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Abstract 

 

Before qualifying a simulation tool, the requirements shall first be clearly identified, i.e.: 

 What type of study needs to be carried out? 

 What phenomena need to be modeled? 

This phase involves writing a precise technical specification. Once the requirements are defined, the 

most adapted product shall be selected from the various software options available on the market. 

Before using a particular version of a simulation tool to support the demonstration of nuclear safety 

studies, the following requirements shall be met. 

 An auditable quality assurance process complying with development international standards shall be 

developed and maintained, 

 A process of verification and validation (V & V) shall be implemented. This approach requires: 

o writing a report and/or executive summary of the V&V activities, 

o defining a validated domain (domain in which the difference between the results of the tools and 

those of another qualified reference is considered satisfactory for its intended use). 

 Sufficient documentation shall be available, 

 A detailed and formal description of the product (software version number, user configuration, other 

settings and parameters) in the targeted computing environment shall be available. 

 Source codes corresponding to the software shall be archived appropriately. 

When these requirements are fulfilled, the version of the simulation tool shall be considered qualified 

for a defined domain of validity, in a given computing environment. 

The functional verification shall ensure that: 

 the computer architecture of the tool does not include errors, 

 the numerical solver correctly represents the physical mathematical model, 

 equations are solved correctly. 

The functional verification can be demonstrated through certification or report of Quality Assurance. 
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The functional validation shall allow the user to ensure that the equations correctly represent the 

physical phenomena in the perimeter of intended use. 

The functional validation can be done by comparing simulation results with: 

 actual test results, 

 results obtained from other functionally validated simulation tools, supplemented if necessary by 

expert analysis. 

The documents used for functional validation shall be properly referenced. 

To ensure proper use of qualified software, a user guide shall be written.   

Finally, the people carrying out studies with the software shall be adequately trained, certified and 

supervised. Quality audits shall be performed periodically to check the validity of the tool qualification 

over time as well as its proper use. 

 

 

Paper 

 

The scientific computing tools or simulation tools enable the simulation of physical phenomena 

requiring significant computing resources. 

They consist of:  

 calculation codes or solvers (for the mathematical treatment of physical equations),  

 preprocessors (for data entry calculation),  

 post-processors (for the exploitation of the results of calculation). 

For each simulation tool, it’s important to define a main user (responsible for the use of the tool).  

The objective is to have a sole expert in particular: 

 to manage functional verifications and relationships with the developer or the seller, 

 to write a user guide,  

 to help and supervise less experienced users. 

Before qualifying a simulation tool, the main user shall first clearly identify the requirements, i.e.: 

 What type of study needs to be carried out? 

 What phenomena need to be modeled? 

This phase involves writing a precise technical specification. Once the requirements are defined, the 

most adapted product shall be selected from the various software options available on the market or be 

developed by a third party based on the technical specification. 
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A list of simulation tools allowing the study of the main electrical phenomena is proposed below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the simulation tools, the red dotted parts indicate that the tools can be used within these fields 

though they are not specifically designed for it.  
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For example, the reasons are that: 

 the data to be used is not suitable because it is too voluminous and complex, 

 the models to be used are different,  

 the calculation time is too long. 

Before using a particular version of a simulation tool to support the demonstration of nuclear safety 

studies, the following requirements shall be met (especially in case of the new development of a simulation 

tool): 

 an auditable quality assurance process complying with development international standards shall be 

developed and maintained, 

 a process of verification and validation (V & V) shall be implemented. This approach requires: 

o writing a report and/or executive summary of the V&V activities, 

o defining a validated domain (domain in which the difference between the results of the tools and 

those of another qualified reference is considered satisfactory for its intended use). 

 sufficient documentation shall be available, 

 a detailed and formal description of the product (software version number, user configuration, other 

settings and parameters) in the targeted computing environment shall be available. 

 source codes corresponding to the simulation shall be archived appropriately. 

When these requirements are fulfilled, the version of the simulation tool shall be considered qualified 

for a defined domain of validity, in a given computing environment. 

When purchasing a commercial simulation tool, documentation shall be delivered by the seller. This 

documentation shall, at a minimum, include: 

 documents relating to the design of the simulation tool, 

 an operator manual. 

The design documents should describe: 

 the objectives and scope of the simulation tool , 

 the descriptions and explanations of physical models , 

 the descriptions and explanations of numerical methods, 

 the technical databases used, 

 if applicable, organizational principles of the sequence of calculations. 

The operator manual should describe:  

 the input data (type and size),  

 how to manage and interpret the output results,  

 the list of error messages,  

 how models are ma de and used.  
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From the feedback obtained through use, the main user must complete this operator manual with 

recommendations. This feedback must be included in user guide note intended for inexperienced users (see 

here after). 

The functional verification should be performed by the developer. This one shall ensure that: 

 the software architecture of the tool does not include errors, 

 the numerical solver correctly represents the physical mathematical model, 

 equations are solved correctly. 

The functional verification can be demonstrated through certification or report of Quality Assurance. 

The functional validation should be performed by the main user. This one shall ensure that the 

equations correctly represent the physical phenomena in the perimeter of intended use. 

The functional validation can be done by comparing simulation results with: 

 actual test results, 

 results obtained from other functionally validated simulation tools, supplemented if necessary by 

expert analysis. 

The documents used for functional validation shall be properly referenced by the main user. 

For each evolution of the simulation software or its environment, a study shall be carried out by the 

main user to analyze the impact of this modification. The results of this study shall classify the impact as 

minor or major. 

 In the case of a minor impact (i.e. patch), non-regression tests shall be carried out, 

 In the case of a major impact, all or part of the functional verification (by developer) and validation (by 

main user) process shall be repeated, according to the modifications made. 

If the test results or the functional V & V process is successful then the new version shall be put into 

operation by the main user and the old version shall be archived and then removed from use.  

To ensure proper use of qualified software, the main user shall write a user guide.   

This user guide shall allow different users: 

 to identify: 

o the different types of studies that should be performed with the software, 

o the models whose validity domain is consistent with the physical phenomena, 

o the necessary input data, 

 to transform input data into a format recognized by the software (using spreadsheets), 

 to create the necessary files to carry out the simulation, 

 to achieve the same results, all other factors being equal. 

The spreadsheets shall be also quality checked by the main user. 
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In addition to the validation aspect of the simulation tools, the user shall adjust the number of 

elements to be considered in the model depending on the type of study.  

For example:  

 For studies of transient behavior of auxiliaries supplied with alternative current (MV and LV):  

o all buses and transformers shall be modeled,  

o the load shall be divided according to its nature (rotating and non-rotating load),  

 For transient stability studies, the model shall  include:  

o the main generator with its regulators (voltage and speed),  

o the step-up transformer,  

o The HV network grid (generally represented by an equivalent model). 

Finally, the people carrying out studies with the software shall be adequately trained, certified and 

supervised. Quality audits shall be performed periodically to check the validity of the tool qualification 

over time as well as its proper use. 
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