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RIA and LOCA safety criteria
IRSN/DSR/ST3C
1. Background

Major fuel evolutions were performed since the design of the French power reactors in the 1970-1980s:

· the loading of new fuel designs (e.g.: MOX fuel, dopped fuel with Cr, Gadolinium incipients) that might behave differently from fuel pellet previously used,

· the evolution of the cladding material, for example the development of M5TM or advanced Zirlo,

· the fuel burn up increase up to values well above 39 GWd/t which was the discharge burnup value in France.
In 1998, the French Safety Authority (ASN) authorized the increase of the fuel burn-up up to 52 GWd/t for UO2 fuel. The 52 GWd/t burn-up increase for MOX fuel with M5TM cladding is under progress. 
At the present time, French Utilities are planning to reach values of burn-up up to 60 GWd/t for Mox fuel and 70-80 GWd/T for UO2 fuel.

Among the design basis accidents the loss of core cooling (large break in the primary circuit) and the reactivity accident (control rod ejection) have an important impact on the design and on the safety demonstration. The safety analyses related to these events are governed by the criteria to be respected.
Thus, IRSN is considering the opportunity and necessity of re-examination of the requirements related to the advanced fuels acceptance criteria and the methodologies for safety analyses. This paper addresses the IRSN thoughts and planned work concerning the safety requirements for the reactivity initiated accident (RIA) and the loss-of-coolant accident (LOCA).

2. RIA requirements

Initially on French Nuclear Power plants, the safety demonstration for RIA was based upon the respect of a fuel enthalpy criterion value at core hot spot of 225 cal/g for fresh fuel and 200 cal/g for irradiated fuel. These values rely on SPERT tests on un-irradiated or at low burn-up fuel. These limits were intended to preclude fuel dispersal. By precluding fuel dispersal, coolable fuel geometry was assumed and steam explosion could not occur. 

Mettre en évidence
During the 1980s and the 1990s, research programs revealed changes in both cladding and fuel pellet behaviour above 39GWd/t :
· The rate of cladding oxidation increases as a result of developing cracks in the initial oxide layer (caused by the corrosion during normal operation) and the occurrence of transient oxide spalling was demonstrated. This enhanced corrosion leads to hydrogen absorption which precipitates as zirconium hydrides. Cladding containing high concentration of hydride precipitates becomes more brittle than un-hydrided metal.

· The fuel pellet microstructure changes as large quantities of fission gases accumulate on grain boundaries. Prompt heating of fission gas bubble can explode the pellet micro-structure, mechanically load the cladding and drive fuel particles into the coolant.

These phenomena were suspected to alter the mechanical behaviour of fuel rods under RIA conditions and to enhance the risk of rod failure and of fuel dispersal in the coolant.

Experimental programs were launched to investigate fuel behaviour all around the world: NSSR in Japan, IGR in Kazakstan, BIGR in Russia and CABRI in France. These tests displayed cladding failure with fuel dispersal at a rather low average fuel enthalpy than expected.

Consequently, French Safety Authority required French utility to justify high burn-up fuel behaviour in RIA conditions. EDF justifications for high burn-up fuel behaviour were first based on the experimental database focusing on tests without rupture, then on a temporary set of decoupling criteria so-called "empirical safety domain" to meet the ASN requirement related to the definition of one or several safety criteria based on physical parameters (analytical approach) in order to ensure fuel non dispersion and core coolability. Later on (in 2005), EDF proposed an analytical criterion based on Strain Energy Density versus the mean rod burn-up. 

On its side, IRSN has been working since 2002 on a phenomenological approach (a methodology) to set up analytical RIA criteria. This process is based on the knowledge on the interpretation of Cabri, NSSR, Prometra results and will be completed by the end of 2008. IRSN considers appropriate to develop separate limits for coolability (dispersal of fuels) and cladding failure (considering different modes of rupture). 
In any case, the EDF RIA criteria and the subsequent IRSN analysis will be discussed at the Safety Advisory Group in the coming years.

3. LOCA requirements

IRSN considers it’s necessary to re-examine the requirements related to LOCA, for such subjects as pipe break size relevant to the safety demonstration, acceptance criteria and physical phenomena to be considered in the evaluation models.

3.1 Recent results of the R&D programs
Cladding behaviour

As it has been mentioned above, a significant cladding oxidation takes place during extended periods of normal operation and some of the liberated hydrogen is absorbed in the zirconium alloy cladding material. It is well known now that the oxide layer on the surface and the hydrogen in the metal affect the cladding’s behaviour under LOCA conditions. Fuel behaviour under LOCA conditions should be addressed with regard to ballooning strains, flow area reduction, rupture conditions and cladding embrittlement. A comprehensive understanding of all involved phenomena and of their inter-related influences is not yet achieved and there are still pending questions. Research programs are still undergoing. Nevertheless recent program, especially those addressing secondary hydride occurrence and post-quench ductility, give important results that impair the existing criteria.

Fuel relocation

All the available tests performed with irradiated fuel rods experiencing LOCA conditions have shown an accumulation of fuel debris in the swollen region – called balloon – of the burst cladding which resulted from small fuel fragments slumping from upper locations and eventually fuel dispersal from rod. This process, called fuel relocation, is initiated at the cladding burst time and is driven by both gravity and pressure difference between the rod upper plenum and primary coolant. Recent Halden tests demonstrate the importance of this phenomenon.

3.2 Break size
Considering the break size, the principle of the Large Break LOCA preclusion has been accepted in France for the Evolutionary Project Reactor (EPR). Therefore, for EPR, the double-ended-break (200% of the full size of the primary cold leg) has not to be analyzed any more as a design basis accident nevertheless a best-estimate evaluation is still performed for ECCS and containment design. Justification bases for Large Break LOCA preclusion for EPR seem to differ significantly from those which led to the revision of the US 10CFR 50.46 proposed in SECY 05 0052. Whereas these ones constitute major changes in LOCA safety demonstration requirements, differences and similarities between American and French approaches will be presented to the French Advisory Committee. Furthermore, as break preclusion only concerns EPR power plants in France, the opportunity of relaxing requirements for large break LOCA safety demonstration for existing power plant will be investigated.
3.3 Physical phenomena to be taken into account in the safety demonstration
In the view of the future LOCA evaluation models assessment, IRSN has initiated work about physical phenomena occurring during a LOCA which are insufficiently considered or not considered at all in current evaluation models. For instance, IRSN will discuss fuel relocation and high pressure oxidation.

3.4 LOCA criteria

Concerning the LOCA criteria, with respect to cladding material and fuel pellet evolutions and burn-up increase, IRSN will re-examine these criteria bases. 

The current regulatory criteria for LOCA, still in used in most countries, are derived from the ECCS acceptance criteria that were issued by USAEC in December 1973 and published in the 10.CFR 50. The criteria are stated as five requirements concerning the performance of the cooling system under the most severe LOCA conditions.

The two first requirements are related to cladding embrittlement. They were based on tests with unirradiated Zircaloy cladding material. The ductility tests themselves were of the ring-compression type and the results were evaluated at the saturation temperature during reflood of 135°C, which corresponds clearly to Large Break LOCA conditions. IRSN considers that recent results on cladding ductility should be taken into account in the frame of the criteria re-examination.

The third criterion addresses the maximum hydrogen generation.

The last two requirements are related to the core cooling which has to be maintained. IRSN deems that the assumptions related to flow area reduction and fuel relocation with regard to core cooling maintainability has to be considered in the frame of the criteria re-examination.

Besides, IRSN will pay special attention to the adequacy of future criteria for small and intermediate breaks. Coolability of balloons and requirements concerning post quench resistance should also be addressed. IRSN takes part to the international discussions on the LOCA criteria within the OECD working group.

4. Conclusion

Re-examination of the safety requirements in the perspectives of fuel design evolution and burn-up increase is planned today in France. 

In particular, RIA and LOCA criteria for advanced fuel will be discussed in the coming years. LOCA phenomenology and best estimate methods to be used for safety assessment will be revisited by the end of 2010.
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