na  property data : 

 

- physical properties 

- surface tension (wetting) 

- saturation vapour pressure 

- emissivity  

- ternary oxides in sodium, 

- solubility of metallic impurities 

- diffusivity of metallic 

impurities 

- …. 

CRP IAEA: NAPRO 



 In Europe, the Strategic Research Agenda (SRA) of the 

  Sustainable Nuclear Energy Technology Platform (SNETP) 

 (100 stakeholders from industry and research organisations) 

 has selected three Fast Neutron Reactor systems as a key structure in the deployment of 

sustainable nuclear fission energy.   SFR is the reference technology. 

 

 

 

 

 

 

 

 

 Several Education and Training initiatives are organized with the support of the 

European Commission to the European Nuclear Education Network (ENEN), and within 

the frame of projects co-funded through the Euratom Framework Program (FP). 

   ENEN (European Nuclear Education Network Association) network http://www.enen-

assoc.org established in 2003 to preserve and further develop expertise in the nuclear fields 

through higher education and training.  
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Europe (EU) : background 

- ENEN currently has over 60 members, mainly in Europe. This objective is realized through the co-operation 

between universities, research organizations, regulatory bodies, the industry and any other organizations 

involved in the application of nuclear science and radiation protection.  

- ENEN fosters student’s mobility in Europe and beyond. 

  ENEN Association) http://www.enen-assoc.org (established in 2003) to preserve and further develop 

expertise in the nuclear fields through higher education and training 

http://www.enen-assoc.org/
http://www.enen-assoc.org/
http://www.enen-assoc.org/
http://www.enen-assoc.org/
http://www.enen-assoc.org/
http://www.enen-assoc.org/


  European Commission’s FP7 project CP-ESFR (Euratom): 

 

 Since 2009, five European Sessions dedicated to Sodium Fast Reactors have been organized by: 

 - ESML in CEA-Cadarache in France (2),  

 - University of “La Sapienza” in Italy,  

 - Karlsruhe Institute of Technology (KIT)  

 - University of Madrid (Spain).   

  More than 120 trainees and PhD students were welcomed during these five Sessions.  

 

  Within the frame of the new project ESNII+, a large effort dedicated to FNR cooled by sodium, 

lead and gas is foreseen.   

 Eight Seminars and two Summer Schools have been defined and will be organized through Europe 

between 2014 and 2017, dedicated to various topics such as: 
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Education & Training within CP-ESFR and ESNII+ 

- Fuel properties & Fuel transient tests; 

- Core neutronic safety issues; 

- Instrumentation for Fast Neutron Reactors; 

- Thermal-hydraulics and thermo-mechanical issues; 

- Mitigation of seismic risks; 

- Coolant physico-chemistry and dosimetry, & quality control strategy 

- Safety Assessment of Fast Neutrons Reactors; 

- Severe accidents in Fast Neutron Reactors; 

- Sitting and Licensing of Fast Neutron Reactors. 



 

 

 

  

 

|  PAGE 30 

Conclusions 

National and international organizations currently undertaking Education & 
Training activities in the field of SFR and presented in this paper are also very 
keen to collaborate and to share their own experience, thanks to common 
initiatives and invitation of foreign teachers, as well as to launch common 
initiatives for the highest benefit of the entire SFR community.  

The results of these ambitious and long term strategies are:  

 

 - first the creation of a new generation of skilled nuclear engineers in the field.  

 

 - secondly a share of knowledge gained through experimental studies 

 carried out in research laboratories as well as feedback from fast reactors 

 operation, 

  

 - thirdly a standardized information on safety  

 

 - and finally the creation of a “Sodium Fast Reactor community” is promoted, 

 able to debate, share the knowledge and suggest new tracks for a better 

 definition of design and operating rules. 



 

 

Thank you for your kind attention 
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