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[bookmark: _Toc227739356]Introduction
This Technical Assessment Guide (TAG) is part of a suite of guidance available to ONR inspectors to assist in their application of the Safety Assessment Principles (SAPs) (ref. [1]) which are used in the technical assessment of the safety cases for nuclear facilities and in the formation of regulatory judgements.
This TAG has been written with due regard for relevant legislation, license conditions and international guidance. The overarching relationships between the TAGs and these areas of legislation and guidance are discussed further in “An Introduction to ONR's technical assessment and inspection guides” (ref. [2]). 
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[bookmark: _Toc227739357]Purpose and scope
This TAG provides advice to ONR inspectors on the interpretation of the SAPs covering the assurance of validity of data and models used to perform analysis in support of safety cases. ONR does not ‘approve’ calculation methods[footnoteRef:2]; instead, it assesses their application on a case-by-case basis. This TAG assists ONR inspectors in their assessment of a dutyholder’s[footnoteRef:3] application of calculation methods. [2:  Throughout this TAG, the term ‘calculation methods’ is used as a collective term for any method that is used to represent facilities, physical or chemical processes and/or phenomena. It includes complex computer codes, computer scripts, hand calculations, spreadsheet calculations etc., or a combination of these.]  [3:  The expectations set out in this TAG refer to ‘dutyholders’; however, the expectations are largely applicable for assessment of non-dutyholder submissions, such as a ‘requesting party’ undergoing Generic Design Assessment (GDA).] 

This TAG is intended to apply primarily to the assessment of the validation of calculation methods used for deterministic analysis in support of a safety case. This includes, but is not limited to, physics, thermal-hydraulics, radiological consequence assessment and structural analysis calculation methods. Whilst this TAG is largely focussed on deterministic calculation methods, the principles outlined here could generally be applied with judgement to probabilistic methods, other analyses forming part of fault analysis and other areas of the safety case underpinned by analysis and/or data, such as engineering substantiation. In addition, the expectations included here may also be applied to ONR’s other purposes, such as safeguards and security, where calculation methods are used to represent physical and chemical phenomena.
The guidance is applicable to design basis and beyond design basis analysis techniques, including codes for severe accident analysis; however, this should be applied using a graded approach. This TAG provides guidance on how to apply the graded approach.
The terms ‘verification’ and ‘validation’ are commonly used to refer to the process of confirming that a calculation method is suitable for its intended application. Verification provides confidence that the models are accurately reflected in the calculation method, while validation provides confidence that the method is appropriate for modelling the facility and the processes occurring within it. Verification is typically more straightforward and internal to the method development process. In contrast, validation requires demonstrating that the method can accurately reproduce a facility’s behaviour under relevant conditions, which is more complex. Due to the complexity and substantial effort involved, ONR typically focusses on validation of calculation methods.
This TAG is not directly applicable to the assessment of the validity of software used for control and protection of operational nuclear plant and processes. These are covered in ONR’s TAG on computer-based safety systems (ref. [3]).
The majority of the expectations laid out in this TAG are applicable to calculation methods. Expectations related to codes/scripts used for verification of calculation methods (such as regression testing codes) or other codes used only for quality assurance purposes are covered at a high level in section 5.4, and are not the focus of this TAG.
[bookmark: _Toc524357614]

[bookmark: _Toc227739358]Relationship to licence conditions and other relevant legislation
The nuclear site Licence Conditions (LCs) place legal requirements on the licensee and provide a legal framework which can be drawn on in assessment. The following LCs are of particular relevance in the context of assurance of validity of data and models:
Licence Condition 19(4) - Installation of new plant requires “adequate documentation to justify the safety of the proposed construction or installation”. 
Licence Condition 22(4) - Modification or experiment on existing plant requires “adequate documentation to justify the safety of the proposed modification or experiment”. 
[bookmark: _Toc524357615]Licence Condition 23(1) - Operating Rules requires a licensee to “produce an adequate safety case to demonstrate the safety of that operation and to identify the conditions and limits necessary in the interests of safety”. 
Depending on the complexity of a facility, an adequate safety case is likely to be based on safety analysis carried out by various calculation methods. The calculation methods should be validated prior to their use in the production of safety cases.

[bookmark: _Toc227739359]Relationship to Safety Assessment Principles, WENRA Reference Levels and IAEA Safety Standards
ONR’s SAPs [1] are benchmarked against the WENRA Reference Levels [4] and against applicable IAEA Safety Standards. Assurance of validity of data and models is addressed in SAPs AV.1 to AV.8 (ref. [1]). This TAG expands on the expectations embodied in these SAPs. Other related SAPs and their relevance is also explained.
[bookmark: _Toc524357616]There are no specific WENRA Safety Reference Levels which require verification and validation of calculation methods. However, E8.7 and F3.1 set an expectation that the calculation methods should be justified, and set expectations associated with conservatism in the analysis.  
There are several IAEA standards and guides applicable to the assurance and validity of data and models. The most pertinent standard is:
IAEA’s General Safety Requirements Part 4 – Safety Assessment for Facilities and Activities (ref. [5]) – Requirement 18: Use of Computer Codes: Any calculational methods and computer codes used in the safety analysis shall undergo verification and validation.
In addition, high-level guidance for the validation of deterministic calculation methods can be found in:
IAEA’s Specific Safety Guide 2 – Deterministic Safety Analysis for Nuclear Power Plants (ref. [6]).
IAEA’s Specific Safety Guide 3 – Development and Application of Level 1 Probabilistic Safety Assessment for Nuclear Power Plants (ref. [7]).
IAEA’s Specific Safety Guide 4 – Development and Application of Level 2 Probabilistic Safety Assessment for Nuclear Power Plants 
(ref. [8]).


[bookmark: _Toc227739360]Advice to inspectors
This TAG expands on the advice provided in ONR’s SAPs. It is primarily focused on the assurance of validity of data and models series of the SAPs, and is therefore structured around those SAPs.
As stated, this TAG is primarily focused on the validation of calculation methods. Verification remains a necessary underpinning activity; however, ONR regulatory assessment focus is typically directed at validation evidence relevant to the safety claim. For further guidance on the verification of calculation methods, the inspector is directed towards IAEA’s SSG-2 (ref. [6]).
This TAG provides advice related to expectations for calculation methods which are applied across a range of applications, complexity, safety significance, design maturity and safety case maturity. A crucial aspect of this TAG, therefore, is not all expectations apply equally for all calculation methods and all applications. The inspector should pay special attention to Section 5.10, which provides guidance on applying a graded approach, when establishing expectations for a safety case.
In the following sub-sections, each SAP of the AV series is addressed in turn. Whilst each section addresses uncertainties arising from different sources, separate guidance addressing uncertainty holistically is provided in Section 5.9.
AV.1 – Theoretical models
Theoretical models should adequately represent the facility and site.
For the purpose of this TAG, the term ‘theoretical model’ refers to the geometric representation of a facility and/or site. 
A dutyholder may employ a variety of calculation methods to simulate physical or chemical processes within a facility. The complexity of the calculation method employed will be dependent on the complexity of the facility and those processes. For example, a thermal hydraulics system code may be used to model a nuclear reactor and ‘hand calculations’ may be used to represent system performance or simple transient analysis. Regardless of the chosen calculation method, the models employed should adequately represent the facility to an appropriate level of detail for their intended purpose.
When considering whether a theoretical model adequately represents the facility, the inspector should seek to understand the purpose of calculations for which the theoretical model is employed, and what safety case claims it underpins. The inspector should be outcome-focused, and be open-minded to simplistic representations of facilities, where appropriate. 
Even with more complex calculation methods, dutyholders will often introduce simplifications to represent a facility. This may be related to omitting safety features, representing facilities with a very simplified nodalisation, or reducing the dimensions in a system (e.g. from 3D to 2D). This is common practice – however, the inspector should gain confidence that the simplifications still result in an adequate representation of the physical and chemical processes, lead to conservative results where appropriate, or that the calculation is not sensitive to the simplifications. This is particularly important for reactor physics and computational fluid dynamics (CFD) analyses, where too simple a nodalisation can mask phenomena, impacting safety.
When general purpose computer codes are employed (refer to below), the inspector may gain confidence that the dutyholder has considered advice from the code user manuals and/or the code vendor in building its models. 
AV.2 – Calculation methods
Calculation methods used for the analyses should adequately represent the physical and chemical processes taking place.
Computational calculation methods often simulate a wide range of chemical and physical processes in a facility, whether that be for fault progression, normal operation or for design purposes. The calculation methods are usually based on the understanding of phenomena or processes, implemented in computer codes using constitutive models and closure models. Many computer codes have generic applicability, and models can be built in many different ways. Other computer codes are more bespoke to their application and offer less flexibility. Regardless, it is ONR’s expectation that codes and models are validated and/or justified for use in their specific applications. For general application computer codes, there may be several models and capabilities not invoked in the analysis; inspectors should only target aspects of the calculation method that are significant to the safety case. For example, a code may be capable of modelling both light water reactors and heavy water reactors. If the safety case is for a light water reactor, the inspector should only focus on the relevant aspects.
Inspectors should seek to gain confidence that the dutyholder has undertaken an adequate process to identify the most significant physical and chemical processes relevant to the application of a calculation method. A common approach to this is the adoption of phenomena identification and ranking table (PIRT) technique. Inspectors should consider reviewing these to gain confidence in the dutyholder’s approach, and to inform their own targeting.  
Dutyholders should demonstrate the validity of the calculation method using a variety of approaches. This may include: benchmarking exercises, comparisons against other analytical solutions, comparisons with other calculation methods, experimental data and plant data, etc. 
Experimental data
Where possible, the calculation methods and models should be validated by comparison with actual experience, appropriate experiments or other real-world data, to a degree and depth proportionate to the safety significance of the calculations.
Calculation methods and models should be validated for each application made in the safety analysis (i.e. the validation basis should cover the entirety of the range of analysis in which a calculation method and model is used). The validation should be of the calculation methods and models as a whole or, where this is not practicable, on a module basis, against experiments that replicate as closely as possible the expected plant condition.
Inspectors should also consider evidence from top‑down or integral validation activities, which assess whether the calculation method, when applied as a whole, is capable of reproducing key aspects of overall plant or system behaviour relevant to the safety claim. Such evidence may include comparisons against integral experiments, plant commissioning tests, operational data, or well‑established reference cases, and should focus on the ability of the combined model to predict important figures of merit, trends and system interactions. While good agreement at an integral level does not remove the need for adequate bottom‑up validation of important phenomena, it can provide additional confidence that the interactions between models, assumptions and numerical implementation are appropriate for the intended application.
In reality, it is often not practicable to validate the model as a whole; therefore dutyholders choose to segregate phenomena and whole system performance. A common approach is to make comparisons of the models with data from separate effects tests and integral effects tests to validate individual modules of codes and systems as a whole, respectively. The dutyholder should justify the appropriateness of the experimental data for the application, considering factors including key design features, geometrical simplification, scaling effects, boundary conditions and conservation of pertinent parameters. 
Where dutyholders have access to real, relevant plant data from commissioning tests or operation of existing facilities, these should also be used for validation of calculation methods. 
Care should be exercised in the interpretation of experiments to take account of uncertainties in replicating the range of anticipated plant conditions. The limits of applicability of calculation methods should be identified.

When modelling fault progression, over the course of a fault transient, different models and correlations could be applied over different ranges of conditions that a system will experience. Where appropriate, the PIRT should subdivide transients into different phases to determine the most important phenomena at a given time. Inspectors should seek to gain confidence that the validation range for a calculation method (or modules within a code) bounds the range of application.
Where dutyholders make extrapolations of data to extend the claimed validation range of a calculation method, this should be justified. Inspectors should consider these arguments and whether further testing, sensitivity or uncertainty analysis, is necessary. In coming to a judgment, inspectors should consider the risk significance of the analysis, the conservatism in the analysis which may have pushed the model predictions outside of the validation range, and the uncertainties associated with the analysis. Inspectors can also gain confidence in the robustness of the case if dutyholders have clearly identified and justified any gaps or limitations in validation (refer to Section ‎5.5).
Inspectors should be aware of human influence and biases when performing validation of calculation methods or analysis. When reviewing comparisons against experimental data, inspectors should be aware of the potential for tuning of calculation methods or cherry-picking of data. It may be necessary and reasonable for a dutyholder to disregard some experimental data or tune a calculation method for various justifiable reasons; however, this reasoning should be provided in documentation. Dutyholders should aim to minimise biases when validating calculation methods so far as reasonably practicable. Blind and double-blind testing/analysis is favourable, but rarely performed in practice. With regards to best estimate plus uncertainty (BEPU) analysis, inspectors should be aware that analysis can be performed multiple times in order to achieve a favourable outcome. Inspectors should consider assessing the dutyholder’s arrangements for minimising biases. 
Other methods of validation
Where validation against real-world experience or experiments in not possible or is not reasonably practicable, a comparison with other, different, calculation methods may be acceptable. A dutyholder should also use these methods as supplementary evidence to relatively weak experimental evidence. The comparison calculation method should have been developed independently of that used in the safety case calculations and should be sufficiently different from it in either numerical methods or physical modelling to make the comparison worthwhile. Clearly, comparison with a calculation method which is a derivative of, or very similar to, that used in the safety case would not necessarily yield useful results for validation purposes; however, even these code-to-code comparisons may be useful for verification of a code.

For some calculation methods, analytical benchmarks with well-defined solutions are available that can be used as part of the validation evidence base. Analytical methods can also be used to identify upper and lower bounds of a fault condition. However, analytical methods generally only act as an additional test of the calculation method and do not assess the physical modelling used in a safety case calculation. An inspector should expect the use of such benchmarks to be supplemented with other evidence.
Where appropriate, independent checks using diverse methods or models should be carried out to supplement safety case analyses. However, the inspector should not expect to see two whole sets of analysis with the same purpose. Instead, a dutyholder should perform independent checks for aspects of the analysis that are not well validated for a specific application or have large uncertainties associated with them. 
General advice
The validation evidence of the calculation method should be summarised in the safety case (refer to Section ‎5.5). This is often represented by matrices in which the phenomena identified in the PIRT are evaluated against the available test data, supported by substantiation for each claim. An inspector should assess the credibility and completeness of such matrices, along with the narrative provided. The dutyholder may use a scoring system to summarise how well validated different aspects of the calculation method are. This can be helpful to the inspector when identifying areas to target, but the inspector should be mindful that this scoring is judgement based and somewhat subjective.
When assessing the credibility of a PIRT or test matrix, inspectors should consider the expertise and diversity of the participants involved. While a broad range of backgrounds can contribute to a more comprehensive perspective, the depth of expertise—particularly in niche or highly specialised areas—may be equally or more important. Inspectors should exercise careful judgement, weighing both the breadth and depth of experience to determine the robustness of the process. 
Uncertainties arising from validation methods should be recorded in order to make a judgment on the efficacy of a calculation method. However, inspectors should be aware that when performing conservative analysis, a detailed quantification of uncertainty may not be practicable. In these cases, qualitative evidence that the calculation method and analysis is sufficiently conservative may be appropriate.

Inspectors should be cognisant of the potential introduction of errors in multiphysics codes or where computer codes have been coupled. 
Often, calculation methods will use outputs from one code or module as boundary conditions for the next. These interfaces can potentially introduce errors. In some instances, the coupling will be softer, and feedback mechanisms will be ignored to simplify analysis. Where this is done, inspectors should be aware of the non-physical nature of the analysis. Depending on the use of the analysis, the inspector may find confidence in the approach if the output is demonstrably conservative.
AV.3 – Use of data
The data used in the analysis of aspects of plant performance with safety significance should be shown to be valid for the circumstances by reference to established physical data, experiment or other appropriate means.
Calculation methods often employ data taken from other databases. 
This may include, for example: as-built plant specifications, pump curves, materials data, discharge coefficients, neutronics data, thermal hydraulics properties, heat transfer properties, etc. 
Plant performance data will often be an input to the analysis and the data used in analyses will inform minimum requirements for design specification. In the design phase of a facility, the plant performance data may evolve. Inspectors should seek to gain confidence that the data used is either valid at the time of use, or the performance assumed in the analysis conservatively bounds the requirements captured in equipment specification. In any case, the dutyholder should present a justification for differences in representation of equipment performance with the design reference. In most cases, the implications of the gap in representation will be relatively straightforward to justify. However, in other cases, the gap in representation might be apparently conservative for one set of conditions and not another. The inspector should be cautious of blanket statements regarding the conservatism in plant performance.
Where uncertainty in the data exists, an appropriate safety margin should be provided. The limits of applicability of the available data should be identified and extrapolation beyond these limits should not be used unless justified.
Dutyholders may employ empirical correlations when performing analysis. 
A common example of this is departure from nucleate boiling correlations employed in deterministic analysis of pressurised water reactors. 
Where existing correlations are used, the inspector should gain confidence that they are being used within the validity domain. The inspector should target areas where they are potentially being used outside of the validity domain.  

Where third-party data is employed (for example nuclear data libraries), the inspector should consider the pedigree of the source. Where the data is limited or not well understood, more evidence may be required to demonstrate its validity, and a demonstration of low sensitivity to the data may be required (refer to Section 5.6).
BEPU analysis requires an understanding of physical parameters and their related uncertainty. Inspectors should seek to gain confidence in the underpinning of these parameters, targeting those that give rise to the largest sensitivity. In some cases, limited data may be available for a parameter and its uncertainty profile. Arguments may be of a more qualitative nature based on engineering judgement. Inspectors should bear in mind the overall sensitivity to the parameter when assessing the substantiation of probability distributions. 
AV.4 – Quality assurance of calculation methods
Calculation methods, models and datasets used in support of the safety analysis should be developed, maintained and applied in accordance with quality management procedures.
Adequate quality management of calculation methods, and training for calculation method users and developers, contributes to minimising errors and increases confidence in the calculations. Dutyholders should have arrangements for ensuring adequate quality management. 
These arrangements should identify measures and controls to provide confidence that calculations are undertaken without error, to a level commensurate with the importance to safety of the analysis being performed.
The arrangements should, where appropriate, address code and dataset verification, version control, testing, documentation, user qualification requirements and training, peer review and endorsement. The arrangements should specify independent verification of calculation methods and datasets to confirm consistency with the supporting documentation, as appropriate. 
In addition, the process of inputting data into a model should be independently verified.
Software tools and automated scripts used for processing input data to safety analysis codes, transferring data between codes or processing code output data before use in a safety case should also be subject to adequate quality management procedures. The potential impact of using different hardware should also be addressed by quality management procedures.

In complex facilities and projects, analysis techniques might be at differing levels of maturity and represent different design references. 
Adequate procedures for configuration control of models and design iteration should be in place, which should include independent checks of input data. 
It is important that the safety case clearly explains the model reference and the design reference against which it is representing.
For third-party computer codes, the code developer will be in control of quality assurance and code developer proficiency. In addition, where analysis has been performed by an external supplier, the dutyholder may not have direct access to user training records. However, the dutyholder is still responsible for how the code and output is being used in the safety case, and as an intelligent customer should carry out due diligence to ensure adequate quality assurance has been carried out. The dutyholder should have arrangements for carrying out that due diligence.
In addition, for third-party computer codes, the standard of code and user manuals may vary depending on the institution that developed the computer code. Where the standard is lower, this will place higher reliance on the expertise of the code user. This is of particular importance for CFD codes, which require a good user understanding of the code internals, limitations and the physical processes represented. An inspector may choose to sample calculation method users’ qualifications and training records to gain confidence in their proficiency. In addition, confidence can be gained in the use of such codes if the dutyholder is receiving adequate and direct support from the code vendor. 
[bookmark: _Ref204076081]AV.5 – Documentation
Documentation should be provided to facilitate review of the adequacy of the calculation methods, models and data.
ONR expects that dutyholders record all aspects related to validation in appropriate documentation. The safety case should justify the use of calculation methods for its application within the safety case.
Documentation should be readily available and accessible throughout the lifecycle of the facility. Below is a non-exhaustive list of the documentation that should included, as appropriate:
1. Validation methodologies – larger dutyholders may have standard approaches.
1. PIRT – this should identify the dominant phenomena for a given set of conditions (which may progress over time), and the documentation should seek to identify that the processes are validated.
1. Validation basis – details of comparisons to experimental data, analytical solutions, benchmarking, code-to-code comparisons etc. An evaluation of code biases and error should be included.
Calculation methods manual – details of governing equations, assumptions, numerical methods, physical models and correlations. 
User manual – guidance for users on constructing models using the calculation method and performing the analysis.
1. Limits of application - the limits for application of the calculation method for particular conditions/phenomena.
1. Additional correlations – any correlations not included in an ‘off-the-shelf’ computer code that are required for the analysis.
Evaluation models – details of the models constructed using the computer codes; including nodalisation schemes, correlations employed, heat transfer objects, user inputs etc.
Uncertainty evaluation – particularly for BEPU calculations, details of all parameters to be varied in the analysis and substantiation of the uncertainty profiles should be provided. 
User proficiency records – training records and qualifications of calculation methods developers and/or users.
Quality assurance – dutyholders should document all processes and how those processes are adhered to, as appropriate. This includes details of model testing, and any automated scripts employed. 
Wherever third-party codes or external suppliers of analysis have been used, and dutyholders may not have full access to all of the above; the dutyholder should nevertheless carry out due diligence and retain a record of that due diligence in determining the adequacy of the above. Further details related to ONR’s expectations for being an intelligent customer can be found in NS-TAST-GD-049 (Ref. [9])
The inspector should not expect the above list to be submitted wholesale to the ONR for every calculation method employed. It is more likely that a dutyholder will submit higher-level documentation to summarise the validation basis. Inspectors should use a graded approach (refer to Section 5.9) when determining what aspects to target and which documentation to sample.
The above list typically applies to complex computer codes. 
Simpler calculation methods may not require the same level of robustness. 
For example, if a dutyholder uses simple number processing tools to calculate the progression of faults in a spent fuel pool, the inspector should not expect a robust set of documentation as set out above.
ONR expects that a balanced safety case is provided, presenting both positive and negative aspects of supporting evidence (SAPs SC.4). 
Any gaps/limitations or detrimental evidence should be clearly identified in the validation documentation. If this is presented, confidence can be gained in the completeness and transparency of the dutyholder’s safety case.
AV.6 – Sensitivity studies 
Studies should be carried out to determine the sensitivity of the analysis (and the conclusions drawn from it) to the assumptions made, the data used and the methods of calculation.
A dutyholder should perform sensitivity analyses to provide additional confidence in its calculation methods. There are many applications for sensitivity analyses. Inspectors should expect to see, as appropriate, the following types of sensitivity studies in support of deterministic safety analysis: input assumptions, initial conditions, system availability, plant states, data sets and methods of modelling physical or chemical processes. 
Calculations are commonly performed with conservatism embedded to various degrees. Where calculation methods are used to simulate complex processes, it is not always clear which input parameters will lead to the most challenging outcome for a particular success criterion. In addition, the choice of extremes of the error band of a particular parameter may have competing effects. A dutyholder should justify the values used for the most important input parameters, and make available any sensitivity studies that underpin those values. The inspector should not expect to be presented with sensitivity analyses for every single parameter. Instead, judgement should be used on whether the input parameter justification is reasonable and target parameters that figures of merit may be sensitive to.
ONR also expects that, for design basis analysis, the most challenging or bounding plant state is identified and justified (SAPs FA.6). Different plant states may have unique initial conditions, which may have a significant impact on a transient. In most cases, qualitative justification for a bounding case may be sufficient. In others, sensitivity studies may be required. 
Again, the inspector should not expect to see analysis of all plant states. Inspectors should target areas where the bounding case or fault progression is not apparent. 

Some computer codes include multiple models to simulate similar physical or chemical processes, or multiple datasets. For the base case, the dutyholder should choose those which are most validated for the specific scenario. However, where uncertainty exists on the most appropriate model, the dutyholder should perform sensitivity analysis using multiple models. 
A dutyholder may argue that one model/data set is most appropriate, but another may lead to worse results. The aim is not to pessimise the analysis to the point where inappropriate models are used. However, where it is not apparent which is the most appropriate model, the use of a less conservative approach for the base case may be justifiable so long as no cliff-edge effects are observed. If cliff-edge effects are observed, a more robust justification should be provided. For third-party computer codes, the dutyholder will likely refer to user manuals and vendor recommendations. This is appropriate, but the dutyholder should demonstrate an understanding of each of the models and the implications of using them.
ONR expects that design basis analysis should include appropriate conservatism. As part of this, ONR expect that system availability assumptions are made appropriately conservative. This typically leads to assuming the worst single failure in a safety system design to respond to a fault, and penalising assumptions around safety-related equipment which exacerbate fault progression (SAPs FA.6). Sensitivity analysis should be considered to determine the worst-case system assumptions where they are not apparent. In many cases, the qualitative justification may be provided in higher-tier documents, with more detailed analysis in lower-tier documents. When considering whether detailed assessment of these sensitivity studies is required, the inspector should target areas which are known to have significant impact on fault progression, or faults which have a low margin to acceptance criteria.
An additional use of sensitivity studies on system availability may be to demonstrate that other uncertainties are of relatively low significance. 
For example, a dutyholder may demonstrate that even when important safety measures are not credited, the safety criteria are still met. This can be a compelling argument which inspectors should consider when targeting their assessment.  
For many general-purpose computer codes, the dutyholder has flexibility in how they represent a facility. The fidelity of the simulation will depend on the nodalisation or meshing. However, there is a limitation on the gains achieved by improving nodalisation. Moreover, over-nodalisation may introduce non-physical results. The dutyholder will likely take advice from the code vendor or user manuals. Where the appropriate nodalisation is not apparent, the dutyholder should perform sensitivity studies to determine the most appropriate approach. This is of particular importance for CFD and some reactor physics calculations where the results can be very sensitive to the nodalisation. The inspector should seek to gain confidence that, where appropriate, analysis has been performed to determine an adequate nodalisation. 
AV.7 – Data collection
Data should be collected throughout the operating life of the facility to check or update the safety analysis.
Analysis performed in the design phase of a facility may be reliant upon operational experience, experimental data, read-across data, extrapolations, assumptions and engineering judgement. During this phase, it is often not possible to meet the expectation of this SAP. An inspector is most likely to encounter this during GDA (or other early engagement). Whilst it may be possible for the dutyholder to set out arrangements to validate assumptions / analysis at a later stage, the inspector should target other areas for assessment during the design phase.
During commissioning, and through the life of the facility, operational data should be used to confirm that the analysis inputs, assumptions and models remain valid. Common examples of this are core physics tests and rod drop times. However, there may be other commissioning tests that the safety case is heavily reliant upon for underpinning the analysis, such as the performance of natural circulation systems. The inspector should be mindful of the importance of first of a kind testing, its application and how this is taken credit for in the safety case.  
Once operational, arrangements should be in place for the recording of data and updating safety case assumptions. This includes, but is not limited to, performance and failure data such as statistical data on initiating fault frequencies, component failure rates and plant unavailability during periods of maintenance or test, and data on external hazards.
AV.8 – Update and review
The safety analysis should be updated where necessary, and reviewed periodically.
The updates and reviews should take into account: 
changes to the facility or its operation since the design or construction stage and throughout its operating life; 
any new relevant technical and scientific knowledge, and operational experience, concerning plant behaviour and fault potential, including incidents occurring at other facilities; 
any material property changes and deterioration due to ageing not previously taken into account; and 
advances in analysis or modelling techniques.
Through the lifecycle of the facility, changes to knowledge, techniques, plant health, plant configuration and operability may necessitate an update to the safety analysis. In addition, incidents may occur which require the safety analysis to be revisited. Dutyholders should have arrangements that enable the safety analysis to be revisited. For the most part, this will form normal business under periodic safety review, if applicable. However, there may be occurrences which warrant a revisiting of the safety analysis outside of this process.
Over the operational lifetime of a facility, equipment and plant configuration may change. Arrangements for design modification may capture the necessity to update the analysis. However, more subtle changes that occur over time may be missed. When assessing a safety case, the inspector should expect to see justification for any differences in assumptions made in the analysis. Depending on the significance of the differences (either individually or cumulatively) it may be necessary for the dutyholder to revise assumptions made in historical safety analysis. For temporary changes to plant configuration or degradations, the dutyholder may present an interim safety case to justify continued operation. The inspector should consider the significance of the impact to safety and carefully consider the areas to target in their assessment. The inspector should be mindful of the sometimes long history associated with calculation methods and operation of the plant, and seek advice where necessary. 
Whilst ONR expects ageing and degradation to be accounted for in its analysis, in some instances, a dutyholder may find unexpected degradation that requires continuous monitoring and updating of models. This may, for example, introduce new failure modes, reduce the reliability of safety measures, reduce the effectiveness or performance of safety measures, increase the likelihood of initiating events etc. A dutyholder is likely to attempt to justify continued operation on the basis that risks have been reduced As Low As Reasonably Practicable (ALARP). In such cases, inspectors should consider longer-term predictions of behaviour. Where a dutyholder is revisiting input assumptions and reducing conservatism repeatedly, this may be an indicator that its understanding of the progression of degradation mechanism is not comprehensive; the inspector may, in such circumstances, wish to perform a deeper dive into the models employed, supporting assumptions and any experimental test facilities which support the safety case. It may be necessary to engage with specialist Technical Support Contractors (TSC).
Where computer codes, or the hardware that the computer codes run on, become obsolete or no longer supported by the developer or operating systems, the dutyholder should either justify continued use or move to a new methodology and update the safety analysis accordingly.
[bookmark: _Ref204073192]
Sources of uncertainty in data and models
When assessing the validity of data and models, inspectors should recognise that uncertainty arises from multiple sources throughout the development, validation and application of safety analysis methods, and is not limited to uncertainty in numerical input parameters. Sources of uncertainty may include the identification and representation of relevant phenomena, the form and applicability of models and correlations, numerical and discretisation choices, limitations in experimental or plant data, and the extent to which available validation evidence is representative of the specific facility, operating state or fault sequence under consideration. Uncertainty may also arise from assumptions regarding plant configuration and system availability, from the coupling of models or codes, and from human or organisational factors associated with model development and use. Inspectors should therefore take a holistic view of uncertainty, rather than focusing solely on whether uncertainties have been formally quantified.
Inspectors should consider whether the dutyholder has demonstrated an appropriate understanding of the key sources of uncertainty that could materially affect the safety claim being made, and whether these have been acknowledged and addressed in a transparent manner. This includes consideration of the limits of applicability of models and data, the relevance and coverage of validation evidence, and any important assumptions or simplifications on which the analysis relies. Confidence may be gained where the dutyholder has clearly articulated the limitations of the analysis and shown how these have been taken into account when drawing safety conclusions.
In applying a graded approach, inspectors should judge whether the treatment of uncertainty is commensurate with the risk. This includes consideration of the safety significance of the analysis, the degree of novelty and complexity, the level of uncertainty and the margin to acceptance criteria. Where uncertainty is large, poorly characterised or has the potential to give rise to cliff‑edge behaviour, inspectors should expect this to be reflected in the level of scrutiny applied and in the weight placed on the analysis within the safety case. Conversely, for well‑established methods applied within a well‑understood regime, a proportionate and primarily qualitative treatment of uncertainty may be sufficient, provided that residual uncertainties are recognised and appropriately accounted for in the overall safety argument.

Graded approach
Graded approach to conservatism
Dutyholders use a wide range of approaches for simulation of nuclear facilities. These approaches range from conservative models, with conservative system availability and conservative input parameters, through to a completely best-estimate approach. IAEA’s SSG-2 (ref. [6]) sets out the different options available for approach to deterministic analysis and explains where each approach may be applicable. In general, it is ONR’s expectation that conservatism is graded based on safety significance, gradually reducing as the risk associated with the calculations decreases. For further guidance on the types of approaches and level of conservatism that should be included in safety analysis, refer to NS-TAST-GD-006 (ref. [10]) and NS-TAST-GD-007 (ref. [11]).  
In general, the safety case should ideally provide and substantiate confidence levels and uncertainties for its calculations. However, it may not be practical to quantify the uncertainty of a code or a figure of merit calculated. This is particularly true where conservatism has been applied in calculations and input assumptions. In these cases, the inspector will be required to judge whether there is suitable conservatism in the analysis. 
The dutyholder’s arguments should be aided by sensitivity studies and/or qualitative arguments, as appropriate.
Proportionality and targeting
A graded approach to ONR’s assessment of computer calculations should be applied in line with the principles of proportionality and targeting. 
This TAG is not intended to be applied wholly by an inspector as a recipe for assessment. Inspectors should be mindful of the ONR policy on Risk Informed Targeted Engagements (ref. [12]) when assessing the validity of calculation methods. The level of novelty, understanding of the facility and phenomena of interest, and margin to acceptance criteria should be taken into account. 
The inspector should be aware of how significant a calculation method and its use is to the safety claims made by the safety case. More regulatory effort is likely required to be spent on the assessment of design basis analysis than severe accident analysis – including the assessment of validation of calculation methods. This may also be true for the degree in which a dutyholder validates its codes – for example, for simple or low safety significant calculation methods, a dutyholder will likely exert less effort in validating these methods. 
The inspector should also be aware of the historical application and context surrounding the calculation methods. Cognisance should be taken of previous application and assessment. In such occurrences, it may be appropriate to target any novel applications or modifications to the calculation method.  
Where well-established codes (usually third-party) are used for the first time in a UK safety case, the inspector should be cognisant of international recognition and target their attention accordingly, for example at areas of novelty in application.
For severe accident analysis, the experimental data available to support validation of codes are subject to considerable uncertainty. The exotic and large-scale nature of the experiments required for validation limits the ability of individual dutyholders to independently validate these codes. As a result, dutyholders generally rely on internationally developed and established severe accident integral codes, where validation is being advanced through coordinated international efforts. Accordingly, the inspector should take cognisance of these international experimental and validation activities when considering what is proportionate for an individual dutyholder to achieve in its validation and the level of assessment effort required. Inspectors should also seek to understand how the uncertainties are addressed through other means, for example through the use of conservative or bounding assumptions in the analyses. In addition, inspectors should consider whether uncertainty and sensitivity analyses have been used to explore the potential for cliff-edge effects or identify parameters that have a significant influence on the outcomes and plant response.
In general, the inspector should consider proportionality when assessing calculation methods. The inspector should consider the time, trouble and money required to produce additional validation evidence weighed up against the additional confidence it could provide when making a judgement as to whether the presented evidence is adequate.
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In many cases, the dutyholder may employ complex calculation methods or experimental techniques to underpin its safety case. Where ONR does not have the in-house capability or tools to assess the safety case, or where the knowledge and skills required for an assessment are limited, it may not be practical to perform the work in-house. 
In addition to the work that the dutyholder performs to provide confidence in the validation of a code, it is common practice, particularly in the review of new reactor designs, for ONR to employ a TSC to perform independent analysis or review of validation documentation. This can reveal strengths and weaknesses of the dutyholder’s calculation methods, and assist the inspector in targeting areas of greatest significance. When considering use of a TSC for such purposes, the inspector should consider in-house understanding of the technology, and previous work performed. It is not appropriate to justify TSC work only on the basis of what ONR has done in previous assessments.
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ALARP	As Low As Reasonably Practicable
BEPU	Best Estimate Plus Uncertainty
CFD	Computational Fluid Dynamics
GDA	Generic Design Assessment
IAEA	International Atomic Energy Agency
ONR	Office for Nuclear Regulation
TAG	Technical Assessment Guide
TSC	Technical Support Contractor
PIRT	Phenomena Identification and Ranking Table 
SAPs	Safety Assessment Principles
WENRA	West European Nuclear Regulators’ Association
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Revision commentary
	Issue
	Description of update(s)

	5.2
	Minor update to extend review date to allow time for major review in 2025. Format of document updated into latest TAG template. References to withdrawn documents/standards updated, where applicable.

	6
	Title change – from “Validation of computer codes and calculation methods” to “Assurance of validity of data and models”.
Significant update to TAG. Clearer alignment of expectations against the SAPs. Expansion of advice to inspectors. Removal of appendices related to computational fluid dynamics, code scaling, applicability and uncertainty and finite element modelling. Removal of definitions.
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