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	REGULATORY OBSERVATION:

	Background
Equipment Qualification (EQ) describes the programme of activities used by dutyholders 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 [10]). 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. 
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	REGULATORY OBSERVATION ACTIONS

	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 andjustifies 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.

Note: The above list is not exhaustive. The RP is encouraged to consider relevant good practice for EQ activities in its action response.

Resolution required by ‘to be determined by the Rolls-Royce SMR Ltd Resolution Plan’

	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 ith 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.
 
Resolution required by ‘to be determined by the Rolls-Royce SMR Ltd Resolution Plan’
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