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	REGULATORY OBSERVATION:

	
Background
The Requesting Party (RP) intends to claim a design life of 80 years for the SMR-300 [1]. This is significantly longer than existing plants and more than other new reactor designs which have been subject to GDA. The design life of light-water reactors is generally limited by the reactor pressure vessel (RPV) as it is considered to be a non-replaceable component of the reactor.
The RP summarises its approach to the design of the SMR-300 RPV in a Design Basis Review document [2], with further information on the approach for the design life assessment in response to regulatory queries (RQs) in [3], [4] and [5]. The RP claims the RPV as a candidate highest reliability component [1], which is consistent with ONR’s experience with similar RPVs ( [6], [7] and [8]). Highest reliability demonstrations require direct fracture toughness measurements and reliable models to evaluate the fracture toughness predictions until the end of the design life of the reactor (ONR Safety Assessment Principles (SAPs) EMC.1, EMC.2 and EMC.3 in [9]).
For the SMR-300 RPV, the RP has selected a grade of material which is common to other types of pressurised water reactors (PWRs), but with material requirements that differ from those typically specified in the nuclear industry and with a lower tempering temperature requirement during manufacture. Noting that reducing risk “As Low As Reasonably Practicable” (ALARP) considerations are part of UK law [10], the implications and concerns with this approach to RPV manufacture are detailed in section 2 below.
The objective of this Regulatory Observation is for the RP to clarify the material selection approach for the RPV, the material assumptions in the design life assessment and the highest reliability considerations in the material surveillance programme. In order to do so, the RP should consider the following regulatory findings. 
RPV material specification in order to improve the margins against the risk of brittle fracture through life
The RP should take account of precedence for the demonstration of highest reliability components (SAP EMC.2) [9]. ONR’s expectations for RPV manufacture are consistent with international practice [11], and include for the dutyholder to seek steel composition improvements from the minimum design code requirements where practically possible ( [6], [7] and [8]). This view is compounded by the advice given in ONR’s Technical Assessment Guide (TAG) for metallic steels, systems and components which states that the fracture mechanics analysis should be supported by material selection and specification with tightened control of composition [12].
For example, low carbon content supports good weldability of the RPV, to enhance its toughness properties and to limit the effects of neutron embrittlement over time. Good weldability reduces the risk of significant defects being introduced during manufacture. Good toughness properties reduce the risk of brittle fracture during service, notably as a result of neutron embrittlement.
In the RP’s design report [2] and in response to [3] and [5], the RP’s manufacture specification for the RPV refers to the minimum American Society of Mechanical Engineers (ASME) design code requirements. The RP’s design basis justification however does not sufficiently consider improvements to the alloy composition requirements, notably chemical composition or heat-treatment, to demonstrate reduction of risks to ALARP. Such improvements would be in line with relevant good practice (RGP) in the nuclear industry (see ONR SAP EMC.2, EMC.3 and EMC.12) as it would improve the margins against the risk of brittle fracture.
Furthermore, one of the concerns with the RP’s material selection is the lower temperature requirement for the tempering process. This process is important to improve the material resistance to cracking. The tempering process also improves the homogeneity of the steel microstructure across the shell thickness of the RPV (see section 3 of [6] for example). A lower tempering temperature can result in lower fracture toughness. 
Applicability of empirical models to the RPV material selection
The RP assumes empirical models in the American Society of Testing and Materials (ASTM) standards [13], Regulatory Guide (RG) 1.99 and ASME can be directly applied to the SMR-300 RPV material despite it being different from the more commonly used RPV material class.
Section G-2110 (a) of the ASME design code [14] provides a list of materials for which the fracture toughness curve in Figure G-2210-1 of the code may be applied. The RP’s material selected for the RPV does not appear in this list. For other materials, section G-2110(b) of ASME III requires a number of fracture tests and the effects of irradiation on fracture toughness to be determined [14]. The RP has stated in response to RQ-2101 [5] that it does not intend to follow the requirements of section G-2110(b) because it uses one of the grades covered in ASME. It is however not clear how the RP intends to demonstrate that the irradiated fracture toughness predictions will be conservative for the RPV material selected.
Furthermore, I note that ASTM E-900 [13] has the following statement:
·  ‘It is the responsibility of the user to show that the conditions of interest in their application of this guide are addressed adequately by the technical information on which the guide is based.’
The RP acknowledges that the RG 1.99 model predictions are ‘crude’ for high fluence predictions (RQ-01772, [4]). The RP also acknowledges that the ASTM E900 model is not currently accepted by the Nuclear Regulatory Commission (NRC) [5].
Although NRC acceptance of a model is not a requirement in the UK, it is not clear how the RP intends to demonstrate that the requirements for applying the RG 1.99, ASTM and ASME models to a different material have been met and why the model predictions are conservative.
Minimum RPV temperature
The minimum RPV temperature is important for the design as it forms the basis for demonstrating the margin against the risk of brittle fracture. For the end-of-life predictions, the RP’s minimum temperature considered for demonstrating the margin against brittle fracture of the RPV is higher than for other PWRs [5]. It is therefore not clear from the RP’s justification how the RPV design life calculation has considered the fault conditions which may lead to low temperatures in the RPV.
Fracture toughness samples in the Surveillance Programme
Direct fracture toughness measurements are usually carried out using specific test samples, such as Compact Tension (CT) specimens, to support highest reliability claims (EMC.3). The RP’s surveillance programme is still under development, but the RP’s approach is focused on ASTM E185 requirements.
It is however not clear from the RP’s justification how its surveillance programme will demonstrate the through-life fracture toughness requirements to support the highest reliability claim for the RPV (EMC.3).

Relevant Legislation, Standards and Guidance

The following ONR SAPs are relevant to expectations with regards to establishing the design life of steel structures and components:

· Demonstration that risks are reduced ALARP [10]
· Defined safe working life at the design stage (SAP EAD.1)
· Adequate margins for ageing effects (SAP EAD.2)
· Safety case and assessment (SAP EMC.1)
· Use of scientific and technical issues (SAP EMC.2)
· Use of proven materials (SAP EMC.3 (e)) 
· Use of data (SAP AV.3)
· Margins of conservatism (ERL.4)
· Use of experience, tests or analysis (ECS.5)

The ONR SAPs listed above are consistent with international RGP [16]:

· Proven engineering practices (IAEA SSR2/1 Requirement 9)
· Reliability of items important to safety (IAEA SSR 2/1 Requirement 23)


Regulatory Expectations
Regulatory expectations with respect to the assessment of metallic steels, systems and components are outlined within TAG 16 [12] and section 3.20 of GDA-007 [17]. The design life of the RPV and the RCS should be evaluated at the design stage based on sound technical evidence, including a margin for uncertainties (EMC.3 and EAD.2). 
Whilst a complete assessment of the detailed design is not required within Step 2, I judge that further depth of assessment is required to provide assurance that, from a structural integrity perspective, the RP’s approach to determining the design life of the RPV is fundamentally adequate. 
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	REGULATORY OBSERVATIONS ACTIONS

	RO-Holtec SMR-300-009.A1 – Considerations of RPV specifications and manufacture requirements.

In response to this Regulatory Observation Action, the RP should demonstrate that the material selection for the RPV reduces risks ALARP considering:
(a) margins against brittle fracture, and
(b) the proposed lower tempering temperature.

Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-Holtec SMR-300-009.A2 – Applicability of empirical models to the RPV material selection.

In response to this Regulatory Observation Action, and given the material selected for the RPV does not appear to be directly applicable to the codes and standards being claimed, the RP should demonstrate that the end-of-life fracture property predictions and the derivations of the minimum temperature of the RPV are consistent with international RGP. This demonstration should include justification of how the model predictions are conservative particularly for high-fluence predictions.

Resolution required by 'to be determined by Holtec Resolution Plan'

	RO-Holtec SMR-300-009.A3 – Fracture toughness samples in the Surveillance Programme.

In response to this Regulatory Observation Action, the RP should demonstrate the adequacy of the approach taken with regards to fracture toughness measurements in the surveillance programme.

Resolution required by 'to be determined by Holtec Resolution Plan'
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