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Background 

▌ The CSNI recommended in November 2010 that a state-of-the-art 
report (SOAR) be prepared on melt coolability and core concrete 
interactions that captures the last thirty years of international research 
in this area.  

▌ A working group was thus established in April 2012 within the 
framework of the Working Group on Accident Management and 
Analysis (WGAMA) to address this recommendation.  

 The report entitled, “State-of-the-Art Report on Molten-Corium-Concrete interaction 

and Ex-Vessel Molten-Core Coolability,” NEA/CSNI/R(2016)15, was completed in April 

2016. 

▌ The high level objective of this presentation is to summarize major 
findings from this report. 
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▌ The SOAR documents the current knowledge base regarding MCCI 
phenomena with particular emphasis placed on the role of water 
addition as a severe accident management strategy, as well as the 
state of maturity of modelling of MCCI and coolability phenomena in 
severe accident analysis codes. 

▌ Our efforts revealed that significant progress has been made in 
terms of understanding phenomenological behaviour, but also led 
the working group to identify a few issues that may warrant further 
investigation to reduce residual uncertainties. 

▌ These issues include specific realistic reactor conditions from short 
to long term, and the potential to improve the efficiency of melt 
coolability under top flooding conditions. 

 

Major conclusions 
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Lessons learned from experiments 
▌ For dry conditions: nature and extent of core-concrete interaction  

 Melt temperature evolution and ablation shape are influenced by concrete 

composition (siliceous versus limestone  different interface and ablation profile) 

 Existence of ablation burst : initial transient or intermittent process ? 

 Only a few tests, but ablation appears to be more pronounced in the areas where 

metal is in direct contact with concrete, and faster oxidation kinetics are observed. 

The effect of rebars is still under study. 

▌ For wet cavity: effectiveness of water addition for melt stabilization 
 Identification of several cooling mechanisms: bulk cooling, water ingression, melt 

ejections and suspended crust breaching 

 Potential enhancement of coolability by early containment flooding:  

 less concrete in the melt promotes crust cracking for water ingression mechanism 

 higher gas release induced by higher ablation heat flux enhances the melt 

ejection mechanism 
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Capabilities in current codes & models 
▌ Codes can currently analyse the ideal case where corium is assumed 

to be instantaneously spread over the entire floor of a dry reactor pit 
 Ablation anisotropy cannot be explained by existing phenomenological models  

empirical correlations are needed and then ablation rates and temperature for oxidic 

melt are in good agreement after the initial transient phase 

 Effect of metal is described in some codes but additional uncertainty is introduced 

due to the lack of experimental data. Effect of rebars is not yet understood. 

▌ Limitations in terms of dealing with local corium accumulations in the 
case of an initially flooded pit, or in situations involving multiple pours  

 Debris bed re-melting and stability of corium accumulations 

▌ Very few codes model the impact of top flooding  
 Melt ejection assessment is difficult because of crust anchoring phenomena that is 

not expected at reactor scale  uncertainty for long term extrapolation 

 Lack of data for the top flooding of metal-oxide melt  
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Plant applications 

▌ Extrapolating the results of scaled experiments to MCCI at 
plant scale involves some idealization of plant geometry and 
configuration 

 

▌ For full-scale plant safety assessments, a pragmatic approach 
is generally taken  

 

 MCCI phenomena are analysed based on conservative 

assumptions with respect to the weakness of the containment 

design 
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Remaining issues 

▌ Lack of data for long duration transients 

▌ Improving the realism in plant simulations 

▌ Improving melt coolability under top flooding 
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Lack of data for long duration transients 

▌ Past MCCI experiments with prototypic melt have been relatively 
short in duration (due to facility and operational constraints)  melt 
cooling and slowing down of basemat ablation to a level that could 
be considered acceptable for regulatory purposes (~ 24h melt 
through delay). 

▌ In light of Fukushima Daiichi accidents, there is a need to obtain 
longer duration experimental data in order to extrapolate to reactor 
situations with a higher degree of confidence 

 Confirm long term ablation profile as a function of concrete composition 

 Obtain data on long term behaviour; i.e., when heat flux is low enough 

and the concrete fraction in the melt is very high 

 Confirm that intermittent phenomena like melt eruptions are reproducible 

 Investigate if the crust formed by water ingression is stable 
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Improving realism in plant simulations 

▌ The presence of metal within the melt or within the concrete 
 Influences the ablation profile as soon as oxide-metal stratification 

occurs 

 Impact of metal on cooling mechanisms 

 Impact of rebars on the ablation mechanism. Thermal stress on 

concrete structures. 

▌ The initial conditions for MCCI based on melt pour conditions 
into the reactor pit 

 Initial composition and temperature of the melt  how to deal with the 

diversity of in-vessel melt compositions 

 The risk of corium accumulation(s) in a flooded pit or in the case of 

multiple pours after pit flooding. 
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Improving melt coolability under top 

flooding 

▌ Top flooding is a generic accident management strategy for 
ex-vessel melt stabilization in existing plants 

▌ To improve melt coolability under top flooding 
 Benefit of a larger initial corium spreading area to reduce downward heat 

flux to the concrete 

 Large spreading more effective in a dry cavity situation; there is also a 

benefit of eliminating the risk of steam explosion 

 Benefit of early flooding after initial spreading but narrow time window and 

subsequent melt pour after top flooding cannot be excluded (uncertainties 

connected with in vessel melt progression)  

 Benefit of high carbonate or hydrate concrete for efficient melt ejection 

(new reactors or back-fitting measure for siliceous basemat) 
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Improving realism in plant simulations 

▌ The presence of impurities in cooling water 
 Impact on water ingression mechanism and on debris bed 

coolability 

 Presence of fission products in sump water  impact on source 

term 

 Modification of sump water chemistry  impact on filter clogging 

risk in case of dedicated cooling circuit to avoid containment 

venting 
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How to address these issues? 

▌ Need to obtain additional results from experiments, but the issues 
to address are the most challenging… 

 Improvement of facility capabilities are a requirement to avoid crust 

anchoring, to heat metal-oxide melt, to consider rebars in the concrete, 

or to heat solid particle debris under water up to the re-melting point and 

the onset of MCCI… 

 International collaboration is mandatory to share know-how and bear the 

cost of such experimental programs 

▌ Integral and separate effect tests may be balanced 
 For example, to address the effect of water impurity separate effect tests 

seem to be appropriate 
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How to address these issues? 

▌ Improvement of models 
 Development of mechanistic approach with an enhanced coupling 

between thermalhydraulic and physico-chemistry is a promising approach 

 Multi-scale modelling could also be beneficial if we are able to solve 

numerical challenges and to provide appropriate experimental data for 

validation 

▌ We still have to define which topics we have to focus our future 
efforts on, keeping in mind that:  

 Improvement of dry MCCI phenomenological modelling will only lead to 

more realistic predictions of containment melt-through location and timing 

 Whereas improved phenomenological understanding and modeling of 

cooling mechanisms will provide the possibility to realistically evaluate 

whether containment integrity can be maintained. 
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Summary 

▌ At the request of the CSNI, a state-of-the-art report (SOAR) has 
been prepared on melt coolability and core concrete interactions 
that captures the last thirty years of international research in this 
area.  

▌ These efforts revealed that significant progress has been made in 
terms of understanding phenomenological behaviour, but also led to 
the conclusion that a few issues that may warrant further 
investigation to reduce residual uncertainties. 

▌ These issues include specific realistic reactor conditions from short 
to long term, and proposition to improve the efficiency of melt 
coolability under top flooding conditions. 
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An initial condition not yet addressed 

Reactor pit
localized corium pouring and 

accumulation

basemat

with or without

water

fast ablation

solid debris/crust

molten corium
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