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Experience with sodium technology

Experience in various fields

• In the field of industry, with MSSA (Alkali metal production: world’s number one producer) 

(MSSA has provided high grade sodium for the following reactors French reactors, MONJU 

(Japan), BN800 (Russia), PFBR (India) and some experimental facilities (DRESDYN, …)

• In the field of energy, sodium is used as coolant (liquid metal form) and heat transfer in 

particular in sodium fast reactor systems, solar CSP, batteries, Dynamo experiments, spallation 

targets cooling…

• France has a lot of experience with liquid sodium operations: with Rapsodie, Phenix, 

Superphenix reactors (totalizing 64 years of operational period) but also with the different

experimental platforms in support of their development, since end of sixties

• Several thousand of tons of sodium have been handled for nuclear reactors

(worldwide, SFR operational period reachs more than 420 years)
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Network of European Na facilities 



French Experience with sodium technology

CEA experimental platforms (high temperature liquid sodium facilities

classiefied as environmentally regulated facility) – currently around 20 

facilities/test rigs using metallic sodium

Sodium loops:

DOLMEN, FUTUNA2, IRINA, VKS 

PEMDYN, VAIANA, MONARQUE, 

MECANA, PENELOPE, SUPERFENNEC,  

LIQUIDUS, CORONNA 1 & 2, CATANA

Water benches (prior to 

sodium tests):

VISIO, MUST, Strioscopy bench, 

NAQUALIGHT, MORTIMER, 

ACWABUL, IKHAR, CUMULUS

Gas facilities in support 

of SFR:

HEDYT

DIADEMO

(Na, PbLi, gas)

Other facilities:

MECI - SQUAT (SG tubes rupture), 

Ovens (850°C & 1200°C)

Sodium cleaning

or sodium/water reaction:

VAUTOUR, KALINA, MININANET2, 

CARNAC, SCORPION-ENCRINE

DESCARTES, LAVINO 
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French Experience with sodium technology – operation best practices

Sodium loops operations: main functions to implement
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French Experience with sodium technology

CEA experimental platforms (high temperature liquid sodium facilities)

Maximum Na inventory around 100 tons

More than 50 years of operation
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French Experience with sodium technology

CEA experimental platforms (high temperature liquid sodium facilities): 

• Specific technology knowledge including design rules and operation protocols

(from startup to deconstruction)

• Industrial companies in support to build and maintain the different loops

• Strong links with industrial companies

• In order to understand their needs

• But also to manufacture components and instrumentation using liquid metal

(A lot of sodium experimental loops in operation around the world and no catastrophic

report on sodium accident within the last 20 years)

Last huge project in France: ASTRID (Advanced Sodium Test Reactor for 

Industrial Demonstration)



French Experience with sodium technology – the technologies to be mastered

For its development, CEA relies on its good knowledge of sodium technology:

• Components design and operation

• Pumps

• Heat exchangers

• Valves

• Purification systems (liquid metal and 

cover gas outlet)

• Safety systems

• Instrumentation for: 

• Flowrate

• Temperature

• Pressure

• Local velocity

• Level

• Leak detection

• Chemical quality (O and H content)
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French Experience with sodium technology - main developed technologies

CEA role concerns either R&D but also engineering activities, among others: 

• For components development like

• large electromagnetic pumps

• sodium gas heat exchangers

• valves

in partnership with industrial companies

such as Toshiba and Framatome (e.g.)

• For instrumentation 

• Complete development and 

qualification tests

Compact plate technology 

with 100% manufacturing 

control
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French Experience with sodium technology – Examples of achievements
Electro Magnetic Pumps
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French Experience with sodium technology – sodium safe handling

Liquid sodium safe handling is achievable. 

It relies on several points: 

• A rigourous sodium loop design  design rules

• A rigourous sodium operation operation rules

• A good level in monitoring systems

• A well trained team in case of any intervention 

Possible with sodium education and training  sustainibility French 

sodium school (open to everyone)

 Safety rules (to prevent and 

mitigate the potential

consequences of an incident)



French Experience with sodium technology – loop design best practices

For sodium loops design: specific operational data have to be considered and 

participate to the loop safety:

• Leaktightness and cover gas quality

• Preheating of pipes and components

• Heating and insulation

• Sodium filling system (immersed pump, over 

pressure, intermediary reservoir, …)

• Sodium and cover gas movements

• Control and operation measurements

• Sodium purification performances

• Sodium drainage capabilities
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French Experience with sodium technology – loop design best practices

For sodium loops design: Main specific good design practices 

• Design rules  codes and standards: well documented
codes as RCC-MRx : 

• fatigue-creep rules for high T°C  law expressed in creep speed

• Methodology to characterize material out of code data base

• Leaktightness maintained at all times (assemblies 
preferably made by welding or validated seals)

• Total & rapid sodium drainage by gravity (positive/passive

safety functioning)

• Expansion possibilities for sodium and piping movements

• Choice of safety devices (valves, pressure relief, etc.)

• Detection of sodium leaks (with short time response)

• Detection of sodium fires and associated automatic
actions

• Sodium metallic catcher pan in case of leak (avoid Na/concrete reaction)

• Metallic walls in case of possible large sodium spray
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French Experience with sodium technology – loop design best practices

For sodium loops design: safety data to consider:

• Specific measures for some fluids (water, oxygen, hydrogen, etc.)

• Operator accessibility and evacuation means in the case of emergency 

• Special measures to protect operators and facilities according to the potential 

risks (mainly sodium fires) (in particular specific personnal protection 

equipment)

• Detection of Na/H2O reactions if components required it (e.g. in steam 

generator units)

• Distance between control room and sodium piping and reservoirs

• Ability to lead repair and maintenance activities (including components 

cleaning)
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French Experience with sodium technology – Examples of achievements
Non destructive examination/detection
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French Experience with sodium technology – Examples of achievements
Instrumentation
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French Experience with sodium technology – Examples of achievements
Instrumentation

Detection of small leaks (around 1 cm3.min-1) within few minutes or few tens of minutes 

depending on the conditions
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French Experience with sodium technology – Examples of achievements
Purification systems

Design of different cold traps units

• From classical ones

• To optimised ones

Tools for modelling of the different transfers (mass, momentum and heat)



French Experience with sodium technology – Examples of achievements
Compact heat exchangers
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Schematic diagram: reduced number of channels represented
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Focus on sodium fire risk – main steps of evolution
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French Experience with sodium technology – Examples of achievements
Training at the sodium school

In-depth training session

Sodium technology and loop operation 
(2 options : 5 or 8 days)

Practical training modules 

Intervention on sodium loop
2 days

Sodium circuit 

operation
3 days

Sodium purification
3 days

Basic training

Sodium safety and risk control
1 day

- Sodium facility 

dismantling (5 days)

- Cleaning and 

decontamination of 

components  (3 days)

- The characteristics of 

NaK and its associated 

risks

(3 days)

Sodium 

decommissioning 

training programme :



Thank you for your kind attention

2 septembre 2020
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