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	REGULATORY OBSERVATION:

	Background
Fault analysis is fundamental to the justification that adequate safety provisions are present in the design and that risks have been reduced as low as reasonably practicable (ALARP). Holtec’s preliminary safety report (PSR) (Refs 1, 2, 3) identifies that the fault analysis for the SMR-300 design is at a preliminary stage of development. In certain areas the fault analysis presented is of insufficient maturity to draw conclusions on the fundamental adequacy of the design against the expectations set out in the SAPs.

The set of postulated initiating events presented in GDA Step 2 for the SMR-300 (Ref 4) is currently based on a list of scenarios prescribed by the US regulator, supplemented by a review of initiating fault lists from previous designs which employ similar technology. It has not been demonstrated that a complete list of postulated initiating events has been derived with some initiating events that could be postulated for the design not present in the list.

Some preliminary design basis analysis (DBA) work has been undertaken for a limited set of initiating events (Ref 5) and a broader scope indicative analysis is presented in the preliminary fault schedule (PFS) (Ref 4). The work undertaken has raised some potential shortfalls that would need to be addressed and raised recommendations for further work. A limited set of design basis principles against which the analysis has been undertaken have been presented, however several expectations on DBA principles have not been included in the analysis (RQ-01697, RQ-02120, RQ-02002), as such, given the relative novelty of the design of the safety systems provided for emergency core cooling, the DBA currently presented is not sufficient to draw conclusions on the adequacy of the redundancy and diversity in the design of the safety structures, systems and components (SSCs) provided for core cooling at level 3 defence in depth (RQ-01584).

Holtec has identified some accident management strategies for severe accidents in the SMR-300 design, such as in-vessel retention for mitigating the consequences of a core melt scenario, provision of passive autocatalytic recombiners for hydrogen management, and the passive containment heat removal system for managing containment temperature and pressure, however the derivation of severe accident scenarios and justification of appropriate safety measures has yet to be undertaken.

A probabilistic safety assessment (PSA) model for the SMR-300 design was not available to support GDA Step 2. A PSA model developed for the SMR-160, which utilised similar safety systems as the SMR-300 has been used to draw conclusions on the SMR-300 design supported by arguments and sensitivity studies as to the applicability of the conclusions of the other model. Some methodological gaps to regulatory expectations have additionally been identified (RO-HOLTECSMR300-010).

The identification and categorisation of safety functions and classification of SSCs has been undertaken according to a process that does not meet the expectations set out in NS-TAST-GD-094 (Ref. 11). Holtec has recognised this potential gap and has undertaken preliminary assessment of safety functions and SSCs according to a revised methodology which meets the expectations of Reference 11.However, this preliminary work only presents indicative safety functions and classification of safety SSCs derived from this revised process as part of the preliminary DBA and PFS (Refs 5 & 4).

Holtec has recognised the shortfalls in fault analysis maturity described (Refs 5, 6) and raised a commitment in the PSR (C_Faul_103) to undertake a more comprehensive safety assessment aligned to regulatory expectations (as set out in ONR’s SAPs and TAGs) subsequent to the generic design assessment process. However, due to the significance the fault analysis to the overall justification of the design, this Regulatory Observation has been raised to specify the actions required to close the gaps in addition to the commitment made by the RP.

Relevant Legislation, Standards and Guidance
The guidance detailed in this section outlines ONR’s expectations relevant to the gaps identified. This should not be considered a complete or exhaustive list but aims to highlight the more pertinent expectations relevant to the actions of this regulatory observation.
Designers and/or dutyholders may wish to put forward safety cases that differ from ONR’s expectations, such submissions are considered on their individual merits. ONR will need to be assured that such cases demonstrate equivalence to the outcomes associated with the expectations, and such a demonstration may need to be examined in greater depth to gain that assurance.

The following Safety Assessment Principles (SAPs) (Ref 7) are relevant:
· The Fault Analysis (FA) series of SAPs
· The Engineering Key Principles (EKP) series of SAPs
· The Safety Classification and Standards (ECS) series of SAPs
· The Design for Reliability (EDR) series of SAPs
· SAP NT.1 - Numerical targets and legal limits: Assessment against targets

The following Technical Assessment Guides (TAGs) are relevant:
· NS-TAST-GD-006 – Design Basis Analysis (Ref 8)
· NS-TAST-GD-007 – Severe Accident Analysis (Ref 9)
· NS-TAST-GD-075 – Safety of Nuclear Fuel in Power Reactors (Ref 10)
· NS-TAST-GD-094 – Categorisation of Safety Functions and Classification of Structures, Systems and Components (SSCs) (Ref 11)

The following guidance from the International Atomic Energy Agency (IAEA) is relevant:
· GSR Part 4 – Safety Assessment for Facilities and Activities (Ref 12)
· SSR-2/1 – Safety of Nuclear Power Plants: Design (Ref 13)
· SSG-2 – Deterministic Safety Analysis for Nuclear Power Plants (Ref 14)
· SSG-88 - Design Extension Conditions and the Concept of Practical Elimination in the Design of Nuclear Power Plants (Ref 15)
· SSG-30 - Safety Classification of Structures, Systems and Components in Nuclear Power Plants (Ref 16)
· SSG-61 - Format and Content of the Safety Analysis Report for Nuclear Power Plants (Ref 17)

The Following Western European Nuclear Regulators Association (WENRA) publications are relevant:
· WENRA Reference Level E6 - Combination of Events (Ref 18)
· WENRA report on safety of new NPP designs Objective 3 position 1 – Defence in Depth (Ref 19)

Initiating event identification: 
SAP FA.2 sets out the expectation that all initiating faults which have the potential to lead to a dose to a worker in excess of 0.1 mSv or to a person off site in excess of 0.01 mSv should be identified, and that all plant states and operating modes should be included. 
SAP EHA.1 additionally sets out the expectation that all internal and external hazards that could affect the safety of the facility should be identified.

Design basis fault sequences: 
SAP FA.6 sets out the expectation that design basis fault sequences should be identified which include: 
· the most onerous initial conditions permitted by the Limits and Conditions of Operation (LCOs), 
· no contribution from non-safety systems unless operation of the system would exacerbate the consequences,
· failures or unintended operation of equipment not qualified for the specific accident conditions that could exacerbate the consequences,
· any failures that would be expected to occur as a consequence of the fault progression (this should include consideration of the hazards arising from the fault as set out in SAP EHA.6),
· any failures arising from a common cause as the initiating event (SAP EDR.3 additionally sets the expectation that common cause failure claims should be substantiated),
· single failures in the safety measures which is also set out in SAP EDR.4 (TAG 006 additionally clarifies that failure of passive components should not be excluded from consideration in application of the single failure criterion, and that any passive components excluded should be justified),
· the worst normally permitted configuration of equipment outages for maintenance, test, or repair.
TAG 006 additionally sets out the expectation that design basis faults more frequent than 10-3/yr should have additional fault sequences specified in which failure of the principle means of delivering a safety function is assumed. 
WENRA reference level E6 and IAEA SSR-2/1 set out the expectation that credible combinations of events should be included within the design basis.
SAP FA.6 includes the expectation that operator actions claimed as part of safety measures should be analysed (SAP EHF.5), and sufficient time, information, procedures and training should be demonstrated to be available.
Analysis of the design basis fault sequences should provide a key input to demonstrating that the expectations set out in SAP EDR.2 have been met, that redundancy, diversity and segregation should be incorporated as appropriate within the designs of structures, systems and components such that it is demonstrated that the required level of reliability for their intended safety function has been achieved.

Analysis of complex fault sequences: 
SSR-2/1 Requirement 20 sets out the expectation that a set of design extension conditions shall be derived which comprise accidents that are either more severe than design basis accidents or that involve additional failures. 
SSG-2 provides additional guidance on the requirement stating two separate categories of design extension conditions should be identified: design extension conditions without significant fuel degradation (DEC-A); and design extension conditions progressing to core melting (severe accidents/DEC-B). SSG-2 sets out the expectation that a deterministically derived list of design extension conditions without significant fuel degradation (DEC-A) should be developed that includes:
· Very low frequency initiating events typically not considered as design basis accidents.
· Anticipated operational occurrences or design basis accidents combined with multiple failures in safety systems.
· Postulated initiating events involving multiple failures.

Severe accident analysis: 
SAP FA.15 sets out the expectation that all scenarios and sequences with the potential to lead to a severe accident should be analysed.
SAP FA.16 sets out the expectation that severe accident analysis should be used in the consideration of further risk reducing measures. 
SSG-2 sets out the expectation that a number of specific sequences with core melting (severe accidents/DEC-B) should be selected for analysis in order to establish the design basis for the safety features for mitigating the consequences of such accidents, and that it should be assumed that the features to prevent core melting fail or are insufficient, and that the accident sequence will further evolve into a severe accident. The analysis of these sequences should provide the environmental conditions to be taken into account when assessing whether the equipment used in severe accidents is capable of performing its intended functions when necessary. 
SSG-2 additionally sets out the expectation that a low estimated frequency of occurrence for an accident with core melting is not a sufficient reason for failing to protect the containment against the conditions generated by such an accident. Core melt conditions should be postulated regardless of the provisions implemented in the design. To exclude containment failure, the analysis should demonstrate that very energetic phenomena that may result from an accident with core melting are prevented (i.e. the possibility of the conditions arising may be considered to have been ‘practically eliminated’). 
SSG-2 sets out the expectations that analysis of DEC-B events should demonstrate that the integrity of the containment is maintained and that on-site radiological acceptance criteria should ensure the habitability of the control locations (i.e. the control room, supplementary control room, and other emergency response facilities and locations) and the areas used to move between them. 
SSR-2/1 Requirement 7 sets the expectation that safety features for DEC-B events are as far as practicable independent from safety systems, and SSG-2 additionally sets the expectations that safety systems should not be credited in the analysis of severe accidents unless it is shown with reasonable confidence that their failure is not part of any scenario that the severe accident sequence is meant to cover and the equipment will survive realistic severe accident conditions for the period that is necessary to perform its intended function.
Analysis of severe accidents should be performed using a realistic approach to the extent practicable, and sensitivity analyses should be performed to demonstrate the robustness of the results and the conclusions of the severe accident analyses. SSG-2 sets out the expectation that best estimate assumptions may be used regarding operator actions for the analysis of design extension conditions.
Further guidance is provided in TAG 007 and SSG-88.

Defence in depth: 
SAP EKP.3 sets out the expectation that nuclear facilities should fulfil the overall safety objective through the application of the defence in depth concept. 
SSR-2/1 sets out the expectation that the levels of defence in depth shall be independent as far as practicable to avoid the failure of one level reducing the effectiveness of other levels. 
The WENRA objectives for new NPPs objective 3 sets out the expectation that new NPPs should be designed to enhance the effectiveness of the independence between all levels of defence-in-depth, in particular through diversity provisions (in addition to the strengthening of each of these levels separately…), to provide as far as reasonably achievable, an overall reinforcement of defence-in-depth. 
SSG-61 sets out the expectation that the safety analysis report contains a section that presents how the defence in depth concept has been incorporated into the design and demonstrates that measures have been taken for adequate robustness and independence of levels.

Safety function categorisation: 
SAP EKP.4 sets out the expectation that the identification of safety functions should be based on an analysis of normal operation and all significant fault sequences arising from possible initiating faults determined by fault analysis. 
SAP ECS.1 sets out the expectation that safety functions should be categorised based on their significance with regards to safety and that the method for categorising safety functions should take into account: 
· the consequence of failing to deliver the safety function; 
· the likelihood that the function will be called upon; 
· the extent to which the function is required, either directly or indirectly, to prevent, protect against or mitigate the consequences of initiating faults. 

Safety classification of SSCs: 
SAP ECS.2 sets out the expectation that structures, systems and components that have to deliver safety functions should be identified and classified on the basis of those functions and their significance to safety. The methods for classifying the safety significance of structures, systems or components should be based primarily on deterministic methods, complemented where appropriate by probabilistic methods and engineering judgement, with account taken of factors such as: 
· the category of safety function(s) to be performed by the SSC; 
· the probability that the item will be called upon to perform a safety function; 
· the potential for a failure to initiate a fault or exacerbate the consequences of an existing fault, including situations where the failure affects the performance of another system, structure or component; 
· the time following any initiating fault at which, or the period throughout which, it will be called upon to operate in order to bring the facility to a stable, safe state.
Appropriately designed interfaces should be provided between, or within, SSCs of different classes to ensure that any failure in a lower class item will not propagate to an item of a higher class, equipment providing the function to prevent the propagation of failures should be assigned to the higher class. Auxiliary and essential services that support components of a system important to safety should be considered part of that system and should be classified accordingly unless failure does not prejudice successful delivery of its safety functions. 
Where safety functions are delivered or supported by human action, these human actions should be identified and classified on the basis of those functions and their significance to safety (SAP EHF.3). The methods used for determining the classification should be analogous to those used for classifying structures, systems and components. 
Further guidance is provided in TAG 094 and SSG-30.

Use of fault analysis:
The fault analysis should be a key input to the engineering requirements of the facility.
SAP FA.9 sets out the expectation that DBA should provide the main basis for the performance requirements and safety settings (e.g. actuator trip settings) for safety systems and safety-related equipment; conditions governing permitted plant configurations and the availability of safety systems and safety-related equipment; and the safe operating envelope for the facility.
SAP FA.14 sets out the expectation that PSA should be used to inform the design of the facility, the setting of operating rules, and plant configuration control.
SAP FA.16 sets out the expectation that SAA is used to assist in identification of further reasonably practicable preventative or mitigation measures.
The fault analysis should be used to inform the safety classification of SSCs and any associated human actions which in turn helps set reliability and design requirements on the engineering design.

Regulatory Expectations
ONR has identified some potential gaps in the fault analysis methodologies submitted and the methodologies are of a low level of maturity in some areas. Action 1 therefore expects that a mature and complete set of fault analysis methodologies are presented which are consistent with ONR’s regulatory expectations. Action 1 additionally expects that a strategy should be presented that sets out the work that will be undertaken to apply the fault analysis methodologies and to develop the safety assessment and justification to a level commensurate with the relevant future safety case milestones. The methodologies and strategy presented should ensure appropriate coverage of the following topics:
· hazard and fault identification, 
· design basis analysis, 
· probabilistic safety assessment,
· severe accident analysis, 
· safety function categorisation & safety classification of structures, systems, and components,
· human factors analysis
· assessment of defence in depth,
Where information produced for other projects or for other regulatory regimes is to be employed in the fault analysis this should be supported by information on the standards and methodologies to which the information was developed, and a gap analysis between those standards and methodologies and the methodologies developed in response to Action 1.
A complete application of the fault analysis methodologies is not expected in response to Action 1 The response should include the strategy for the application of the methodologies to a level of maturity and scope appropriate for future safety case milestones.
Whilst Internal and External Hazard analysis are not explicitly covered by this RO, the development of the strategy should take these topics into account and identify any interfaces and dependencies.  This should also be considered in response to Actions 2,3, and 4.
A complete set of transient analysis and justification of fully validated codes are not expected in response to Action 1. The response should include the strategy for the delivery of an appropriate set of transient analysis, codes validation evidence, and design and component substantiation at a level of maturity and scope commensurate with future safety case milestones.
Complete application of a process for safety function categorisation and classification of SSCs and human actions is not expected in response to Action 1. The response should provide the methodologies to be applied, and the strategy and scope for their application.

ONR has identified that the hazard and fault identification has been primarily based on operating experience lists derived from other reactor designs employing similar technology, but the novel features of the SMR-300 would not be represented in those lists. The work was undertaken with limited application of systematic fault identification techniques, and there were potential gaps in the list of postulated initiating events. 
Action 2 therefore expects submission of a report summarising the hazard and fault identification undertaken for the SMR-300 design which details and justifies the methodologies employed, the scope of the activities undertaken, and the completeness of the results. The methodologies employed should be specified as part of Action 1 and justified as complete and appropriate. This should include appropriate identification of internal hazard initiating events and complex combinations of events such as design extension condition (DEC-A) scenarios.

ONR has identified some gaps to regulatory expectations – as set out in the relevant legislation, standards, and guidance above - in the assumptions used in Holtec’s specification of design basis fault sequences, most notably in the treatment of passive SSCs in application of the single failure criterion and consideration of coincident faults. Holtec’s identification and analysis of complex fault sequences such as design extension condition (DEC-A) scenarios is additionally at a low level of maturity. Given the 2 train design of the safety systems provided for emergency core cooling consideration of these gaps has the potential to affect the justification of the level of redundancy and diversity in the emergency core cooling safety systems. 
In response to Action 3 a report should therefore be presented that outlines how appropriate deterministic assumptions have been included in the specification of the design basis fault sequences including consideration of passive components as part of the single failure criterion and justification of any exclusions, consideration of common cause failures and justification of any exclusions, consideration of coincident faults and unrevealed failures, consideration of consequential failures arising from faults including from internal hazards. The report should additionally provide consideration of complex fault sequences such as DEC-A scenarios, and should demonstrate that the 2 train designs of the safety systems provided for emergency core cooling are sufficiently robust and that adequate diversity and redundancy is provided in the design.

ONR has identified that Holtec’s severe accident analysis is at an early stage of maturity such that there has been no identification of severe accident scenarios presented and therefore no justification that there are appropriate protection and mitigation measures provided for such scenarios. There has additionally been no justification presented that large or early releases have been practically eliminated. ONR has additionally identified some potential challenges in Holtec’s application of defence in depth around the independence of safety measures provided at the different levels, and the demonstration that failure of barriers to release are prevented as far as reasonably practicable.
In response to Action 4 a report should be provided that presents the arguments and evidence to demonstrate that large or early releases of radioactivity have been practically eliminated. The report should additionally present the arguments and evidence to demonstrate that adequate severe accident scenarios have been specified and analysed according to the methodologies set out in response to Action 1, and that appropriate safety measures have been provided in the design to protect or mitigate against those scenarios. The report should also present a justification of the application of the defence in depth in the design and that there are sufficient safety measures provided at each level of defence in depth which are - as far as is reasonably practicable – independent, and that the design prevents the failure of barriers to release as far as is reasonably practicable.
The level of detail provided in response to Actions 2, 3 and 4 should take into account the level of design detail and maturity of fault analysis commensurate with the relevant safety case milestone – as set out in response to Action 1.  

References
[1] HI-2240345 Holtec SMR-300 PSR Part B Chapter 14 Safety/Design Basis Accident Analysis, Revision 1, 27 June 2025.
[2] HI-2440346 Holtec SMR-300 PSR Part B Chapter 15 Severe Accident Analysis and Emergency Preparedness, Revision 1, 25 June 2025.
[3] HI-2240347 Holtec SMR-300 PSR Part B Chapter 16 Probabilistic Safety Analysis, Revision 1, 26 June 2025.
[4] HI-2441323 Preliminary Fault Schedule Report, Revision 0.2, 20 December 2024.
[5] HI-2241577 SMR-300 GDA UK DBAA Summary Report, Revision 0, 14 February 2025.
[6] HI-2250231 Design Challenge – Single Failure Criterion in Passive Safety Systems, Revision 1, 16 June 2025.
[7] Safety Assessment Principles for Nuclear Facilities 2014 Edition, Rev 1, January 2020.
[8] NS-TAST-GD-006 Design Basis Analysis, issue 5.1, December 2022.
[9] NS-TAST-GD-007 Severe Accident Analysis, issue 5.1, December 2022.
[10] NS-TAST-GD-075 Safety of Nuclear Fuel in Power Reactors, issue 3.1, December 2022.
[11] NS-TAST-GD-094 Categorisation of Safety Functions and Classification of Structures, Systems and Components (SSCs), issue 2.1, May 2025.
[12] IAEA GSR Part 4 Safety Assessment for Facilities and Activities, Rev 1, 2016.
[13] IAEA SSR-2/1 Safety of Nuclear Power Plants: Design, Rev 1, 2016.
[14] IAEA SSG-2 Deterministic Safety Analysis for Nuclear Power Plants, Rev 1, 2019.
[15] IAEA SSG-88 – Design Extension Conditions and the Concept of Practical Elimination in the Design of Nuclear Power Plants, 2024.
[16] IAEA SSG-30 – Safety Classification of Structures, Systems and Components in Nuclear Power Plants, 2014.
[17] IAEA SSG-61 Format and Content of the Safety Analysis Report for Nuclear Power Plants, 2021.
[18] WENRA Safety Reference Levels for Existing Reactors 2020, February 2021.
[19] WENRA report Safety of new NPP designs, March 2013.

	REGULATORY OBSERVATION ACTIONS

	RO-HOLTECSMR300-011.A1 – Provide fault analysis methodologies and a strategy for further development of the fault analysis.

In response to this Regulatory Observation Action, Holtec should:

Provide fault analysis methodologies and a strategy for the further development of the fault analysis for the SMR-300 in-line with regulatory expectations and consistent with future safety case and design development milestones. This should include:
· hazard and fault identification, 
· design basis analysis, 
· probabilistic safety assessment (note that PSA methods are also covered by RO-HOLTECSMR300-010),
· severe accident analysis, 
· safety function categorisation & safety classification of structures, systems, and components,
· human factors analysis
· assessment of defence in depth,
where information or input is to be employed from other projects or that has been developed for other regulatory regimes, the strategy should identify and justify the how this work will be employed in the safety case, the standards or methodologies applied and an associated gap analysis to ONR’s regulatory expectations.

Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-HOLTECSMR300-011.A2 – Hazard and fault identification

In response to this Regulatory Observation Action, Holtec should:

Provide a report summarising the hazard and fault identification undertaken for the SMR-300 design which details and justifies the methodologies employed, the scope of the activities undertaken, and the completeness of the results. 

Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-HOLTECSMR300-011.A3 – Redundancy and diversity

In response to this Regulatory Observation Action, Holtec should:

Provide a report which sets out the justification for the degree of redundancy and diversity of safety structures, systems, and components provided to fulfill the emergency core cooling safety function at level 3 defence in depth in the SMR-300 design. The report should include consideration of:
· The methodologies specified in response to Action 1.
· The faults identified in response to Action 2,
· single failure tolerance, including consideration of single failures of passive components and appropriate justification of those excluded from consideration,
· common cause failures and appropriate justification of those excluded from consideration,
· consequential failures both from resulting internal hazards and from systematic failures such as spurious activation of control and instrumentation equipment,
· coincident faults that might occur at sufficient frequency as to warrant consideration within the design basis, including potential unrevealed failures,
· complex faults sequences that are identified as appropriate candidates for DEC-A scenarios.

Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-HOLTECSMR300-011.A4 – Defence in depth and practical elimination

In response to this Regulatory Observation Action, Holtec should:

Provide a report that justifies the application of defence in depth for the SMR-300 design and that the potential for large or early releases of radioactivity has been practically eliminated. This should include consideration of degraded plant states with core melt (DEC-B events) and appropriate identification of safety measures to effectively mitigate the consequences of such events.

Resolution required by 'to be determined by Holtec Resolution Plan'
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