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	REGULATORY OBSERVATION:

	Background
The primary focus of a two-step UK Generic Design Assessment (GDA) is for the fundamental adequacy of the SMR-300 to be assessed against UK regulatory expectations. Holtec as the Requesting Party (RP) states that the SMR-300 is being designed to meet US regulatory standards, and therefore the Probabilistic Safety Analysis (PSA) is being developed to align with the corresponding US standards and US regulatory expectations. The US nuclear regulator has not yet assessed the SMR-300 design. ONR is the first nuclear regulator to evaluate the SMR-300 and associated PSA methodologies.

Early in the GDA process, the RP explained that a fully SMR-300 aligned PSA model would not be available in GDA Step 2 timescales. The methodologies that Holtec are using to develop the SMR-300 PSA have a high level of alignment with those methods previously used to develop the available Level 1 and Level 2 SMR-160 PSAs. To support GDA Step 2, the RP have therefore provided relevant PSA methodologies for the SMR-160 design, to support ONRs assessment of whether there are any fundamental shortfalls in the proposed SMR-300 PSA scope and methods.

ONR’s assessment during Step 2 of the GDA of the Holtec SMR-300 has identified shortfalls to regulatory expectations in the PSA methodologies. If these are not resolved, they have the potential to challenge the fundamental adequacy of the PSA analysis of the SMR-300 design and safety case for a UK deployment. The RP has acknowledged these gaps as part of the Step 2 engagements during Level 4 meetings, in Regulatory Query (RQ) responses and in the Preliminary Safety Report Rev 1 (PSR). 

It is noted that there is overlap between this PSA Regulatory Observation RO-010 and the Fault Analysis RO-011. RO-011 sets expectations at higher level, that a mature and complete set of fault analysis methodologies (including PSA) are developed which are consistent with ONR’s regulatory expectations. RO-010 summarises the methodological gaps to UK regulatory expectations specifically for the PSA topic area:

ONR’s assessment has identified gaps against regulatory expectations for the design specific derivation of internal IEs and hazards, leading to potential gaps in the completeness of IEs for the SMR-300. The RP’s relevant internal events methodologies ( [1], [2]) do not specify consideration of consequential failures that could arise through, for example, failure to operate, inadvertent operation, partial failures, or events of very low frequency with potentially significant consequences. The hazard screening approach does not currently fully align with IAEA SSG-3 [3], nor cover credible combinations of hazards. 
The RP’s approach to grouping IEs which have a similar plant response may not fully capture the cumulative impact of the grouped events, which could result in optimisms. Instances were identified where the RP’s approach does not consider the differing success criteria / margin to failure (for example of the fuel integrity) of the specific IEs which have been grouped. This may mask risk insights and specific vulnerabilities of the relative risk contributions of individual IEs when reviewing results. 
There are instances of very low failure probability / frequency values in the SMR-160 PSA where insufficient justification has been provided for the data used in the PSA. Examples identified were the Plant Safety System (PSS) software reliability and the frequency presented for the Reactor Vessel Rupture fault.
ONR has identified instances where the potential for CCF was discounted without provision of adequate justification. These omissions may carry a risk significant impact. Specific shortfalls identified included
· CCFs of C&I components discounted due to (unjustified) classification of the components as passive 
· Intersystem CCFs discounted
· CCFs of SSCs discounted due to physical separation 
· CCF of SSCs discounted due to maintenance and testing expected to be done independently for each system 
In the RP’s current HRA methodologies( [4], [5]), type A pre-initiator human failure events (HFEs) are excluded from assessment if recovery opportunities are available. Screening out both the initial HFE and the mechanisms via which the error is revealed / recovered, implies recovery mechanisms are 100% effective. This approach could lead to optimisms, mask vulnerabilities and the human contribution to risk. 
There is no requirement in the RP’s PSA methodologies to assess the radiological risk contribution associated with non-core or partial core damage sequences which could lead to a lower doseband radiological release. 
The RP’s PSA Level 2 approach [6] does not consider the timing of radioactive releases (early/late), provide a detailed source term, give sufficient information to allow conclusions to be drawn whether all potential release paths have been identified, or which ex-vessel phenomena are relevant and considered, nor give sufficient justification for selected end states to be defined as ‘OK’. 
The PRP’s hazard PSA methodologies ( [7], [8], [9], [10], [11]) do not fully address how to develop the site and design specific aspects, and conducting importance, sensitivity and uncertainty analyses. Further, assumptions are made that at power operation bounds the impact of hazard for low power and shutdown states without providing justification the different plant unavailability states may have or the reliability of any claimed human actions. Also implicitly included in point 1) of this RO, the qualitative and quantitative hazards screening criteria are not fully aligned with SSG-3, and combined (co-incidental and consequential) hazards are not considered. 

Relevant Legislation, Standards and Guidance

The following Safety Assessment Principles (SAPs) [12], TAGs and IAEA standards are of particular relevance to this RO:

	FA.10
	Need for PSA

	FA.11     
	Validity

	FA.12
	Scope and Extent of PSA

	FA.13     
	Adequate representation

	FA.14     
	Use of PSA

	EHF.3     
	Identification of actions important to safety

	EHF.5     
	Task Analysis

	EHF.10   
	Human Reliability

	NT. 1      
	Target 7, 8, 9

	EDR.3    
	Common Cause Failure



ONR TAG 30 [13] – PSA
ONR TAG 46 [14] – Computer based safety systems
ONR TAG 63 [15] - HRA

IAEA SSG-3 [3] – Level 1 PSA
IAEA SSG-4 [16] – Level 2 PSA
IAEA TECDOC-1804 [17] – PSA
IAEA GSR Part 4 [18] – General Safety Requirements

Regulatory Expectations

A PSA of sufficient scope to inform the design and demonstrate risks have been reduced ALARP is a key component of a safety case. The above gaps to regulatory expectations in the PSA methodologies need to be addressed (action 1). Further, international expectations [3], [17], [18] and ONR guidance [13] states that a good quality PSA project plan is key to timely delivery of a high-quality full scope PSA. Therefore, there is a need to develop an overarching PSA strategy and plan which interfaces with the engineering, design, operation and safety case (link to action 2 from this RO). 

Regulatory expectations and guidance for the specific shortfalls identified in this RO are detailed below. ONR TAG 30 [13] applies throughout.

1) Identification of Initiating Events (IEs)
FA.2 and sets expectations that fault analysis should identify all initiating faults having the potential to lead to any person receiving a significant dose of radiation, or to a significant quantity of radioactive material escaping from its designated place of residence or confinement. The process for identifying faults should be systematic, auditable and comprehensive.

FA.12 sets expectations that the identification of initiating faults should consider the potential for combinations of hazards. At multi-facility sites, the analysis should also consider the potential for specific initiating faults giving rise to simultaneous impacts on several facilities or for faults in one facility to impact another facility. 

IAEA SSG-3 [3] gives guidance on consequential failures that could arise through, for example, failure to operate, inadvertent operation, partial failures, or events of very low frequency with potentially significant consequences.

Alignment between the IEs presented in the future deterministic fault schedule and PSA is required.

2) Bounding of Initiating Events
FA.13 sets expectations that where groups are used to represent several initiating faults or fault sequences, the group should be assigned a frequency equal to the summed frequency of the contributors to the group and should be represented by the most onerous one. It also states that the sequences defining the success criteria used in the PSA should be modelled either individually or as part of a bounding sequence.

3) Reliability claims of SSCs in the PSA
FA.13 sets expectations that the PSA model should provide an adequate representation of the facility and/or site, […] and that the data used is applicable to each event in the PSA. It is the responsibility of the RP to provide auditable, and justified data for each IEF and SSC modelled in the PSA. For the specific examples provided:

· ONR TAG 46 [14] sets expectations that a probability of 1E-04 pfd is considered to be the best that can justifiably be claimed for complex computerised systems. It is noted that is a high-confidence value which is not intended to be best-estimate. ONR TAG-30 [13] gives guidance on modelling of C&I software. In a PSA supporting design of a new plant, where outputs may be used in establishing design rules or system requirements (which should be set on a conservative basis), conservative data should be used. In an operational PSA (e.g. to support a risk monitor) software should be assigned best estimate reliabilities. Due to the high uncertainty of these aspects of PSA modelling it is important that sensitivity studies are produced to understand their risk significance.
· Paragraphs 287 of the SAPs [12] sets expectations that is that it is difficult to substantiate a claim of much less than about 1 x 10-7 per vessel year for the gross failure of a reasonable sized pressure vessel. Best estimate values used for PSA require adequate justification and substantiation.

4) CCF modelling
EDR.3 sets expectations that CCFs should be addressed explicitly where an SSC employs redundant components. CCF claims should be substantiated. ONR PSA TAG 30 [13] provides further expectations and guidance on the modelling of CCFs in the PSA, including that adequate inter-system CCFs need to be considered where applicable. Further, Section 5.88 of IAEA SSG-3 [3] defines the four types of dependency which need to be considered prior to screening out a CCF.

5) HRA methodology
The HRA TAG 63 [15] provides relevant guidance. It is reasonably foreseeable that type A HFEs could occur and render the claimed safety systems either inoperable or significantly reduce their capacity to deliver the claimed safety function. 

It is important that human errors are identified as early as possible in the design lifecycle to ensure opportunities to implement improvements and achieve ALARP solutions are not foreclosed. Therefore, expectations are that:
· EHF.3 - Identification of actions important to safety - A systematic approach should be taken to identify human actions that can impact safety for all permitted operating modes and all fault and accident conditions identified in the safety case, including severe accidents
· EHF.5 - Proportionate analysis should be carried out of all tasks important to safety and used to justify the effective delivery of the safety functions to which they contribute
· EHF.10 - Human reliability - Human reliability analysis should identify and analyse all human actions and administrative controls that are necessary for safety.


6) Partial Core Damage considerations
The safety case should include sufficient information to be able to judge whether the Numerical Targets are likely to be achieved and to justify that the overall risks are ALARP. This should include suitable and sufficient PSA, and is not only applicable to sequences which have resulted in core damage, but also non-core damage states where there has been a release. The PSA results for such lower consequence sequences can be grouped to give estimates of the frequency of occurrence of consequences within specified ranges of dose, both on site and off site. Numerical Targets 6 and 8 in the SAPs provide BSOs and BSLs for assessing the overall adequacy of the safety measures and other plant features contributing to safety, and to assist in identifying areas where further risk reduction may be reasonably practicable.

7) Level 2 PSA
The RP is expected to apply methodologies which meet international expectations. ONR TAG 30 [13] and IAEA SSG-4 [16] give guidance on the expectations for the development of a Level 2 PSA.

8) Hazard PSA methodologies 
The RP is expected to apply methodologies which meet international expectations. ONR PSA TAG 30 [13] and IAEA SSG-3 [3] give guidance on the expectations for the methodologies to be used for development of the Level 1 PSA for internal and external hazards. 
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	REGULATORY OBSERVATION ACTIONS

	RO-HOLTECSMR300-010.A1 – Update of PSA Methodologies

In response to this Regulatory Observation Action, Holtec should:
· Review and update the PSA methodologies to address shortfalls identified in this RO

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

	RO-HOLTECSMR300-010.A2 – Develop a plan to implement required updates

In response to this Regulatory Observation Action, Holtec should:
· Review the PSA models, inputs and documentation to determine where further work will be required as a result of required methodology updates 
· Provide a PSA strategy and plan to implement the necessery updates, identifying suitable project milestones for when updates will be implemented.

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