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Background
Engineered Structures, Systems and Components (SSCs) need to be designed to deliver their required safety functions with adequate reliability, according to the magnitude and frequency of the hazard, and so provide confidence in the robustness of the overall design. The design should incorporate redundancy to avoid the effects of random failure, and diversity and segregation to avoid the effects of Common Cause Failure (CCF). 
Diversity can be defined as the presence of two or more systems or components to perform an identified function, where the systems or components have different attributes so as to reduce the possibility of CCF, including common mode failure. CCF is described as a failure of two or more SSCs due to a single specific event or cause. The incorporation of diversity within a design will depend on the risks arising from CCF and a SSC’s ability to meet established reliability targets commensurate with its safety classification. This means that, where it is appropriate to do so, the incorporation of diversity in a design contributes to defence in depth and supports safety of the design in normal, fault and accident conditions.
Diversification of components is one such consideration to ensure safety measure reliability targets are achieved and safety is maintained. As systems are likely to use the same common components (e.g. valves, pumps, motors, sensors, breakers etc.), from similar manufacturing sources, a clear understanding of where diversity is required and how this could be achieved is needed. Analysis of a design for the CCF of components within a system, between levels of defence in depth, between a system’s trains and inter-related systems is important to ensure CCF does not undermine barriers for safety and that reliability targets can be met.
Industry operational experience and regulatory intelligence has demonstrated that consideration of the potential for CCF, and identification of where diversity at a component level can minimise this, is beneficial. Early identification of hazards stemming from CCF, and consideration of component diversity early in the design phase, aligns to principles established in relevant good practice (RGP) [5], which avoids foreclosure of risk reducing options and improves safety.
Therefore, comprehensive and systematic processes should be established to assess a design for CCF, and to apply diversification to components where it is found appropriate to do so.

As a part of ONR’s assessment we have sampled the RP’s arrangements for diversity [1] and its generic design. We have sampled components from safety significant systems with substantial claimed duties laid out in the RP’s safety case. We have engaged with the RP on its arrangements and the implementation of its arrangements, including raising two related regulatory queries (RQ) to seek further clarifications (RQ-01671, RQ-02232). On the basis of our assessment to date we have confirmed that the RP:
· Recognised the need for, and has determined that it is appropriate to diversify safety related components within its generic design.
· Does not currently have a comprehensive and systematic set of arrangements for the analysis and identification of component diversity requirements. 
· Has therefore not yet implemented those arrangements to the generic design. 
Whilst we recognise that it will not be possible to fully implement these arrangements to the maturing generic design during GDA, the lack of arrangements and a proportionate demonstration of their adequacy through application is judged to be a gap against ONR’s expectations for GDA.

Relevant Legislation, Standards and Guidance
ONR safety assessment principle (SAP) [3]:
· ONR (SAP) FP.4 (Safety assessment) – Dutyholders must demonstrate effective understanding and control of the hazards posed by a site or facility through a comprehensive and systematic process of safety assessment.
· ONR SAP SC.4 (Safety case characteristics) – A safety case should be accurate, objective and demonstrably complete for its intended purpose.
To achieve these, a safety case should:
· identify the facility’s hazards by a thorough and systematic process;
· link the information necessary to show that risks are ALARP, and what will be needed to ensure that this can be maintained over the period for which the safety case is valid;
· demonstrate that the facility conforms to relevant good engineering practice and sound safety principles. (For example, a nuclear facility should be designed against a set of deterministic engineering rules, such as design codes and standards, using the concept of ‘defence in depth’ and with adequate safety margins.) Instances where good practice has not been met should be identified and a demonstration provided to justify why these are considered to grossly disproportionate;
· ONR SAP EDR.2 (Redundancy, diversity and segregation) – Redundancy, diversity and segregation should be incorporated as appropriate within the designs of structures, systems and components.
· 183. It should be demonstrated that the required level of reliability for their intended safety function has been achieved. 
· ONR SAP EDR.3 (Common cause failure) - Common cause failure (CCF) should be addressed explicitly where a structure, system or component employs redundant or diverse components, measurements or actions to provide high reliability. 
· 187. Where required reliabilities cannot be achieved due to CCF considerations, the safety function should be achieved taking account of the  concepts of diversity and segregation, and by providing at least two independent safety measures.
ONR technical assessment guide (TAG):
· ONR TAG NS-GD-TAST-036 - Redundancy, Diversity, Segregation and Layout of Structures, Systems and Components [4] states in paragraph 68: 
The Duty Holder must be able to demonstrate that a structured approach has been taken to evaluate the CCF risk associated with each type of system, structure or component (SSC) that may be used in both First Line SSCs, and Diverse Line SSCs.
International guidance:
· International Atomic Energy Agency (IAEA) Safey of Nuclear Power Plants: Design SSR-2/1 [5].
Requirement 24: Common cause failures
The design of equipment shall take due account of the potential for common cause failures of items important to safety, to determine how the concepts of diversity, redundancy, physical separation and functional independence have to be applied to achieve the necessary reliability.
Regulatory Expectations
With reference to the RGP noted above, it is expected that the RP has documented suitable, comprehensive and systematic arrangements for the analysis, identification, documenting and implementation (where appropriate) of component diversity requirements.
Whilst it may not be possible for the RP to fully apply all aspects of those arrangements during GDA, ONR expects a proportionate demonstration of their adequacy through application. ONR also consider it important that they reflect the full scope of the work necessary and clearly indicate which activities may need to be taken forward at a later stage in design or by a future licensee. Similarly there is a need to define who will be involved in the decision making processes and how the arrangements form part of the wider engineering framework for the design.
ONR expects that the arrangements include:
· A definition of diversity and what relevant good practice has been used to inform the approach to component diversity.
· Details of what systematic means are used to determine where component diversity is required, and how this is done. For example, deterministic safety analysis, probabilistic safety analysis (PSA) and diversity studies.
· All types of components in the design across all relevant topic matters (e.g. mechanical engineering, electrical engineering, control & instrumentation, etc).
· Details of the analysis and, if appropriate, implementation of diversity of components between lines of defence and redundant components or trains. 
· Consideration of mitigations for where component diversity restrictions arise (e.g. lack of diverse manufacturers), and establish suitable contingency arrangements.
· Details of the means of achieving component diversity once requirements have been defined.
· Details of how the outcomes from diversity analysis are documented, both as part of the E3S case and in the RP’s requirements management approach.
During GDA we expect that the RP provides a demonstration of the adequacy of those arrangements through its application to the generic design. We recognise that the timescales for fully implementing these will be beyond GDA, and will be impacted by the differing levels of component level design maturity. However, a proportionate application to a range of components, linking this to the case regarding reducing the risks arising from CCF, and demonstrating how future activities are clearly defined is expected.
Regulatory Observation Actions and Resolution Plan
RO-RRSMR-015.A1 – Produce suitable, comprehensive and systematic arrangements for the analysis, identification, documenting and implementation of component diversity requirements.
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
Produce suitable arrangements which will allow the RP to determine where component diversity is required in the generic design.
The arrangements and/or processes should provide a comprehensive and systematic process, including how the design is analysed for risks arising from CCF and whether component diversity is needed to reduce this risk.

Roll-Royce Response to RO-RRSMR-015.A1
In response to this regulatory observation action, Rolls-Royce SMR will provide arrangements for component diversity, applicable to all components within the SMR, that:
· Describe the approach for identification of components that may be candidates for the implementation of component diversity both within and between levels of defence in depth[footnoteRef:2]. [2:  A level of Defence in Depth (DiD) consists of all the equipment, including support equipment, necessary to enable delivery of a particular fundamental safety function at that DiD level.] 

· Define the aspects of diversity and how they can be applied to components within the Rolls-Royce SMR.
· [bookmark: _Hlk215734364]Enable a graded application of component diversity to ensure that diversity is always implemented to the extent that is reasonably practicable, ensuring that plant risk is reduced ALARP.
· Set out how to apply that graded application.
These arrangements were under production within Rolls-Royce SMR prior to receipt of this RO, having been committed as a deliverable in response to RQ-02232 [6], and were submitted to ONR on the 30th September.
[bookmark: _Hlk215734199]The responsibility for undertaking tasks identified within the arrangements will, in line with Rolls-Royce SMR processes, be managed through a gated review process. The gated review process is set out in C3.2.1-3 [12].
[bookmark: _Ref207782061]Table 1: RO-RRSMR-015.A1 Deliverables
	Title
	Description
	Deliverable Date

	[bookmark: _Hlt213837801][bookmark: _Hlt213837802]Component Diversity Design Guidance [7]
	[bookmark: _Hlk215734533]This document provides guidance on component diversity, and specifically where diversity of  components should be targeted for use in the RR SMR design, as well as approaches for achieving this diversity. It provides guidance on the assessment of reasonable practicability with regard to the implementation of component diversity.
	30th September 25



RO-RRSMR-015.A2 – Demonstrate the adequacy of component diversity arrangements through application to the generic design
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
Demonstrate the adequacy of the component diversity arrangements provided in response to Action A1, through a proportionate application to the generic Rolls-Royce SMR Ltd design. 
ONR are seeking confidence that, if they were to be applied in full the arrangements would lead to:
· A thorough and complete analysis of the Rolls-Royce SMR Ltd design;
· identification of components at risk of CCF; 
· incorporation of component diversity where this is determined to be approporiate for reducing the risk arising from from CCF; and
· a traceable evidence trail that documents the decision making.
Roll-Royce Response to RO-RRSMR-015.A2
In response to this Regulatory Observation Action Rolls-Royce SMR will provide documentation demonstrating the application of the arrangements provided in response to RO-RRSMR-015.A1 to the DiD3a (first line) and DiD3b (second line) means of at power Control of Fuel Temperature (CoFT) [8]. These are:
· Passive Decay Heat Removal (PDHR) [JN02] Safety Measure [9] – DiD3a.
· Emergency Core Cooling (ECC) [JN01] Safety Measure [10] – DiD3b.
These are both supported by variants of the Faulted Containment [JM01] Safety Measure [11], which will also be considered.
The rationale for limiting the scope of the assessment for the purposes of this resolution plan is to ensure that a comprehensive demonstration of the application of arrangements is provided. Prioritising application in a limited area initially will also enable learning from the initial application to inform the planned later assessments. Ultimately, although not within the scope of the submissions proposed in this Resolution Plan, the component diversity arrangements will be applied to all safety measures.
[bookmark: _Hlk215735741]Rolls-Royce SMR will undertake an assessment of components in systems supporting PDHR and ECC to identify instances where the same component type has been used, or, in the case that a specific component has not yet been specified, may be used. This information will then be utilised to identify a list of possible candidates for component diversity both within and between safety measures. Screening will be applied, and captured within the Component Diversity Candidate Screening Report, to remove diversity candidates for which the implementation of diversity would not be reasonably practicable, i.e. those for which the time, trouble, cost or effort associated with implementing any aspect of diversity would clearly be grossly disproportionate to any risk benefit that could be derived based upon PSA risk contribution, and arrive at a refined list where detailed evaluation is required.
In support of this work, and to enable rapid identification of significant CCF risks, a standalone CCF report will be produced detailing the significant contributors to CCF risk within the PSA model. This report will consider CCF risks both within and between levels of Defence in Depth. In line with the approach set out above, this report will consider CCF between the DiD3a (first line) and DiD3b (second line) means of at power CoFT, i.e. PDHR [JN02] and ECC [JN01]. The Faulted Containment [JM01] Safety Measure will also be considered.
[bookmark: _Hlk215734971]To support the resolution of this RO, the Component Diversity Candidate Screening report and the PSA report will be utilised to identify several CCF risks associated with PDHR or ECC for which the reasonable practicability of the application of component diversity will be assessed in detail and the application of reasonably practicable diversity will be undertaken. These assessments will be representative of the work that will be undertaken for all CCF risks as part of the wider generic design programme for the RR SMR. This application, together with justification as to why it reduces risks to ALARP, will be presented in a document. This design and justification information may eventually be integrated into extant safety case documents, such as System Design Descriptions and Component Substantiation Reports, however, a standalone report capturing the same information will be produced to support GDA to enable integration into the safety case.
[bookmark: _Hlk215735289]The components to be selected for assessment will be agreed by consultation between Rolls-Royce SMR and ONR following submission of the Component Diversity Candidate Screening Report. A schedule of submissions will also be agreed at the same time, however, regardless of the specific schedule agreed, all identified Component Diversity Implementation Reports will be submitted by the 17th December 2026.

Table 2: RO-RRSMR-015.A2 Deliverables
	Title
	Description
	Deliverable Date

	Component Diversity Candidate Screening Report
	This document will identify candidate components where diversity could be implemented within and between ECC and PDHR and screen them to produce a refined list for detailed consideration.
	30th June 26

	PSA Model CCF Risk Contributor Report
	[bookmark: _Hlk215734800]This document will identify the top contributors to overall CCF risk within the PSA model, focusing on ECC and PDHR. The report will include consideration of CCF risks both within and between levels of Defence in Depth.
	31st March 26

	Component Diversity Implementation Report(s)
	This document will detail and justify the implementation of reasonably practicable component diversity for a component selected from the PSA Model CCF Risk Contributor Report.
	(by) 
17th December 26
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Impacted Submissions
[bookmark: _Ref207610401]Table 3: Impacted Submissions
	Existing Submission
	Impact

	Environment, Safety, Security and Safeguards Case Version 3, Tier 1, Chapter 3: E3S Objectives and Design Rules for SSCs (SMR0004589 Issue 4)
	Subsequent revisions to the document will reflect diversity design guidance set out in RO-RRSMR-15.A1.

	Environment, Safety, Security and Safeguards Case Version 3, Tier 1, Chapter 6: Engineered Safety Features (SMR0003771 Issue 4)
	Subsequent revisions to the document will reflect the implementation of diversity design guidance set out in RO-RRSMR-15.A2.
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