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THE ESFR SMART PROJECT 

 

After the EFR (European Fast Reactor) project, a 

conceptual design of the 1500 MWe European Sodium 

Fast Reactor was studied in the FP7 CP ESFR project .  

It features an integrated reactor concept with six 

secondary loops. 

 The Horizon-2020 EU ESFR-SMART project aims at 

proposing a fast neutron reactor using the sodium as 

coolant, with different safety improvements, in particular 

taking into account the safety objectives envisaged for 

Generation-IV reactors and the recommendations 

following the Fukushima accident.  

This ESFR SMART project is a four years project begun in 

September 2017. 
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POSITIVE ASPECTS OF SFR FOR SAFETY 

The SFRs safety demonstration benefits from many positive 
aspects:  
− the capability to remove the reactor core decay heat by natural 
convection, without intake of external water and with the ever-
available air as the final heat sink;  
− the large margin between the sodium temperature during normal 
operations and its boiling point;  
− the favorable character of the concept towards dosimetry and 
environmental impact, during operation;  
− the primary circuit significant thermal inertia, which provides 
significant grace periods before need of human intervention;  
− the absence of pressurization of the primary circuit and of the 
secondary circuits;  
− the simplicity of core operations and the absence of neutron 
poisons in normal operations (no xenon effect unlike thermal-
spectrum reactors);  
− the efficient trapping by sodium of the main fission products (in 
particular iodine and caesium).  
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SENSITIVE POINTS FOR SFR SAFETY 

On the other hand, the reactor design will have to take into account 
the SFRs sensitive points identified in the previous projects, and which 
deserve special attention, namely:  
− At nominal conditions, the core is not in its most reactive 
configuration.  

− The power density is generally high.  
− A significant portion of the core may have a positive sodium void 
effect.  
− Sodium reacts chemically with many elements, in particular with 
water, air and concrete, resulting in energy releases that may be 
significant, as well as in hydrogen production in case of reaction with 
water. In contact with air, the aerosols coming from a sodium fire will 
turn into sodium hydroxide and then into sodium carbonate, before 
being found relatively quickly under the form of sodium bicarbonate, 
completely harmless.  

− The liquid sodium opacity and temperature make it difficult to inspect 
the structures under sodium.  
− Although some components may be designed with provisions so as 
to facilitate interventions and replacements, these are still difficult for 
sodium circuits and components.  
− Unloading sub-assemblies from the core lasts longer than on a 
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GENERAL SAFETY OBJECTIVES FOR GEN IV 

REACTORS : PREVENTION AND MITIGATION. 

 

For Generation-IV SFRs, a probabilistic objective of the 
core-meltdown accident prevention is proposed, at least 
with the same value as for Generation-III Pressurized 
Water Reactors (i.e., a core damage frequency below 10–
5 per reactor-year for all events including hazards, with 
considerations of uncertainties).  

 

 Despite this high level of core-meltdown prevention, 
mitigation provisions for this accident are adopted under 
the fourth level of defense in depth. In the event of a core-
meltdown accident, the objective is to have very low 
radiological releases, The even-temporary evacuation of 
populations should not be necessary and only their 
sheltering, limited in time and space, would be possible.  
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A NEW CORE CONCEPTION 

 In ESFR-SMART, new  measures  are 
introduced  in the core to increase  his 
safety behavior 
In  particular:  

 
− passive control rods for introduction of 
negative reactivity in case of abnormal 
situations only with a physical 
parameter as loss of coolant flow or 
increase of coolant temperature. 
 

− reduction of the coolant void effect to 
a near-zero value to avoid significant 
energy release in case of coolant 
boiling. 
  
− special tubes for partial relocation of 
molten fuel/structure from the core in 
order to prevent creation of a large 
molten fuel/structure pool in the core.  
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CONTROL OF REACTIVITY IMPROVEMENTS 

New core conception with reduced sodium void effect  
In order to prevent core power excursion in case of loss of flow 
transients, it is proposed to adopt, at the first stage, a core with a 
globally zero or even slightly negative sodium void effect. This new 
core conception may provide an even more favorable natural 
behavior on most of the accidental transient sequences such as 
ULOF, ULOHS, UTOP, etc.  

Passive control rods  
Passive control rods are proposed as self-actuated reactivity 
control devices for the core. The absorber insertion into the reactor 
is thus passively obtained, i.e. without any use of instrumentation 
and control (I&C), when some criteria on physical parameters are 
met, e.g. low primary sodium flow rate or high primary sodium 
temperature.  
Ultra-sonic measurements for knowledge of the core geometry  

It is suggested to study the potential of ultrasonic means at the core 
periphery to monitor its global geometry during operations and to 
verify the absence of significant gaps between subassemblies (thus 
further preventing the risk of significant core compaction).  
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SAFETY IMPROVEMENTS FOR CONFINEMENT (1) 

Recovery of the safety vessel functions by the reactor pit  

The CP-ESFR safety vessel function was to contain the sodium in the 
event of the main vessel leakage, while maintaining in it a level of sodium 
sufficient to allow the sodium inlet into the intermediate heat exchanger 
(IHX) and keeping a sodium circulation for the core cooling. To recover this 
function by the reactor pit (hence suppressing the safety vessel), it is 
necessary to overlay the reactor pit with a metal-sheet liner so as to 
withstand the reception of a possible sodium leak and to bring it closer to 
the main vessel so that the volume between vessel and pit remains 
identical to the volume between the two vessels.  

This option will be studied trying to take benefit from the following 
anticipated advantages :  

− The replacement of the safety vessel by a liner with a DHR system 
attached, which can favour increased decay heat removal capabilities 
through the reactor pit.  

− The simplification of the safety demonstration with respect to a potential 
question related to the double leak of the two vessels.  

− A fault tolerant structure well adapted to the mitigation functions.  

− The main vessel in-service inspection remains possible, as the main 
vessel still remains accessible from the reactor pit, by the top of the space 
between vessel and liner).  
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SAFETY IMPROVEMENTS FOR CONFINEMENT (2) 

 

Massive metallic roof  

Superphenix experience feedback  leads to recommend that the roof is hot at its bottom part (so as to minimize 
the aerosol deposits) and has no water cooling. This last recommendation will be a key point for demonstrating 
the practical elimination of huge entry of water into the primary circuit. The EFR massive metallic roof is therefore 
taken over, which presents many other advantages such as neutron shielding and mechanical resistance. Its 
thickness will be defined by the industrial manufacturing contingencies, but should be about 80 cm. In the upper 
part, a heat insulator will eventually be installed so as to limit the heat flux to be evacuated during nominal 
conditions by air flow in forced convection or even natural convection. 

 

  

Leak tightness of roof penetrations  

It is proposed to study penetrations featuring improved leak tightness during operation with the goal to avoid (as 
far as possible) primary sodium leakage through the roof in case of an energetic core meltdown scenario. Such 
leakages would be difficult to determine, and can thus lead to very conservative overpressures in the 
containment, making it necessary to implement systems such as dome or polar table which are expensive, quite 
complex and the suppression of which could facilitate the reactor operation.  

 

To overcome these difficulties, the following options will be studied:  

− For large components, pump and heat exchanger penetrations: they are already firmly bolted for earthquake 
issues. It is proposed to weld a sealing shell so as to ensure the leak tightness in fast overpressure transient. 
These components are not intended to be frequently handled, but if this handling is required, a grinding will 
enable to remove them easily.  

 

− For rotating plugs: independently of the possible inflatable seals, the leak tightness with eutectic seals, which 
are liquefied during the handling phases so as to enable the rotation  is recommended. Conversely, when 
operating the reactor, these seals are solidified and the design retained should eventually be such that there is no 
leakage possibility in the case of a severe accident with energy release.  
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SEVERE ACCIDENT MITIGATION/ CORE CATCHER 

With his massive roof and his pit 
able to receive sodium, the sodium 
confinement  is  maintained even in 
case of severe accident 

For the corium we propose a core 
catcher able to receive all the 
melted core through the discharge 
tubes of the core 

The volume of this core catcher is 
able to receive all the  core 

The first calculations show no re 
criticity of the corium inside the core 
catcher 

Calculations of thermal cooling by 
natural convection have begun with 
and without chimneys.  

25 MARS 2018 |  PAGE 10 AIEA 28 Mars 2018 



SAFETY IMPROVEMENTS FOR DECAY HEAT 

REMOVAL   DHRS 3 

Two independant circuits are in the 

pit 

One with oil is directly brazed on 

the liner. With the suppression of 

the security vessel, this circuit is 

very efficient  during normal 

operation of the plant 

A second circuit with water inside 

the mixed concrete/metallic 

structure is added to be sure to 

maintain this structure under 70°C 

, even in mitigation case with a 

loss of the oil circuit. 
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SAFETY IMPROVEMENTS FOR DECAY HEAT 

REMOVAL DHRS 2 

 
Even in case of loss of feed water in 
the steam generators and loss of 
electricity supply for the secondary 
pumps, the measures taken on the 
secondary loops will be able to 
assure an efficient DHR by active or 
passive ways.  

 
These measures will include 
-  the use of the steam generator 

modules to promote the cooling of 
their external surfaces by 
convection of atmospheric air.  

- an optimized geometry of the 
secondary loops to promote the 
natural convection of the 
secondary sodium,  

- the use of fully passive thermal 
pumps to increase the cooling flow 
rate,  
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SAFETY IMPROVEMENTS FOR DECAY HEAT 

REMOVAL  DHRS 1 

It is proposed to add cooling circuits by sodium/air 
heat exchangers connected to the IHXs piping. 
These circuits, which we will call DHRS-1 , have 
several advantages compared to independent 
systems located in the primary circuit (formerly 
used in the CP ESFR design):  

− No additional roof penetrations are required 
(gain on the main vessel diameter).  

− The cold column is maintained in the IHX, which 
is the guarantee of a good natural convection in 
the primary circuit through the core.  

− This circuit can use the already existing 
purification circuit of the corresponding secondary 
loop and minimizes the number of sodium circuits 
to be managed by the operator.  

− It is still available even when the secondary loop 
is drained.  

 

The DHRS-1 circuit ability to operate in natural 
convection will be assessed together with the 
possible addition of a thermal pump to further 
increase its capabilities and help for the starting of 
the operation.  
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GLOBAL VIEW OF THE 3 DHRS SYSTEMS 
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NATURAL CONVECTION IN THE CORE 

An efficient cooling of the 
core by natural convection 
needs a cold leg in the heat 
exchanger to initiate the 
flow rate 

All dispositions have been 
taken with the secundary 
loops  (DHRS 2) and the  
dedicated DHRS1 to have 
always this cold leg 
available 

Even if we loose the water 
circuit , the electrical 
alimentation, or even if the 
secundary loops are 
drained. 
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OTHER IMPROVEMENTS 

Other improvements are proposed as example for 

 

- sodium fire detection and mitigation in the secundary 

loops : all secondary sodium circulation loops are 

protected against leakage by a double wall piping . The 

piping itself is covered with an insulation including quick 

sodium fire detection.  

- Primary sodium containment ( no geyser ; no circulation 

out of the vessel) 

- Water/sodium reaction control 

- In service inspection possibilities 

- Dosimetry advantages 
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NEW CONCEPTS AND R&D 

All the ESFR Smart propositions will 
be  calculated for a first validation 
during this four years program, but at 
least two new concept will be used and 
studied.  

- Thermal pumps  

They are passive electromagnetic 
pumps using  permanent magnets and 
thermoelectricity provided by the 
difference in temperatures. They need 
no external electricity supply. They 
provide a flow rate also in nominal 
conditions  

- Hydraulic diode 

 Under the primary pump they reduce 
the reverse flow rate in case of pump 
stopping. 
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PASSIVITY AND FORGIVING 

 

 

Passive control rods which are independent of 
instrumentation and control or of the operators’ action will 
enable the reactor reactivity control  

 

Reactor cooling is possible by natural convection, even in 
the most severe cases of simultaneous loss of cooling 
water and electrical power supply. And even in case of 
draining of all the secondary loops . 

 

 With all those improvements, the new design is then more 
forgiving; both with respect to the reactivity control, as well 
as at the intervention time required from the operator 
(enhanced grace period).  
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SIMPLICITY AND HUMAN FACTOR 

Simple is safe 

Starting from the CP-ESFR design , our approach has 

consisted in proposing the simplest possible reactor, while 

keeping the necessary lines-of-defence. It is expected that 

this simplicity should contribute to the whole reactor 

safety, by making it easier to operate. Compared to CP-

ESFR, the following simplifications  are proposed in that 

frame:  

− dome (or polar table) suppression.  

− safety-vessel functions taken over by the reactor pit.  

− primary sodium containment improvement.  

− natural convection cooling enhancement in the 

secondary loops. 

− optimized and simplified DHR dedicated circuits.  
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SEVERE ACCIDENT MITIGATION 

A more robust design than CP-ESFR is proposed for severe 
accident mitigation :  
− A core catcher is provided at the bottom of the vessel, designed 
for the whole core meltdown , and his cooling by natural 
convection.  

− Mitigation devices inside the core (corium discharge tubes) will 
channel the molten fuel to the core catcher.  
− The re-criticality of this core should be made impossible by 
disposition of dedicated material such as hafnium inside the core 
catcher.  
− The reactor pit  should accept sodium leakage and, with its upper 
thick metal roof, should form a solid, tight and that-can-be-cooled 
containment system.  

− This corium long-term cooling will be managed by the diversified 
cooling measures provided in the SG and in the pit (DHRS-2 and 
DHRS-3).  
− The use of DHRS-1 circuits may be done as a supplement so as 
to continue the reactor block cooling even if all the six secondary 
circuits have been drained.  
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DRAWINGS OF PRIMARY AND SECUNDARY CIRCUITS 
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AND THE FUTURE FOR THE PROJECT ? 

ESFR SMART is a four years 
project begun in september 2017 
 

At short term (before sommer 
2018) we are sizing all the reactor 
, from the primary vessel to the 
secondary and then to the global 
lay out of the plant. 
 
The other tracks need these 
values to begin to work  

 
Some R&D wil be engaged on 
special matters as the thermal 
pumps 
 

All this work will help to validate 
the options presented today for 
the final outcome of these design 
studies 
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