
MYRRHA has already inherent safety characteristics, temperature reactivity feedback are negative 
even concerning temperature of coolant itself.  The behavior of core under postulated events is 
already satisfying. 

These systems are actively triggered but passively actuated. In order to improve the passivity of the 
system, we have studied the implementation of temperature switch, giving a non-intelligent circuit 
breaking.  An advantage is that the sensed temperature could be distributed at several fueled 
position (where the temperature change is most significant) and it triggers the full insertion of an 
RSS driving to cold shutdown state.  

ii. France 

Reflections on the assessment of passive shutdown systems 
O. Baudrand, IRSN  

Passive shutdown systems (PSS) have been envisaged in the past project EFR developed in the 90’s. 
In practice, passive devices would have not replaced active shutdown systems. The PSS were 
proposed as a supplementary provision against core meltdown accident. The objective was to 
enhance the reliability of the emergency shutdown function by adding a completely independent 
and diversified “third shutdown system” (two active shutdown systems were envisaged in the basic 
design). In this frame, their efficiency was required essentially in case of postulated failure of the 
two active shutdown systems. It is to be noted that this approach is consistent with the required 
independence of the defense-in-depth levels. 

The IRSN considers that the shutdown system (I&C plus absorber rods and dedicated 
subassemblies) is of particular importance due to core physics typical of LMFRs. In relation to this, 
specific technical capabilities should be proven: 

- fast actuation and fall-down to cope with fast reactivity transients, 
- effectiveness under earthquake loading (insertion capability in case of core deformation), 
- actuation of the system in case of local subassembly fault (requires enhancement of 

detection for large cores), 
- effectiveness in case of partial core degradation 

In addition the shutdown system is needed to compensate for the positive coolant void effect (local 
or global void effect).  

In a primary approach, passive systems should comply with standard safety requirements 
applicable to high level graded safety systems: 

- their architecture should ensure redundancy of the safety function performed; 
- passive systems should be routinely tested and controlled; 
- they are protected to remain operative in case of external and internal hazards (fire, 

flooding, earthquakes, etc.); 
- they should comply with quality and fabrication standards corresponding to their 

importance for safety. 
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In general, PSS are deemed more reliable than active ones because: 

- they don’t rely on I&C and actuators but are directly activated by a modification of the 
physical state of the core and coolant, 

- plant operators have no direct interaction with these systems (activation, set-up of 
thresholds, etc.), thus minimizing the risk of human error. 

Formally, the deterministic safety assessment of PSS should not be different from the one applied to 
active systems. But several questions arose when applying the standard assessment methods: 

- When a safety function is performed by active and passive systems, should the single failure 
criterion be applied to passive systems? 

- What kind of uncertainties should be explored in the performance analysis? 
- Are the qualification procedures different from those applicable to active systems? 
- How to ensure the sustainability of the performance of the PSS? 

Regarding the last point above, it is to be noted that in service inspection and routine test might be 
an issue for some of the envisaged concepts. 

Finally, the assessment of passive systems often requires some modelling which might be complex 
because of sensitivity to multiple phenomena; generally low driving forces, scale effects, etc. 

To address the above questions for passive systems in general, the IRSN has recently set up an 
internal working group to define a deterministic and probabilistic assessment methodology. In 
parallel, discussions are organized with designers and plant operators (AREVA, CEA, EdF). These 
discussions should lead to the definition of a R&D program to investigate several specific passive 
systems designed for PWRs. Among LMFR concepts, the IRSN effort is concentrated on SFR in the 
frame of the development of the ASTRID Project. Actions are being carried out mainly in the domain 
of thermal hydraulics through the development and validation of the computer code ASTEC-Na 
(computation of Phénix natural convection tests, JASMIN European project, etc.).  

iii. Germany 

Assessment of the efficiency of a passive safety system for prevention of severe accidents for 
SFR  
 E. Bubelis, KIT 

The aim of the study was the evaluation of severe transient behavior in Sodium-cooled Fast Reactor 
(SFR) and of the impact of newly conceived inherent mitigation measures (the use of ASD – additional 
shutdown device). The SFR design taken for the analysis was the SFR(v2b-ST) reactor design, and the 
system code to be used was selected to be the SIM-SFR code. The transients chosen for evaluation of 
the efficiency of mitigation measures were the unprotected loss-of-flow (ULOF) and the unprotected 
loss-of-heat-sink (ULOHS).  

This analysis demonstrated that: 
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