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Regulatory Observation
Background
The majority of the Rolls-Royce SMR reactor island is supported by a basemat which sits on top of elastomeric bearings. The bearings are part of the seismic isolation system (SIS). The SIS supports many of the Safety Class 1 reactor island structures, systems and components (SSCs). The SIS decouples horizontal accelerations between the basemat and the foundations in a seismic event. There is no precedent for such a system in UK Nuclear Power Plants (NPPs) and only limited international precedent in France and South Africa. The analysis of nuclear facilities with seismic isolation is covered in references  [1] and [2] but, to ONR’s knowledge, the standards cited have not been implemented in practice. There are no nuclear specific codes and standards covering the detailed design and testing of elastomeric bearings applicable to this use.

Rolls-Royce SMR Limited, the Requesting Party (RP), state in their Structural Design Method Statement (SDMS) [3] that a hybrid design approach will be adopted for the SIS where the analysis and general performance requirements will be in accordance with ASCE 43-19 [2] and ASCE 4-16 [1] and the local verification and testing protocols of the bearings will be accordance with BS EN 15129 [4] and BS EN 1337-1 [5]. BS EN 15129 [4] covers the design of seismic bearings but is not intended for nuclear applications and the reliability achieved is unclear. The testing requirements for the bearings are outlined in the RP’s Aseismic Bearing Testing Specification [6]. 

ONR expect that each code or standard should be supplemented or modified as necessary to a level commensurate with the importance of the relevant safety function (Safety Assessment Principles (SAPs) [7] ECS.4 and ECS.5). The SIS is a Safety Class 1 SSC and it is therefore expected that the RP should review the reliability provided by these standards and make modifications as necessary. This concern was raised at GDA Step 2 in the civil engineering step 2 assessment report [8] and in RQ-01228 with reference made to the ONR research report on seismic isolation [9]. 

The Structural Design Method Statement [3] states that instead of adopting the reduced shear strain limit proposed by ENEA, a risk-based approach will be adopted to quantify the reliability of the SIS and demonstrate compliance with the set Target Performance Goal in ASCE 43-19 [2]. ONR consider that this approach could be demonstrated to be acceptable, but the methodology proposed lacks detail. Significant further development is expected during GDA to demonstrate how it will be applied. In particular, the RP’s proposals to achieve the following are unclear:
· Development of fragility functions for the SIS. It is unclear how both the median and variability of failure can be defined given that the RP states that tests which result in device failure are unlikely to be performed and they have not proposed to undertake tests to characterise the variability.
· Incorporation of other aspects of design uncertainty in addition to the bearing failure. For example, modelling uncertainty, ground motion variability, epistemic uncertainty.
· Alignment of the Target Performance Goal as defined in ASCE 43-19 [2] with the DBE hazard as defined in TAG 13-9 [10].
The design and testing of the aseismic bearings has been discussed with the RP. The RP confirmed that the testing specification [6] is based on BS EN 15129 [4] without any enhancements. The RP also stated that they do not plan to develop the risk-based approach described in reference [1] during GDA. This is considered to be a shortfall in the design methodology to demonstrate how the aseismic bearings can perform their safety functions to a level commensurate with their classification. ONR consider it important, given the significance of the SIS, that the RP are able to undertake an assessment of whether the reliability can be satisfactorily demonstrated through application of the proposed standards and methodologies. 

Relevant Legislation, Standards and Guidance
The guidance provided in this RO is based on ONR's Safety Assessment Principles (SAPs) [8]. The expectations are captured in SAPs ERL.1 ERL.2, ECS.4 and ECS.5. ERL.1 is particularly relevant to the SIS given the limited precedent within the nuclear industry and the lack of nuclear specific testing procedures, whereas the intent of ERL.2 has not yet been met given the lack of detail in the risk-based approach described in reference [3]. The ECS SAPs are important given the proposed codes and standards are not directly applicable and further work is required to demonstrate they are sufficient for a Class 1 SSC.

ONR’s SAPs are benchmarked against IAEA standards and guidance. The most relevant IAEA requirements [11] and guidance are: 
· SSR 2/1 Requirement 9: Proven engineering practices - Discusses supplementing, modifying, research and/or testing to ensure the quality of the design is commensurate with the safety function. 
· SSR 2/1 Requirement 23: Reliability of items important to safety - The reliability of items important to safety shall be commensurate with their safety significance.
The following standards and guidance are also relevant to this RO:
· ASCE 43-19 Seismic design criteria for structures, systems, and components in nuclear facilities [2]
· ASCE 4-16 Seismic Analysis of Safety-Related Nuclear Structures [1]
· BS EN 15129 Anti-seismic devices, BS EN 15129:2018 [4]
· BS EN 1337-1 Structural bearings - Part 1: General design rules, BS EN 1337-1:2000 [5]
· Independent Research into the Seismic Isolation of SMRs and AMRs, 2023, ONR-RRR-127 [9]
Nuclear Safety Technical Assessment Guide - External Hazards, NS-TAST-GD-013, Rev 7, October 2023 [10]
Regulatory Expectations
Whilst we recognise that the RP has considered the substantiation of the SIS bearings, and the proposed approach may prove to be acceptable, there is currently no intention to develop and prove this methodology during GDA. Given the novelty of the SIS, and the safety significance of the SSC, we consider that further work is necessary during GDA in order to provide confidence that this can be achieved. 

It is expected that the design methodology and testing specification for the aseismic bearings is developed during GDA to demonstrate how the reliability claims of the bearings will be substantiated to a level commensurate to a Safety Class 1 SSC.

Regulatory Observation Actions and Resolution Plan
The following actions have been raised by the ONR to ensure that there is confidence that the reliability claims of the Aseismic Bearings can be substantiated to a level that is commensurate for a Safety Class 1 SSC. Below are the actions highlighted by the ONR, and RR SMR’s response to address each action.
RO-RRSMR-008.A1 – confirm the reliability claims and outline the performance requirements for the aseismic bearings to achieve their reliability claims.
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
· Outline the performance requirements of the aseismic bearings under static, Design Basis Earthquake and Beyond Design Basis Earthquake loading to achieve their reliability claims.
Resolution required by: To be determined by the Rolls-Royce SMR Ltd. Resolution Plan.
[bookmark: _Hlk204273097]Rolls-Royce SMR Ltd. Resolution Plan for RO-RRSMR-008.A1
Activities to be carried out to address this action are as follows:
· Outline the performance requirements of the aseismic bearings under static, Design Basis Earthquake and Beyond Design Basis Earthquake loading to achieve their reliability claims.
· Review and confirm performance requirements associated with Aseismic Bearings and the SIS under static load combinations, design basis earthquake loading and beyond design basis earthquake loading. Review of ASCE 4-16 [1] and ASCE 43-19 [2] shall be carried out to confirm the extant performance requirements for DBE and BDBE. This will include producing a detailed plan of performance criteria (and reference source for relevant criteria) to be adopted for different design checks.
· Confirmation of performance requirements will be included within the Seismic Isolation System Design and Substantiation Method Statement [12].
· Review and confirm reliability claims which are present within ASCE 4-16 [1] and ASCE 43-19 [2] which are associated with the Aseismic Bearing and SIS under static load combinations, DBE and BDBE loadings. Intent at this stage is to demonstrate against reliability claims as per ASCE suite of documents and ‘uplift’ BS EN suite of documents to suit if required.
· Review and confirm reliability claims associated with SIS taking consideration of the Cat and Class of system and design rules in accordance with the E3S Case.
· Confirmation of reliability claims in accordance with ASCE suite of documents and E3S Case will be included within the Seismic Isolation System Design and Substantiation Method Statement [12].
· Detail approach for aligning the DBE input spectra / hazard with the ASCE 43-19 [2] Target Performance Goal.
· This approach for GDA and site-specific assessment will be captured in an update to the SDMS [13].
· As part of the clarification of performance requirements and reliability claims above, carry out a Failure Modes and Effects Analysis (FMEA) to provide qualitative assessment of how the Aseismic Bearings and SIS would perform under increasing seismic loading. This shall be supported by SME / ASB supplier support if required.
· FMEA to provide demonstration of likely failure modes of Aseismic Bearings and the Seismic Isolation System and how performance requirements can be justified. FMEA will support with identifying where potentially more stringent testing or acceptance criteria is required to support justification of performance requirements and reliability claims.
· Outputs from this FMEA will be included within the Seismic Isolation System Design and Substantiation Method Statement [12].
The final Action RO-RRSMR-008.A1 submission will be in May 2026 following issue of the Seismic Isolation System Design and Substantiation Method Statement (Issue 1) [12], the Structural Design Method Statement (Issue 4) [13].
RO-RRSMR-008.A2 – demonstrate how the reliability claims of the bearings will be substantiated to a level commensurate to a Safety Class 1 SSC.
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
· Outline the reliability that is demonstrated by achieving the acceptance criteria stated in BS EN 15129 [4] and adopted in the testing specification [6].
· Identify the full extent of the gap between the reliability claims defined in Action 1, and reliability that can be demonstrated by the current testing specification and outline enhancements to the testing specification. 
· Develop the methodology for substantiating the reliability of the aseismic bearings from the test results. 
Resolution required by: To be determined by the Rolls-Royce SMR Ltd. Resolution Plan.
Rolls-Royce SMR Ltd. Resolution Plan for RO-RRSMR-008.A2
Activities to be carried out to address this action are as follows:
· Outline the reliability that is demonstrated by achieving the acceptance criteria stated in BS EN 15129 and adopted in the testing specification [6].
· Linked to the response to Action 1, carry out a review of BS EN 15129 [4] (and BS EN 1337-3 [14]), BS EN 1998-1 [15], BS EN 1998-2 [16] and BS EN 1990 [17] to quantify the reliability that is achieved through demonstration of the acceptance criteria included within BS EN 15129, and which has been included within Issue 1 of the Aseismic Bearing Testing Specification [6]. RP shall utilise support from SME / ASB suppliers if required.
· Identify the full extent of the gap between the reliability claims defined in Action 1, and reliability that can be demonstrated by the current testing specification and outline enhancements to the testing specification. 
· Following review and confirmation of reliability claims per ASCE 43-19 [2] and ASCE 4-16 [1] (from Action 1), carry out a gap analysis between the reliability claims between the ASCE suite of documents and E3S Case requirements (intent), and BS EN suite of document (current).
· Output from gap analysis will be captured within the Seismic Isolation System Design and Substantiation Method Statement [12].
· Following the gap analysis, an exercise shall be undertaken to assess if modifications are required to the provisions of BS EN 15129 [4] to meet the reliability claims of ASCE 4-16 [1] , ASCE 43-19 [2] and E3S case with a predominant focus on updates that are required to be made to the acceptance criteria associated with BS EN 15129 [4]. The RP shall utilise support from SME / ASB suppliers.
· The output from this exercise will be an update to the Aseismic Bearing Testing Specification [18].
· Develop the methodology for substantiating the reliability of the Aseismic bearings from the test results. 
· Review the approach for the development of Seismic Isolation System displacement demand curves and fragility functions (MCEER-24-0001 Issue 01 [19]) within the SDMS [13] to develop the approach for demonstrating reliability of the Seismic Isolation System through analysis and testing in more detail. This shall include SME / ASB supplier support. This will include (but is not limited to):
· Review of approach for deriving fragility functions or using recommended fragility functions and associated justification.
· Review of approach for quantifying displacement demand curves and required inputs for initial analysis.
· Review of required testing to be carried out to support with determining the median displacement capacity.
· Review of required inputs and outputs from existing testing results to confirm median displacement capacity.
· Review of additional variability which may need to be accounted for as part of analysis and/or testing, and how this is captured within the overall approach for substantiating reliability.
· The output from this overall review will be provided within the Seismic Isolation System Design and Substantiation Method Statement [12], with demonstration of this approach provided using historical bearing test data. 
· An update to the Aseismic Bearing Testing Specification [18] shall include the required testing (type of testing, number of testing and acceptance criteria) for demonstration of the ‘median displacement capacity’.
The final Action RO-RRSMR-008.A2 submission will be in May 2026 following issue of the Seismic Isolation System Design and Substantiation Method Statement (Issue 1) [12] and the Aseismic Bearing Testing Specification (Issue 2) [18].
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Schedule 1

	Activities/Submission
	2025
	2026
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	December
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	April
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	December

	Issue RO resolution plan
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	Seismic Isolation System Design and Substantiation Method Statement Issue 1 (Milestone 1) – 29th May 2026
· Output of Action RO-RRSMR-008.A1
· Output of Action RO-RRSMR-008.A2
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Structural Design Method Statement for Class 1 and 2 Structures Issue 4 (Milestone 2) – 7th May 2026
· Output of Action RO-RRSMR-008.A1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	Aseismic Bearing Testing Specification Issue 2 (Milestone 3) – 7th May 2026
· Output of Action RO-RRSMR-008.A2
	 
	 
	 
	
	 
	 
	 
	 
	 
	
	
	
	
	

	ONR assessment
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RO closure
	
	
	
	
	
	
	
	
	
	
	
	
	
	





Impacted Submissions
The table below lists the submissions on the Master Document Submission List (MDSL) that will be impacted through resolution of this RO, and how they will be impacted. Note these correspond to Milestones 2 and 3 in Schedule 1.
	Existing Submissions 
	Impact 

	SMR0005708, Structural Design Method Statement for Class 1 and 2 Structures, Issue 4.
	Document requires updating to include the approach for aligning the DBE input spectra / hazard with the ASCE 43-19 [2] Target Performance Goal. Issue date of 7th May 2026.

	SMR0016281, Aseismic Bearing Testing Specification, Issue 2.
	Updates will be required following review of ASCE 43-19 [2] and ASCE 4-16 [1] and to update acceptance criteria associated with BS EN 15129 if considered required. Updates will also be required to detail testing required for demonstration of median displacement capacity. Issue date of 7th May 2026.





New Submissions
The table below lists new submissions to the Master Document Submission List (MDSL) that will be submitted through resolution of this RO. Note this corresponds to Formal Milestone 1 in Schedule 1.
	New Submissions

	SMR0029385, Seismic Isolation System Design and Substantiation Method Statement, Issue 1, to be issued 29th May 2026
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