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Abstract 

The French Ministerial Order of the 10
th

 November 1999 requires the qualification of all NDE carried out on the 

Main Primary circuit of a Nuclear Power Plant in France. Due to the knowledge and the state of the art in NDE, 

EDF makes sometimes the most penalizing assumptions in the technical justifications to take into account some 

complex geometry or type of defect.  

With the improvement of simulation software, EDF has been able to incorporate in the technical justifications 

more precise geometry either on the defects like in SCC sensitive areas or in the inspected geometry. In some 

specific cases, simulations can be compared with NDE on test blocks or mock ups. This approach has a direct 

impact on the methodology of qualification.   

Therefore this article will present trough a couple of examples from the most recent RPV developments, the 

benefits of simulation on the development and qualifications of EDF RPV NDEs. 
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1. Introduction 

The French Ministerial Order of the 10
th

 November 1999 requires the qualification of all NDE 

carried out on the Primary and Secondary circuit of a Nuclear Power Plant in France. In the 

years 2000-2005, EDF, during the RPV NDE qualifications, make a huge use of Mock Ups 

and testing for the performances demonstration: 28 mockups for 13 applications. Due to the 

knowledge and the state of the art in NDE, EDF makes sometimes the most penalizing 

assumptions in the technical justifications to take into account some complex geometry or 

type of defect. 

With the improvement of simulation software, EDF has been able to incorporate or modify its 

strategy in the technical justifications to take into account more precise geometry or material 

aspect. 

2. Use of Simulation during NDE Development 

In the past years, major breakthroughs have been achieved in simulation softwares. They are 

much more user-friendly, less computer resource consuming, and last but not least they now 

handle complex geometry, material properties or complex wave propagation. Moreover, 

experience and benchmarks have shown the reliability and the maturity of these softwares like 

CIVA or ATHENA in UT for example, Moderato in RT or Carmel3D in ET. 

 

Therefore they have boomed in engineering development centers. From the very beginning of 

a NDE project to bear upon some technical choices, to the far end during the in-service 

examination to justify some specific design encountered; simulation software can present a lot 

of advantages, see figure 1. But one has to be careful when using them. Depending on the 

software and its own version, some strict implementation conditions apply, which, if not 

respected or at the limit, can conduct to misinterpretations. 
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Figure 1: Potential Use of Simulation during NDE Development 

 

 

To illustrate this, we will go through three examples taken at different stages of development. 

3. RPV NDE Development Examples 

3.1 RPV Threaded Bolt Holes, Use of Simulation for Technical Justifications 

On EPR NDE developments, having representative mock ups in time was not always possible. 

Therefore for some NDE, it was decided to have fewer representatives mock ups and use 

simulations to take into account the impacted influent parameters or even to have none if one 

could rely on previous testing. It was typically the case for the RPV cladding of the threaded 

bolt holes. The time needed to clad a mock up was not compatible with the planning; 

therefore it was decided to evaluate the cladding impact on performances by simulation only. 

The cladding mitigation on the UT field was determined on a cladded ferritic bloc and use 

along other parameters to fix the different acquisition and detection thresholds, inside the 

NDE procedure, see figure 2 for an overview of the environment.  

In order to realize a suitable detection on the mock up during in-service testing, the cladding 

impact, evaluated by simulations, was used to adapt the procedure thresholds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this NDE, simulations was also used to determine the impact on the UT field inside the 

ferritic steel after being disturbed by the complex geometry of the threaded holes, see figure 3. 

It allowed us a much better knowledge of the coverage area at a much lower cost and for less 

time development than with mock up testing. 

 

Figure 2: EPR Threaded Bolt Holes: Mockup (Left), Cladding Simulation Environment 

(Right) 



 
Figure 3: EPR Threaded Bolt Holes UT Field Propagation 

 

3.2 RPV Circumferential Welds, Use of Simulation for Technical Justifications 

On the EPR RPV circumferential welds, no specific EPR mock ups were used. To take into 

account the cladding impact on the performances, the strategy was to use previous 900Mwe 

testing for the attenuation and to complement with simulations. In this case, simulations were 

used to model cladding parameters which cannot either be easily made or be fully 

representative of all situations: hypothetic cladding defects, like small lack of fusion or the 

dendrite orientation.  

EDF was then able to determine the cladding impact on the sensibility and coverage 

performances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

This strategy made save time and cost during NDE development while still having a state of 

the art development considering the difficulty to evaluate some influent parameters. 

3.3 RPV NDE: use of Simulation for in-service Testing 

Simulations may also be useful for very special configurations which were not initially 

planned and discovered during in-service examination or testing. In one case of in-service 

testing, singular echoes were observed on a UT results. None of them was expected. After 

having looked for error inside the in-service acquisition procedure or in the UT transducers, 

there was no solution to the multiple echoes. 

Simulation was the key solution. Instead of testing on other mock ups, it proves efficiently the 

origin of the echoes. They were coming from the interactions between the mock up geometry, 

the notch tilt, which was due to the manufacturing process, and different UT mode 

propagations.  

Some echoes were imputed to direct diffraction, diffraction after rebound, or geometry 

echoes. Same simulations but without the tilt on the notches have shown that the multiple 

echoes were fading and a normal situation observed, see figure 5. 

Figure 4: RPV Circumferential Welds Cladding SImulation Environment 



These echoes were not visible through the first simulations because different modes of UT 

propagation and the specific geometry with notches implementations have to be simulated. 

Therefore the validity of the simulated data is one of the key aspects of simulation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nevertheless, a simulation is not always the solution. For example on SCC in complex welds, 

simulation software can’t be easily used directly. Some of them in R&D lab, can give a good 

view of the UT field in two dimensions but it is not sufficient enough for complex weld 

geometry like clevis. Furthermore, in these kinds of welds, it is necessary to have a 

microscopic description of the welds. You need to have a representative mock up on which 

you can made destructive tests. Therefore, it is sometimes easier to do testing than 

simulations. 

4. Conclusion 

In a nutshell, the software ameliorations through 3D geometry, material and defect 

complexity, has conducted EDF to make a large use of them. It allows a more efficient 

development and a complex problematic solving capacity at the different stages of NDE 

development and qualifications. It secures the technical developments.  

One has still to bear in mind the capability of the simulation software. They can’t solve all 

kind of configurations and the more complex one either due to material characteristic or 

defect geometry. All the more as even if it is becoming a large part of the qualification 

process and performance demonstration, the coding and development of these software are 

still not formally included in the qualification process. This is directly link to the availability 

of validated data, which is a key aspect for using simulation in technical justifications and 

show the importance to have meeting points between simulation and testing.  

Figure 5: Multiple Echoes Comparison between Simulations and In-Service Testing 


