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OBJECTIVES 

An essential objective of the design of new reactors is to limit, in 

the event of a severe accident, the radiological consequences 

on the environment and populations. For GENIV reactors, in the 

event of a severe accident, evacuation of populations should not 

be necessary and only sheltering, limited in time and space, 

would be allowable. 

The fundamental safety principle applied to the design of 

reactors is the defense  in depth . The application of this 

principle leads to provisions for ensuring the prevention of 

severe accidents in a highly reliable manner. This is the object  

of the first three levels of defense in depth. Despite these 

provisions, the fourth level requires the consideration  of severe 

accidents, even unlikely, and the implementation  of sufficiently 

reliable  mitigation measures . 
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          PRINCIPLE 

The reactor design aims to put in place mitigation provisions 

with regard to all possible situations of severe accident.  

Nevertheless, there may still be situations of severe accidents 

which can not be reasonably covered by these provisions and 

which could lead or to early radiological releases, which would 

make it impossible to organize measures for the protection of 

the population, or to massive radiological releases  leading to 

displacement of populations over a significant period of time or 

in an extended area. 

 These are situations that need to be identified in order to make 

them extremely unlikely by appropriate design or organizational 

provisions 
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PROPOSAL OF PRACTICAL ELIMINATION DEFINITION 

Practical elimination is an approach which, from the outset 

of the reactor design studies, identifies these severe 

accident situations that can not be controlled under 

economically reasonable conditions. Then, with 

appropriate design and operating provisions, it makes 

them extremely unlikely with a high level of confidence. 

This useful methodology should be applied preferably for 

reactors in conception phase. 
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CONCLUSION ON PRINCIPLE  

After the Tchernobyl and Fukushima accidents, nuclear 

industry could perhaps not survive to another population 

evacuation motivated by a severe accident and during a 

significant period of time. 

For public acceptance in the future it seems necessary to 

demonstrate during the conception of new reactors, that , 

even in case of severe accident, no evacuation will be 

necessary 

This principle has to be applied to all the future reactors : 

GEN IIII as all types of GEN IV reactors 
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IDENTIFICATION OF THE SITUATIONS TO BE     

ELIMINATED PRACTICALLY 

In order to identify the situations to be practically eliminated, 
three types of severe accident situations can be distinguished: 

- Type 1 : severe accidents leading to a mechanical energy 
release that can irreversibly damage the containment (eg a 
severe accident leading to a hydrogen explosion); 

- Type 2 : situations resulting in an unacceptable degradation of 
the means of mitigation and then to severe accident (eg for 
some reactors the prolonged loss of the function of evacuation 
of the residual power of the core); 

- Type 3 : severe accidents occurring while the means of 
mitigation are not available or sufficiently effective (eg during 
handling operations). 
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SITUATIONS EXCLUDED OF PRACTICAL 

ELIMINATION 

However, the following situations do not fall within the scope of 
practical elimination and are excluded from the approach : 

- situations that are physically impossible or judged not to be 
plausible by consensus of experts. 

- situations corresponding to a severe accident combined with a 
failure of the means of mitigation. If this failure is independent of 
the consequences of the accident or of the events that may 
have caused it, the application of the defense principle in depth 
up to the fourth level is  sufficient; 

- situations with a non-radiological environmental impact such 
as releases of toxic chemicals. They are studied with specific 
methods and do not fall under practical elimination approach. 
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CONCLUSION ON THE LIST OF SITUATIONS 

A presentation to the Safety Authority of the list of 

situations to be practically eliminated is desirable at the 

early stage of the conceptual phase, in order to reach a 

consensus before the initiation of the design phase. 
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DEMONSTRATION (1) 

 

Demonstrations of practical elimination concern a limited 

number of situations, defined by the approach already  

presented. Each of these demonstrations is a special case, 

but it is possible to give some general indications. These 

demonstrations will be part of the safety case of the 

installation. 

The challenge of this demonstration is to show the situation 

very improbable with a high level of confidence. 

The design first considers the possibility of making this 

situation physically impossible under reasonable conditions. 
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DEMONSTRATION (2) 

When the physical impossibility is not reached, the 

demonstration relies on the following deterministic 

approach : 

- First the identification of the plausible sequences that 

can lead to the situation, 

- Then the definition of a sufficient set of independent and 

sufficiently reliable lines of defense, for the prevention of 

the situation to be practically eliminated, covering all the 

plausible sequences identified and taking account of the 

uncertainties 

When relevant, probabilistic insight may confirm the 

unlikely character of sequences leading to the situation. 
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CONCLUSION ON DEMONSTRATION 

There is not a definitive methodology for these 

demonstrations and each case is a particular case. 

The big interest of practical elimination application, is that 

sometime, with rather litlle modifications in the design, we 

can arrive to make impossible some dramatic events 

If not, a mix of determinisistic and probabilistic approachs 

can be used  to demonstrate that these events are very 

improbable with a high confidence level . 
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EXAMPLE ON SFR ASTRID PROJECT 

During design studies of the ASTRID project, three types of 
situations to be practically eliminated were identified : 

Type 1: Situations likely to lead to a core meltdown accident with 
uncontrollable mechanical energy release due to a large and 
brutal reactivity insertion on a core whose geometry was intact 
at the start of the event 

Type 2 : Situations that can lead to both a degradation of the 
containment and a massive release of fission products 
contained in the fuel assemblies. 

Type 3: Situations of significant degradation of fuel assemblies 
while the usual containment provisions may not be sufficient (eg 
during handling operations) 
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ASTRID: A LIST OF EIGHT  SITUATIONS 

PRACTICALLY ELIMINATED 

Three situations likely to lead to a core meltdown accident with 

uncontrollable mechanical energy release: passing large 

quantities of gas through the core, significant core compaction , 

and brutal failure of the core support structures . 

Three situations likely to lead to degradation of confinement and 

to massive release of fission products from fuel assemblies :  

massive entry of water into the primary circuit, generalized 

hydrogen deflagration in radiological containment structure, and 

loss of the decay heat removal function. 

Two situations of significant degradation of fuel assemblies 

while the usual containment provisions could be not sufficient : 

core loading errors leading to a fuel melting, and melting of fuel 

assemblies in spent fuel storage. 
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SFR EXAMPLES OF DETERMINISTIC 

APPROACH (1) 

For each of these eight cases of practical elimination, 

provisions have been made during the design to make 

these accidents extremely improbable 

For example, for the significant passage of gas in the core 

a set of provisions have been taken: absence of areas of 

potential accumulation of gas in the structures (redan, 

diagrid, core support, etc. ..), suppression of the gas 

devices (bells) into the heat exchangers, and optimization 

of hot collector hydraulic to avoid gas entrainment by 

vortex from the free surface. 
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SFR EXAMPLES OF DETERMINISTIC 

APPROACH (2) 

Still as examples of  deterministic approach allowing with 

some design work to :reject the events: 

- the existence of pads on the assemblies which come into 

contact  when the power increases and limit the risk to 

compact  the core during the plant operation. 

- the mechanical design of the core support prevents any 

brutal failure. 

- The absence of the possibility of massive entry of water 

into the reactor building, suppress the risk of significant 

sodium-water reaction in the primary circuit.  
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SFR EXAMPLE OF PROBABILISTIC APPROACH 

For the situation of long-term loss of the decay heat 

removal function, the design assures a lot of reliable, 

diversified cooling systems 

A probabilistic approach on the loss of these systems in all 

situations, can demonstrate the situation very improbable 

with a high confidence level. 
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OTHER GEN IV TYPES OF REACTOR 

For all the other GEN IV concepts, as for  new GEN III 

reactors, we have to reject in the residual risk all accidents 

for which early or  significant releases to the environment  

can not be excluded a priori and would require a 

population evacuation. 

It is not a specific approach for SFR , but an approach 

proposed  for all new reactors. 

Under the defense-in-depth concept, provision must then 

be taken to avoid such releases, and after, for other 

situations,  the practical elimination approach should be 

applied to improve the design of these reactors. 
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WHAT ARE THE LIMITS OF THIS EP 

APPROACH? 

It is a general approach and not a strong methodology.  

The establishment of the list of events is not easy. And 

not absolute. It depends often of historical experience 

and of experts advices/ It should be validated by local 

safety authorities. 

In the best cases some design improvements make 

physically impossible the event. But for other cases , 

probabilisitic approach can be applied . Any other  

method adapted to the situation can be used also.   
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 WHAT IS THE INTEREST OF THIS EP APPROACH ? 

In addition to taking into account the severe accident under the fourth level of 
defense-in-depth, the implementation of a practical elimination approach, from 
the early stages of design studies, is an important element to improve safety of  
GEN III as GEN IV reactors.  

1) It makes it possible to dress a list of situations where priority attention for 
prevention must be given. In this respect, the practical elimination approach 
aims to identify  severe accident situations that could lead to radiological 
releases and that could not reasonably be handled under the fourth level of 
defense in depth. 

2) This list helps to direct the design. For situations to practically eliminate, it is 
indeed to ensure their extremely improbable character with a high level of 
confidence by the establishment of design and organization provisions. 

3) It contributes to the achievement of safety objectives. The practical 
elimination approach helps to reinforce the general objective of these reactors, 
namely to avoid any severe accident leading to early or significant radiological 
releases, and to population evacuation. 
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