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CFD and safety 

demonstration for 

NPP… 

… using the best CFD code is not enough ! 

April 4th 2015 – Code_Saturne User Meeting 
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Safety Demonstration 

(or Design) 

Single phase flows 

Multi-phase flows 

This approach is, most of 

the time, suffisant 

Thermalhydraulics 

Aspects 

    CFD 

BUT… in some cases, a local and/or 3D 

approach is necessary 

General approaches (0D to 2D) 
Expertise  and/or System codes   

(ex. : CATHARE, ...) 
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Local and/or 3D approach : examples 

CFD calculations : 

 For safety demonstration, 

 For design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

must be equally convinced by 

the CFD calculations 

must have full  

confidence in the  

quality of  the CFD  

calculations produced 
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Safety Demonstration 

(or Design) 

Single phase flows 

Multi-phase flows     CFD 

    

Safety  Authorities 
How to increase 

the probability of 

this situation ? 

C:/Users/c51644/Videos/Hybiscus_II_CFD_short.mp4
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Safety Demonstration 

(or Design) 

Single phase flows 

Multi-phase flows     CFD 

    

Safety  Authorities 

Physical analysis (PIRT) 

&  

VVUQ Methodology  

To increase the 

probability of 

this situation… Physical Analysis 

Elementary 

Validation 

Integral 

Validation 

 

Application 
Verification 

Uncertainties Quantification 

V&V 
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Physical Analysis 

PIRT : Phenomena Identification Ranking Table 
- Figure of Merit 

- Physical phenomena 

- Transient description, 

- Relative influence of input parameters 

Elementary Validation 
- Separate effects 

- Simple configurations 

Integral Validation   
- Physical phenomena 

interactions 

- Representative configurations 

Application to NPP Verification 
-Equation implementation 

- Numerical methods 

Uncertainty Quantification 

V&V 

Physical Analysis & VVUQ Methodology 
Overview 
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Physical Analysis & VVUQ Methodology 
Knowledge improvement 

Physical Phenomena 

Validation Application 

1st physical analysis (by experts) 

 PIRT 

Separate effects and integral tests 

Complementary validation 2nd application to NPP 

1st application to NPP 

CFD sensitivities 

 to quantify relative influence of 

parameters identified in the PIRT 

analysis (Quantified PIRT) 

Physical analysis 

& 

VVUQ methodology 
 
Examples of CFD studies 

for NPP safety 

demonstration 
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1st physical analysis (by experts) Example 1 
Heterogeneous inherent boron dilution 

Physical Phenomena 

Quantified PIRT  

(obtained with ~90 CFD calculations) 

Application 

Validation 

Physical phenomena 

& input parameters 

identification 

Physical 

phenomena 

interactions 

Validation domain 

identification 

1st physical analysis (by experts) 
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Example 2 
Spent fuel storage pool under abnormal conditions 

Physical Phenomena 

Validation 

Application 

CFD sensitivities  

(ex. : spent fuel assemblies position) 

Physical phenomena 

& input parameters 

identification 

Separate effect 

tests 

Integral effect 

tests (scale 1:1) 
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CONCLUSION 

Safety Demonstration 

(or Design) 

Safety  Authorities 

Physical analysis (PIRT) 

&  

VVUQ Methodology  

To increase the 

probability of 

this situation… Physical Analysis 

Elementary 

Validation 

Integral 

Validation 

 

Application 
Verification 

Uncertainties Quantification 

V&V 

MERCI ! 


