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	REGULATORY OBSERVATION:

	Background
The design and the choice of materials for each system, structure and component (SSC) of a nuclear reactor is influenced by several factors:
The nuclear safety function requirements of the SSC;
The tolerance to degradation of the SSC in the operating environment;
The potential hazards and risks, which should either be eliminated, reduced and/or controlled.
The justification for the design and materials selection for the main pressure components of the SMR-300, including the reactor pressure vessel (RPV), steam generator, reactor coolant line, main steam line, pressuriser and accumulators, is therefore a balance between what can practicably be achieved and the nuclear safety risks. In reaching that balance, there should be a robust demonstration that the relevant risks have been considered and reduced “As Low As Reasonably Practicable” (ALARP) [1].
Sections of the Preliminary Safety Report (PSR) which are relevant to ageing and degradation management
The Requesting Party (RP)’s PSR Part B Chapter 9 in [2] describes how operational experience has informed the RP’s approach to examination, inspection, maintenance and testing (Section 9.6). The RP identifies the need for the effects of ageing and degradation to be evaluated to support the substantiation of the design.
The RP’s documentation highlights inspections as the main vector for identifying and monitoring the effects of ageing and degradation on SSCs. It is however ONR’s expectation that the design, the material selection and the scope of SCC inspections is supported and informed by a robust ageing and degradation management strategy drawn out at the design stage. The inspections should not merely be aimed at demonstrating compliance with a design code, but to verify the assumptions of the ageing and degradation strategy.
RQ-01599 – Ageing and Degradation
The RP provided details about ageing and degradation considerations in response to RQ-01599 (Ageing and Degradation) [3]. In response to RQ-01599 [3], the RP states that:
“Aging Management is primarily identified and managed through compliance with ASME BPVC Section III and XI requirements. However, it is an expectation in the US that prospective licensees consider the design implications of needing to comply with aging management programmes beyond the initial licensing period of 40 years.”
The sections of the ASME design code highlighted in the RP’s response do not refer to a proactive approach for ageing and degradation management, but to relevant good practice for the design and for in-service inspections. The EPRI reference provided in response to RQ-01599 rightly states that the incubation periods for most proven materials will take a reasonably long period, in the order of two decades or more. However, the EPRI guidance does not justify, nor does it attempt to justify, an exemption to proactive ageing and degradation considerations at the design stage. 
Potential regulatory shortfall
Some of the pressure equipment of particular concern of structural integrity, such as the RPV and the steam generator, will be difficult to replace during the lifetime of the plant. It is therefore important for ONR to gain confidence in the RP’s considerations of ageing and degradation and how these considerations have influenced the design and the material selection of the SMR-300. In the UK, there is an expectation that ageing and degradation should be considered at the design stage in order to address the risks of failures during operations (EAD.1, EAD.2). This requires demonstrating an understanding of the effects of ageing and degradation mechanisms through life as well as the ability to make conservative predictions for the rates of degradation. Ageing and degradation aspects are particularly important for the SMR-300 given the 80-year life the RP claims for the design.
US experts have identified "important technical issues that still need to be addressed" for lifetime extensions beyond 40 or 60 years due to potential interactions between different ageing and degradation mechanisms [4]. The US panel of experts concludes that the ageing and degradation conditions in steel structures and components will need to be "addressed to reduce the uncertainties in RPV material behavior" with respect to operating in these extended lifetime regimes. 
It is unclear from the RP’s safety justification how a proactive approach to ageing and degradation has informed and influenced the design and the material selection for the main pressure components of the SMR-300.
Given the lack of operational experience beyond 60 years and the potential for complex and unexpected long-term degradation effects in SSCs, it is unclear from the RP’s justification how the design life ambitions of the SMR-300 will be justified. 
There is therefore a potential shortfall in the RP’s approach with regards to ageing and degradation management against the relevant regulatory expectations highlighted in section 2 below.
The objective of this Regulatory Observation (RO) is for the RP to demonstrate a proactive approach to ageing and degradation management of SSCs and how ageing and degradation has informed the design, the material selection and the design life justification for the SMR-300.
Relevant legislation, standards and guidance
Relevant legislation, standards and guidance are summarised below:
For highest reliability SSCs: SAP EMC.3 (c) and EMC.3(d) [5];
For general nuclear SSCs: SAP EAD.1, EAD.2, EMC.11, EMC.13, EMC.33 [5];
ONR guidance in NS-TAST-GD-109 [6] and NS-TAST-GD-016 [7];
ONR’s guidance for GDA in Section 3.20 relevant to structural integrity in [8];
IAEA standards: [9], [10] and [11], [12] and [13];
WENRA guidance [14];
EPRI recommended practice [15];
USNRC NUREG guidance [4], [16], [17];
Reduction of the risks to As Low As Reasonably Practicable (ALARP) [1].
Regulatory Expectations
ONR views international guidance and recommendations for ageing and degradation management, as described in IAEA, WENRA, USNRC and EPRI documents, as relevant good practice (see reference section 4 below). ONR’s expectations for ageing and degradation management (EMC.3(c), EMC.3(d), EMC.11, EMC.13, EAD.1 and EAD.2) align with that international recommended practice.
For metallic SSCs, the consideration of ageing and degradation at the design stage and during service is long established relevant good practice. Reduction of risks associated with designs to “As Low As Reasonably Practicable” (ALARP) is a legal requirement in the UK [1].
It is fundamental for the RP to identify the relevant ageing and degradation mechanisms at the design stage and how these might affect the ability of the SSCs to continue to carry out their nuclear safety functions for the life of the plant.
It is also fundamental for the RP to demonstrate that the materials selected for the main pressure components of the SMR-300 are the result of a robust process which includes a review of operational experience and the predictions for the rates of degradation of the SSCs.
Proactive ageing and degradation management should be employed through life to ensure related risks are effectively managed. Ageing and degradation management should include all SSCs which are relevant to nuclear safety, including highest reliability components.
The expectation is that the RP delivers an ageing and degradation strategy following the UK and international guidelines, as presented in the references section [8-17] (list is non exhaustive). The RP should provide evidence that the ageing and degradation strategy has been applied at the design stage of the SMR-300 to establish that the SSCs will be able to carry out their nuclear safety functions throughout their design life.
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	REGULATORY OBSERVATION ACTIONS

	RO-Holtec SMR-300-008.A1 – Ageing and degradation management strategy.

In response to this action, the RP should demonstrate that the RP’s approach to ageing and degradation management aligns with ONR’s expectations and with international relevant good practice, as described in this RO.
Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-Holtec SMR-300-008.A2 – Application of the ageing and degradation management strategy to the design and material selection of the SMR-300.

In response to this action, the RP should demonstrate how ageing and degradation considerations have informed and influenced the design and the material selection of the relevant SSCs for the SMR-300. 
Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-Holtec SMR-300-008.A3 – Justification of the design life for the SMR-300.

In response to this action, the RP should demonstrate how the long-term design life objectives of the SMR-300 will be met and that the main SSCs within the nuclear island will be able to carry out their nuclear safety functions throughout their design life. 
Resolution required by 'to be determined by Holtec Resolution Plan'
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