
Conclusions 
A sensitivity analysis methodology was designed to 

accompany a previously developed statistical method for 

assessing fuel rod failures in LB-LOCA scenarios. 

The sensitivity analysis methodology makes it possible to 

find out the causes of rod failures in LB-LOCA simulations 

and to identify at-risk fuel rods. 

Future research focuses on using surrogate models 

based on machine learning to replace the detailed but 

costly fuel rod level simulations in the analysis. 

 

Qualitative analysis 
The pre-processed data is visualised in order to identify which 

parameter values are associated with crossing a certain 

threshold. The cobweb graph in Figure 1 serves as an example 

of the visual analysis. 

During the qualitative analysis, some strongly correlated 

parameters are eliminated or grouped. For example, the rod 

internal pressure is strongly correlated with rod burnup, which 

means that the former can be excluded from the analysis. 

Findings: 

• Tolerances in fuel manufacturing parameters do not 

significantly affect the transient cladding strain. 

• High cladding strains are associated to distinct coolant 

channels and bundles 

 

 

Background 
A statistical method for assessing fulfillment of regulatory 

requirements for fuel rod failures in large break loss of coolant 

accident (LB-LOCA) scenarios has been developed at VTT and 

demonstrated for the LB-LOCA of an EPR [1]. 

The method relies on a complex calculation chain, which 

makes it challenging to identify the underlying causes of the 

simulated rod failures. 

In order to quantitatively determine the most important 

parameters affecting rod failures, a sensitivity analysis 

methodology was developed [2]. 

The sensitivity analysis is divided into three parts: 

1. Data pre-processing. 

2. Qualitative analysis of the data based on visualization. 

3. Quantitative analysis using sensitivity indices. 

 

 

Figure 2. The sensitivity indices calculated for the cladding strain with respect to 

various local parameters. 

Quantitative analysis using sensitivity indices 
Three sensitivity analysis methods were applied to the data:  

• Borgonovo delta measure (𝛿). 

• 1st order Sobol’ sensitivity index (S). 

• Squared Pearson’s coefficient (R2). 

Findings: 

The calculated sensitivity indices confirm that in the simulated 

LB-LOCA scenario for the EPR reactor, the most relevant 

parameters affecting rod failure are:  

• Decay heat power during the transient represented by the 

bundle power coefficient. 

• Steady-state irradiation history of the rod represented by 

the rod burnup. 

• Thermal hydraulic boundary conditions and the coolant 

channel power in the rod’s location as represented by the 

coolant channel number. 

The thermal hydraulic boundary conditions dominate over the 

effect of the coolant channel power in the effect associated 

with the coolant channel number. 
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Figure 1. Cobweb graph used for qualitatively identifying the most 

important input parameters affecting cladding strain. Black lines 

indicate rods with high strain while red lines include all rods. 
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Data pre-processing 
The data obtained from the calculation chain may be correlated 

and/or in inconvenient form (time series, rod position data etc.). 

The complex data needs to be pre-processed into scalar form 

so that it can be visualised and analysed. 
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