	[image: A logo with red and blue squares

Description automatically generated]
	NOT
PROTECTIVELY
MARKED
	Holtec SMR-300 GDA
RO-HOLTECSMR300-010
Resolution Plan 
HI-2251663 R0



	Holtec Britain
SMR-300 Generic Design Assessment
Resolution Plan for RO-SMR300-010

	RO Title:
	PSA Methodologies

	Revision:
	Rev. 0

	RO Planned Closure Date:
	Subject to final submissions, see schedule

	Reference Documentation Related to Regulatory Observation

	Regulatory Queries
	RQ-01666, RQ-01682, RQ-02020, RQ-02025, RQ-02091, RQ-02092, RQ-02093, RQ-02129, RQ-02294

	Linked ROs
	RO-011

	Other Documentation
	N/A



	Scope of Work

	The SMR-300 is an advanced Pressurised Water Reactor (PWR) Nuclear Power Plant designed by Holtec International, drawing on decades of operational experience to deliver clean, affordable power with enhanced passive safety features. The SMR-300 is designed to meet US regulatory standards and the EPRI Advanced Light Water Reactor Utility Requirements Document, aligning with internationally recognised codes and practices. Holtec judges US and UK regulatory expectations to share a common foundation, shaped by international cooperation and IAEA safety standards. While broad engineering principles are similar in both countries, Holtec acknowledges potential differences in specific regulatory details.
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.  Early in GDA, Holtec established a Design Reference Point (DRP) based on the SMR-300 design for Palisades in the US. The DRP has been evaluated for compliance with UK regulations and helps identify areas where US and UK requirements may diverge. Ensuring design stability across a global SMR-300 fleet is central to Holtec’s deployment strategy, making the GDA process a critical milestone.
The actions, deliverables and schedule produced herein are applicable to UK SMR-300 deployment to meet UK licensing expectations. 

Background:
The US SMR-300 design and associated Probabilistic Safety Assessment (PSA) models are under development. These models inform ongoing design decisions and are being structured to align with UK regulatory expectations. For GDA Step 2, a PSA model originally developed for the SMR-160, whose safety systems are very similar to those of the SMR-300, was applied. This model provides the foundation for developing the dedicated SMR-300 PSA model, which will be submitted for licensing upon completion.
Holtec has used established SMR-160 PSA methodologies and models as an interim reference and has applied a PSA Sensitivity Study [1] in line with UK Relevant Good Practice (RGP) to assess expected SMR-300 design against UK regulatory expectations. The insights are being used to inform SMR-300 design activities. Preliminary Safety Report (PSR) Part B Chapter 16 [2] presents the claims, arguments and evidence for the current Level 1 and Level 2 basis, and explains how sensitivity studies have been used to reflect UK expectations using SMR‑160 methods, while the SMR‑300 plant‑specific model is still maturing. Based on the Step 2 assessment, the Office for Nuclear Regulation (ONR) has grouped its concerns into eight methodological themes; progress to date and the focus of RO-HOLTECSMR300-010 under each theme are summarised below.
1. Identification of Initiating Events (IEs)
As part of the SMR-300 design development, Holtec has produced two parallel reports, the Initiating Event Identification and Classification Basis [3] for the Deterministic Safety Analysis (DSA) and the SMR-300 PSA Initiating Events Analysis [4] for Level 1 PSA, which draw on: Operating Experience (OPEX) lists; ASME/ANS standards; Failure Mode and Effects Analysis (FMEA); structured logic and engineering reviews to generate a comprehensive candidate IE set that covers at-power and Low Power/Shutdown (LPSD) states [1]. The events have been screened and grouped in the PSA in line with UK RGP and with further refinements to be implemented in later stages. The same raw list feeds the Preliminary Fault Schedule (PFS) whose Revision 1 [5] now records more than 450 sequences with assigned initiating frequencies and links each to the credited safety measures [6]. For hazards, the Internal and External Hazards Screening Review [7] applies ASME/ANS RA-S-1.1-2022 criteria [8] to confirm which hazard initiated events enter the PSA model and flags a finite set for post Step 2 rescreening.  Cross checks between the IE list, the hazards screening and the PFS are already embedded in the design‑safety workflow and are captured for further maturation under commitment C_Faul_103 [6]. This linkage will ensure comprehensive coverage, including partial failure and consequential event mechanisms, before the Level 1 model is finalised for later licensing, and in line with UK regulatory expectations.
2. Grouping of Initiating Events
The Level 1 PSA employs a grouping methodology that brings together IEs producing comparable plant transients and represents each set with the event that poses the greatest unmitigated demand on the safety functions, as explained in PSR Part B Chapter 14 [6] and the SMR-300 PSA Initiating Events Analysis [4]. This bounding technique supports early risk screening and ensures that the representative events carried into the deterministic PFS [5] remain consistent with the Level 1 PSA initiating-event grouping. It has been recognised during UK GDA timescales that grouping may be prone to masking differences in success criteria and therefore Holtec has registered a refinement task under commitment C_Faul_103 [6] to develop more discriminating criteria consistent with the UK regulatory expectations. This planned refinement will remove any potential optimism, maintain risk insight and keep the PSA aligned with the evolving fault schedule for later stages of licensing.
3. Reliability Claims on SSCs in the PSA
The basis for PSA reliability quantification is on the system notebooks and on the SMR-160 reports referenced in PSR Part B Chapter 16 [2]; these documents combine international reliability handbooks, operating experience and importance measures to confirm that key Structures, Systems and Components (SSCs) meet their target failure probabilities. PSR Part B Chapter 4 and clarifications provided in the RQs explain the digital Control and Instrumentation (C&I) adaptations for Common Cause Failure (CCF) analysis. The ongoing review of inter-system CCF parameters for Motor Operated Valves (MOVs) and other shared equipment types is also discussed in the appropriate PSR chapters. A dedicated sensitivity study [1], recorded in the PSR Part B Chapter 16 [2], benchmarks high-reliability claims against UK Relevant Good Practice (RGP) and highlights those items that will need further evidence as the design matures. Commitment C_Faul_103 [6] tracks these data refinements so that the PSA and deterministic assessments continue to cite the same sources, while Commitment C_C&I_082, noted in PSR Part B Chapter 4 [9], covers the diversity upgrades to the Plant Safety System (PSS) and Diverse Actuation System (DAS) that are expected to reduce the model’s sensitivity to CCF assumptions. The evidence programme governed by these commitments will substantiate high-reliability and common-cause inputs before the PSA is baselined for UK site licensing stages.
4. CCF Modelling of SSCs in the PSA
CCF analysis follows the procedure HPP-160-3106 [10] and is implemented in the system notebooks that underpin PSR Part B Chapter 16 [2], where beta and alpha factor parameters are assigned to identical active components, and screened when a dependency can be shown to be negligible. Review of the preliminary model has already highlighted several points for improvement: certain digital C&I modules were initially classified as passive, inter-system dependencies for shared valve types received limited treatment, and physical separation or independent maintenance were sometimes accepted as sufficient grounds for exclusion. Such findings are a normal outcome of the analysis process and reflect its role in identifying enhancements to the design. These enhancements are being addressed under commitment C_Faul_103 [6] so that updated CCF parameters, aligned with IAEA guidance, feed both the PSA and the deterministic assessments for later licensing stages. In parallel, commitment C_C&I_082 in PSR Part B Chapter 4 [9] records planned diversity enhancements to the PSS and the DAS, which are expected to reduce the model’s sensitivity to common-cause assumptions.  These linked activities will deliver a consistently justified treatment of CCFs across all safety systems, aligned with UK regulatory expectations.
5. HRA Methodology
Holtec’s approach to the systematic identification of Human Actions (HAs) and potential associated failures is documented across several Step 2 deliverables, including the Holtec SMR-300 Human Factors HRA Methodology Review [11], the Human Reliability Assessment (HRAs) Step 2 Position Statement [12] and supporting RQ responses that summarise the identification of human actions. The SMR-160 PSA HRA report [14] documents the process for identifying and evaluating pre-initiator and post-initiator human failure events; as part of that work, the SMR-160 draft system notebooks and system fault trees were analysed to derive a representative set of post-initiator operator actions. A cross comparison of representative SMR-160 outputs with UK expectations has been completed and indicates that substantiation can be provided once SMR-300 specific HRA data become available. Commitment C_Huma_003 [13] captures development of a UK-specific HRA strategy to integrate outputs derived in the US NRC context into the SMR-300 design and safety assessment. This strategy will reduce reliance on assumptions and deliver the maturity and transparency expected of human reliability analysis for later UK site licensing stages. 
6. Partial Core Damage Sequences
Current PSA material adopts the Design Basis Accident (DBA) fuel cladding temperature acceptance criterion defined in SMR-300 Acceptance Criteria for Deterministic Safety Analysis [15], so sequences that remain within that criterion are screened from the Level 1 core-damage model. In response to the relevant RQ it was explained that, because dedicated SMR-300 transient analysis for localised fuel damage scenarios such as Anticipated Transients Without Scram (ATWS) will be completed at a later stage, the Step 2 PSA assigns a zero frequency to partial damage releases while acknowledging that this is a provisional position. Commitment C_Faul_103 [6] captures the planned expansion: forward work will establish thresholds for representative reactivity and heat removal transients and will introduce limited release categories so that any radiological risk from partial damage sequences can be quantified against SAP Targets before the model is baselined for later UK site licensing stages. This programme will remove assumptions and provide an auditable assessment of partial core damage risk that is in line with UK regulatory expectations.
7. Level 2 PSA
Current Severe Accident (SA) modelling transfers the SMR-160 MELCOR source term set to the SMR-300 design and classifies each sequence as No Release (NR), Small Release (SR) or Large Release (LR); the resulting Large Release Frequency (LRF) figures appear in PSR Part B Chapter 16 [2], supported by the UK PSA Sensitivity Studies [1] that adjusted key parameters (e.g., Vessel-LOCA frequency) to test how SMR-300 design changes affect the risk results. These studies show that, even with conservative boundary conditions and no credit for deposition or mitigation, the interim LRF remains inside the SAP Basic Safety Objective (BSO) region. It is however noted that Level 2 insights may be more design sensitive than Level 1 therefore the transfer is strictly provisional and that commitment C_Faul_103 [6] schedules a full SMR-300 Level 2/Level 3 PSA with plant specific SA runs. That programme will introduce explicit Large Early Release metrics, multi‑species source terms and late phase aerosols, model compartment-specific hydrogen behaviour and credit SA management measures, thereby meeting IAEA SSG-4 expectations on release timing and providing balanced best-estimate insight for later licensing stages. This planned development will deliver a Level 2 methodology suitable to support a representative Level 3 risk assessment.
8. Hazard PSA
External hazards are characterised in PSR Part B Chapter 21 [16], which applies operating experience reviews and the Great Britain Generic Site Envelope [17] to identify credible natural and man-made hazards, then screens them against frequency and consequence criteria in line with ASME/ANS RA-S-1.1-2022 [17]. Internal hazards follow the complementary process set out in PSR Part B Chapter 22 [18], where fire, flood, impact and other phenomena are identified and assessed relative to safety-classified plant and the need for combined-hazard assessment is highlighted. 
The SMR-300 Internal and External Hazards Screening Review [19] links both streams to the PSA by updating the SMR-160 hazard list for SMR-300 specifics. The initial candidate set reflects prior SMR-160 work to maintain continuity, while UK practice requires derivation of PSA hazard inputs from UK hazard analysis using the Great Britain Generic Site Envelope [17], combined hazard principles. The review therefore updates the set for SMR-300 specifics, identifies items for UK re-screening including combined and LPSD conditions, and instructs that retained hazards will be entered in the PFS [5] under commitment C_Faul_103 [6]. The planned post-Step 2 UK programme will finalise the hazard screening criteria, address combined and LPSD states, and embed structured importance and uncertainty analyses so the PSA can be baselined for later site licensing stages. 
Because the SMR-300 design is still in development, the PSA and the supporting deterministic studies are progressing in parallel with the detailed design and will be refined before licensing baselines are set. Commitments C_Faul_103 [6], C_Huma_003 [13] and C_C&I_082 [9] track the post-Step 2 work that will refine data, human-reliability treatment and digital diversity so the final model meets UK RGP. 
Holtec therefore recognises that RO-HOLTECSMR300-010 requests clear evidence that the PSA methodology themes set out above satisfy regulatory expectations. To progress this, Holtec will undertake a PSA Methodology Gap Analysis in order to ensure all methodology issues relevant to meeting UK expectations are identified, including those areas highlighted above.  Holtec will then develop the detailed list of methodology documentation to be updated, which will be confirmed in a PSA Strategy and Implementation Plan.  
Holtec’s resolution of the RO is set out in the sections that follow.


	Description of Deliverables

	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 the potential shortfalls identified in this RO.

Response:

A comprehensive PSA Methodology Gap Analysis will be undertaken across all relevant aspects of the SMR-300 PSA.  This will build on the initial gap analysis undertaken in GDA Step 2, to ensure methodology issues relevant to meeting UK expectations are identified.  This will include those areas identified in GDA Step 2 across the eight themes identified in this RO, as well as any other pertinent areas. 

The gap analysis will be performed against UK expectations of relevant good practice, including relevant Safety Assessment Principles (SAPs), Technical Assessment Guides (TAGs) and international best practice.

As described further under Action A2, a dedicated PSA Strategy and Implementation Plan will be produced.  This plan will use the output of the gap analysis to identify the document updates which are judged to be necessary, to develop a comprehensive set of PSA methodologies and procedures consistent with UK expectations.  The plan will also outline the timescales for these updates, to support future licensing activities.  

Reporting and Deliverables:

The final outputs to address Action A1 will be an updated and issued set of PSA methodologies, which satisfactorily address any gaps identified in the PSA Methodology Gap Analysis.  The detailed list of methodology documentation to be updated, will be confirmed in the PSA Strategy and Implementation Plan.  


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

In response to this Regulatory Observation Action, Holtec should: 

· A2.1 - Determine the scope of work required to update the PSA model and documentation, as a result of PSA methodology updates
· A2.2 - Provide a PSA strategy and plan to implement the necessary updates, identifying suitable project milestones for when updates will be implemented.

Response:

To support overall resolution of Action A2.1 and A2.2, a dedicated PSA Strategy and Implementation Plan will be produced.  This will set out the work required to further develop the PSA to support future UK licensing activities, including high-level objectives, future licensing milestones and provide clarity on the expected maturity of the PSA development to support the project lifecycle.

Based on the output of the gap analysis undertaken in Action A1, the PSA Strategy and Implementation Plan will also set out the plan for the detailed development of the PSA methodologies and associated models.  The strategy and implementation plan will:

· confirm what updates to existing PSA methodologies will be required to align with UK expectations
· provide a plan to implement the necessary updates, identifying suitable project milestones for when updates will be implemented 
· determine the scope of work required to update the PSA model and documentation, as a result of PSA methodology updates 
· justify why the proposed plan adequately supports delivery of the strategy
· ensure interfaces with other safety analysis and design topics are considered as part of the plan development (e.g. RO-SMR300-011)

Reporting and Deliverables:
The following deliverable will be undertaken to complete Action A2.1 and A2.2:
· PSA Strategy and Implementation Plan 


	Key Activities, Deliverables and Timeline

	
 
Note: T-0 marks the start of PCSR development; each earlier “T-n” step represents roughly three months before that start date. Blue cells indicate the periods during which work on each task is scheduled; completion of earlier tasks feeds into subsequent ones.

	Impact on GDA Submissions

	None.
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