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Background
Equipment Qualification (EQ) describes the programme of activities used by duty holders to assure themselves that structures, systems and components (SSCs) will perform their safety function(s) in all normal, fault and accident conditions identified in the safety case. The level of confidence provided by the EQ programme should be commensurate to the SSC’s safety classification. 
An important output from EQ arrangements application is the generation and maintenance of evidence demonstrating that SSCs will operate on demand to meet nuclear safety performance requirements. EQ is an important expectation of ONR’s safety assessment for nuclear facilities, including during the design stage. Successful application of an adequate EQ programme will contribute to showing that risks are being reduced so far as is reasonably practicable (SFAIRP).
As the EQ programme activities span a nuclear facility lifecycle, ONR considers it important to consider this at an early stage, including arrangements that ensure that relevant inputs are captured and incorporated into the design as it matures. The full breadth of EQ evidence is specified, generated and collected during design, procurement, manufacture, assembly, testing, commissioning and plant operations. Hence, ONR expects that EQ programme activities would:
· Identify SSC design inputs. This includes nuclear safety performance requirements and its operating conditions (including harsh environmental conditions following a postulated initiating event).
· Deliver the evidence required to provide confidence that an SSC will deliver its safety function(s). The evidence required to verify that an SSC can deliver its nuclear safety function(s) for specified service conditions typically includes one of more of the following methods:
· Physical testing;
· Analysis; and
· Operating Experience (OPEX). Noting that SSC verification by OPEX only is not expected.
· Demonstrate mission time claims. This is the length of time for which an SSC is required to deliver its safety function(s) in accident conditions.
· Demonstrate qualified life claims. This is the period for which an SSC can deliver its safety function(s) in a specific set of service conditions. This may also include consideration of cliff edge effects, where a relatively small change in an assumed parameter results in failure of the SSC to deliver its safety function.

During the Rolls-Royce SMR Generic Design Assessment (GDA), ONR expects that the requesting party (RP) should provide evidence that it has suitable and sufficient EQ arrangements and is applying these as appropriate to the project design stage. The output is expected to substantiate that SSCs will perform as required, and can demonstrate that they will facilitate a future licensee delivering an adequate EQ programme.
To date, ONR has sampled evidence provided by the RP regarding its EQ arrangements and their implementation (refs. [1] to [9]). This covers a range of strategy documents for various SSCs. This has shown that the RP understands the need to consider EQ related activities and has started to implement these. However, ONR’s assessment has identified gaps against EQ relevant good practice (RGP). These gaps relate to the RP’s:
· EQ arrangements. Whilst the RP recognises principal EQ aspects (section 3.3.4 of its approach to verification and validation [1]), the arrangements that describe how these will be achieved are incomplete. 
· Demonstration that EQ arrangements, when applied, achieve SSC qualification. This is because:
· The range of environmental conditions (both normal and accident) for which EQ is required is incomplete. The traceability from design basis hazards and beyond design basis hazards (including seismic events) to SSC operational conditions is unclear. This includes beyond design basis hazards where ‘cliff-edge’ effects should be addressed.
· SSC mission time nuclear safety performance requirements are unclear.
· SSC EQ methods and activities have not been identified and justified. 
· SSC qualified life requirements are not consistently identified or justified. For example, SSC ageing mechanisms are not identified, and examination, inspection, maintenance and testing (EIMT) requirements are incomplete and not consistently underpinned. 

So, this RO has been raised to seek improvements in the RP’s EQ arrangements and to provide a demonstration that the implementation of those leads to a reasonable outcome. 
Relevant Legislation, Standards and Guidance
A range of standards and guidance are relevant to EQ programmes, including but not limited to: 
· ONR Safety Assessment Principle (SAP) EQU.1 (Qualification procedures) [10]. This expects that SSCs are qualified, commensurate with their nuclear safety classification, to confirm that nuclear safety function(s) will be performed as identified in the safety case.
· IAEA SSR-2/1 Safety of Nuclear Power Plants: Design [11], in particular:
· Requirement 30. This expects that a qualification programme for items important to safety shall be implemented to verify SSCs can perform their intended safety function(s).
· Requirement 31. This expects that the design life of SSCs shall be determined with appropriate margins.
· IAEA SSG-69 Equipment Qualification for Nuclear Installations [12]. This provides recommendations on establishing and implementing a structured approach to EQ
· EPRI Plant Support Engineering: Nuclear Power Plant Equipment Qualification Reference Manual [13]. This provides a comprehensive guide to EQ in nuclear power stations.
· ASME QME-1, Qualification of Active Mechanical Equipment Used in Nuclear Facilities [14]. This provides a framework for EQ of active mechanical engineering SSCs.
· BSI, BS EN 60780-323:2017, Nuclear facilities – Electrical equipment important to safety – Qualification [15].

A range of other SAPs [10] may be applicable to EQ, including: 
· EMT.3, EMT.4, EMT. 5 and EMT.6 (regarding how examination, inspection, maintenance, or testing interacts with EQ);
· ERL.1 and ERL.2 (regarding reliability claims); and
· EAD.1 and EAD. 2 (regarding aging and degradation)

Further details are available in the associated Technical Assessment Guides (TAG), NS-TAST-GD-057: Design Safety Assurance [16], NS-TAST-GD-094: Categorisation of safety functions and classification of structures, systems and components [17] and NS-TAST-GD-098: Asset Management [18].
Regulatory Expectations
Overall, ONR expects that EQ arrangements should be applied to provide confidence, commensurate with nuclear safety classification, that an SSC will deliver its safety function(s) during normal operations, maintenance, fault, and accident conditions.
When applied, ONR expects that EQ arrangements should include evidence that an SSC’s:
· nuclear safety performance requirements are derived from fault and hazards analysis.
· mild and harsh internal and external environmental conditions are identified and underpinned.
· ageing and degradation mechanisms are identified;
· design verification activities consider:
· ageing and degradation mechanisms;
· mission time performance requirement demonstration; and
· qualified life claims.
· EQ implementation activities are identified; and
· EQ preservation requirements identified during design are adequately controlled.

In response to this RO, ONR are seeking evidence that the RP has developed and is applying its own EQ arrangements. During GDA, we are expecting the RP to identify inputs derived during the design stage of the project and demonstrate that SSCs are (or can be) sufficiently qualified for the safety case claims. This output can then be used to facilitate development of a suitable and sufficient EQ programme by a future licensee. 


Regulatory Observation Actions and Resolution Plan
RO-RRSMR-012.A1 – Produce adequate equipment qualification arrangements 
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
Produce arrangements which detail all EQ related activities that are required as the design matures. This includes how the outputs are captured and will facilitate the development of an EQ programme by a future licensee. These arrangements should explain how:
· The management system supports delivery of the EQ arrangements. This includes all personnel and management systems.
· EQ is implemented in its design activities. This includes how it identifies, documents and justifies SSC:
· performance requirements; and
· operating conditions and environments, with consideration of ‘cliff edge’ effects.
· EQ verification activities are determined. EQ verification activities demonstrate that an SSC can deliver its nuclear safety performance requirements. 
· EQ implementation activities are determined. EQ implementation activities demonstrate that an SSC has been supplied to a verified specification. 
· EQ preservation activities are determined. EQ preservation activities maintain an SSC’s qualified life during it’s operating life. This may include:
· transport to site;
· site storage;
· site installation;
· site commissioning;
· operational EIMT; 
· modifications; and
· records generation and retention.

Roll-Royce Response to RO-RRSMR-012.A1
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd will demonstrate arrangements which detail EQ related activities that are required as the design matures, including detail of business roles and ownership across the EQ lifecycle.
The arrangements will cover three periods of the EQ lifecycle defined in the Rolls-Royce SMR Approach to Verification and Validation [1]; Define, Establish and Preserve. New documentation will be produced as discussed in the relevant subsections below and detailed in Table 1.
Define EQ Arrangements
Demonstration of RR SMR’s Define EQ arrangements will consist of process guidance detailing how EQ requirements are managed within the Rolls-Royce SMR Integrated Management System (IMS) under (C3) Develop Solution: (C3.1.1) Define and Manage Requirements. This guidance will include implementation of the arrangements set out within the Design inputs for Equipment Qualification framework [3].
The process guidance will support defining requirements for the following topic areas:
· Functional requirements
· Design life
· Service Conditions (including operating, environmental and seismic for normal and faulted)
· Mission times
· Classification, codes and standards
· Examination, Maintenance, Inspection and Testing (EMIT)
· Ageing and degredation
· Cliff-Edge effects
· Related roles and responsibilities

Establish EQ Arrangements
Demonstration of RR SMR’s Establish EQ arrangements will consist of an Establish EQ Standard which will be utilised within the Rolls-Royce SMR IMS under (C3) Develop Solution: (C3.2.3) Verify Design Definition.
This standard will detail the approach to be taken for the following topics:
· Compliance with codes & standards and regulatory guides applicability
· Qualification methodology, including the applicability and associated limitations of Analysis, Similarity and Type tests aligned to a commensurate graded approach
· Test sequencing including contextual filtering for ageing and degredation mechanisms
· Guidance on Qualification Margins
· Definition of exit criteria
· Handling of deviations and non-compliance
· Maintaining information configuration control and traceability
· Related roles and responsibilities
Where applicable, these arrangements will align and reference existing processes and governance frameworks, rather than introduce new or bespoke procedures.
Preserve EQ Arrangements 
Demonstration of Preserve EQ arrangements will incude reference to policies, manuals, processes and standards within the Rolls-Royce SMR IMS that will determine and control the related preservation activities through life. Where these have not yet been generated, the business planning associated with delivering the roles, responsibilities, approach and plan for arrangement implementation well in advance of the application need will be provided.
The approach to delivering the following activities will be covered:
· Logistics (including transportation and storage)
· Non-conformances
· Supplier Management 
· Lifetime Quality Record (LTQR)
· Counterfeit, Fraudulent, Suspect Items (CFSI)
· Installation and commissioning
· Handover to operations/licensee
· Examination, Maintenance, Inspection and Testing
· Records generation and retention


[bookmark: _Ref207782061]Table 1: RO-RRSMR-012.A1 Deliverables
	Title
	Description
	Deliverable Date

	Equipment Qualification Business Plan
	Articulation of the location and interactions between EQ relevant arrangements.
Explanation of business role profiles and ownership across the EQ lifecycle.
Plan for the implementation of EQ related arrangements and activities across the EQ lifecycle.
	12 Dec 25

	Define Equipment Qualification Guidance
	Guidance detailing the implementation of C3.1.1 (Define and Manage Requirements) for EQ requirements.
	12 Dec 25

	Establish Equipment Qualification Standard
	Standard supporting the implementation of (C3.2.3) Verify Design Definition for EQ requirements.
	12 Dec 25

	Updated IMS Processes
	Where updated IMS processes are produced as part of the implementation of these arrangements, or where the latest versions have not previously been supplied, these will be shared.
	12 Dec 25



RO-RRSMR-012.A2 – Demonstrate that application of the Rolls-Royce SMR equipment qualification arrangements leads to adequate SSC qualification
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
Demonstrate that application of its EQ arrangements results in identification, specification and delivery (where appropriate for GDA) of suitable and sufficient SSC EQ activities. This is expected to include:
· SSC design inputs including:
· nuclear safety design requirements derived from fault analysis;
· mild and harsh environmental conditions identification and justification; and
· ageing and degradation mechanisms;
· SSC verification activities including:
· EQ methodology selection and justification;
· mission time performance requirements identification and underpinning with cognition of ageing and degradation mechanisms;
· qualified life identification and underpinning; and
· cliff edge effect consideration.
· EQ implementation activities providing assurance that site supplied SSCs comply with the verified specification; and
· EQ preservation activities necessary to maintain an SSC’s qualified life safety case claims.

Roll-Royce Response to RO-RRSMR-012.A2
In response to this Regulatory Observation Action, RR SMR will demonstrate the application of the define EQ arrangements (defined within RR SMR response to RO-RRSMR-012.A1) resulting in requirements as design inputs for Establishing EQ. Applied learning from the generation of requirements will be fed back to influence the formalisation of arrangements where appropriate. 
The application of define EQ arrangements will be demonstrated by providing component Requirement and Through Life Activity Specifications for the following components:
· High Pressure Emergency Blow Down Valve (HP EBDV)
· Reactor Coolant Pump (RCP)
· Control Rod Drive Mechanism (CRDM)
· Heating Ventilation Air Conditioning Containment Isolation Valve (HVAC CIV)
These will demonstrate the scope of EQ related requirements including:
· Design life
· Safety functional and performance requirements with identification of associated plant states
· Internal Operating conditions (normal and faulted)
· Environmental conditions (normal and faulted)
· Associated mission times
· Seismic Secondary Response Spectra
· Examination, Maintenance, Inspection and Testing (EMIT) with association of EQ significance.
· Classification, codes and standards
In response to this Regulatory Observation Action, RR SMR will demonstrate the application of establish EQ arrangements (defined within the RR SMR response to RO-RRSMR-012.A1). Demonstration of the application of Establish EQ arrangements will be provided through component Verification Strategies that:
· Assign a verification activity (e.g. test, analysis) to each EQ related requirement
· Define the qualification approach and exit criteria for each verification activity
· Outline the sequence of activities required to confirm design compliance and establish equipment qualification.


Table 2: RO-RRSMR-012.A2 Deliverables
	Title
	Description
	Deliverable Date

	Emergency Blowdown Valve [PT97] – Requirements Specification, SMR0003165 Issue 5
	Requirements Specification capturing EQ related requirements, demonstrating application of define EQ arrangements.
	31 Oct 2025

	Emergency Blowdown Valve [PT97] - Through Life Activity Specifications, TBC Issue 1
	Through Life Activities Specification capturing initial EQ related activities.
	31 Oct 2025

	Emergency Blowdown Valve [PT97] - Verification Strategy, SMR0007557 Issue 3
	Verification Strategy setting out verification activities required to achieve qualification, demonstrating application of establish EQ arrangements.
	12 Dec 2025

	Reactor Coolant Pump (RCP) [PT100] – Requirement Specification, SMR0000122 Issue 6
	Requirements Specification capturing EQ related requirements, demonstrating application of define EQ arrangements.
	31 Oct 2025

	Reactor Coolant Pump (RCP) [PT100] - Through Life Activity Specifications, TBC Issue 1
	Through Life Activities Specification capturing initial EQ related activities.
	31 Oct 2025

	RCP [ PT100] – Verification Strategy, SMR0004424 Issue 2
	Verification Strategy setting out verification activities required to achieve qualification, demonstrating application of establish EQ arrangements.
	12 Dec 2025

	Control Rod Drive Mechanism (CRDM) [PT101]  –Requirement Specification, SMR0000064 Issue 5
	Requirements Specification capturing EQ related requirements, demonstrating application of define EQ arrangements.
	31 Oct 2025

	CRDM [PT101] - Through Life Activity Specifications, SMR0014108 Issue 2
	Through Life Activities Specification capturing initial EQ related activities.
	31 Oct 2025

	CRDM [PT101] – Verification Strategy, SMR0006240 Issue 2
	Verification Strategy setting out verification activities required to achieve qualification, demonstrating application of establish EQ arrangements.
	12 Dec 2025

	Heating Ventilation Air Conditioning Containment Isolation Valve (HVAC CIV) [PT4048] – Requirement Specification, SMR0026280 Issue 1
	Requirements Specification capturing EQ related requirements, demonstrating application of define EQ arrangements.
	30 Sep 2025

	HVAC CIV [PT4048] - Through Life Activity Specifications, TBC Issue 1
	Through Life Activities Specification capturing initial EQ related activities.
	12 Dec 2025

	HVAC CIV [PT4048] – Verification Strategy, TBC Issue 1
	Verification Strategy setting out verification activities required to achieve qualification, demonstrating application of establish EQ arrangements.
	12 Dec 2025
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Schedule
	 
	2025
	2026

	 
	 July
	 August
	 September
	 October
	 November
	 December
	 January
	 February
	 March

	Regulator's issue of RO
	 
	 
	 
	 
	 
	 
	 
	 
	 

	RR SMR Acknowledgement of RO
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Issue RO Resolution Plan
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Undertake Work focused on Action A1
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Equipment Qualification Business Plan
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Define Equipment Qualification Guidance
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Establish Equipment Qualification Standard
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Revised IMS Processes (if Required)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Undertake Work focused on Actions A2
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Emergency Blowdown Valve Requirements Specification & TLA
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Emergency Blowdown Valve Verification Strategy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Reactor Coolant Pump Requirements Specification & TLA
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Reactor Coolant Pump Verification Strategy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Control Rod Drive Mechanism Requirements Specification & TLA
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit Control Rod Drive Mechanism Verification Strategy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit HVAC Containment Isolation Valve Requirements Specification
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit HVAC Containment Isolation Valve TLA
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Submit HVAC Containment Isolation Valve Verification Strategy
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Regulatory Assessment of Submissions
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Closure of RO
	 
	 
	 
	 
	 
	 
	 
	 
	 



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 SSC, SMR0004589 Revision 4, August 2025
	Document will be superseded by a revised version (version 4) that will make reference to additional documents produced as part of the RO Resolution Plan.

	HP ETMP-EBD Valve (PT97) – Requirements Specification, SMR0003165 Issue 4, March 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Verification Strategy for the High Pressure Enhanced Technology with Multi-Ports Emergency Blowdown Valve [PT97], SMR0007557 Issue 2, March 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Reactor Coolant Pump - Requirement Specification, SMR0000122 Issue 5, November 2024
	Document will be superseded by documentation provided as part of this resolution plan.

	Verification Strategy for Reactor Coolant Pump (RCP) [PT100], SMR0004424 Issue 1, January 2023
	Document will be superseded by documentation provided as part of this resolution plan.

	Control Rod Drive Mechanism - Requirements Specification, SMR0000064 Issue 4, May 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Control Rod Drive Mechanism - Through Life Activities, SMR0014108 Issue 1, December 2024
	Document will be superseded by documentation provided as part of this resolution plan.

	
Verification Strategy for the Control Rod Drive Mechanisms (CRDMs) [PT101], SMR0006240 Issue 2, November 2024
	Document will be superseded by documentation provided as part of this resolution plan.
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