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[bookmark: _Toc216268526][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my probabilistic safety analysis (PSA) assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in revision 1 of Holtec’s Safety, Security and Environment Case (SSEC) (comprising a Preliminary Safety Report (PSR), Preliminary Environment Report (PER), Preliminary Safeguards Report (PsgR), and General Security Report (GSR)), the Design Reference Point (DRP) revision 1.1, and supporting documentation. 
ONR’s GDA process calls for a step-wise assessment, which increases in detail as the project progresses. The focus of my assessment in this step was towards the fundamental adequacy of the SMR-300 design and PSR, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic safety and security cases.
[bookmark: _Hlk192240831]In accordance with my assessment plan, I targeted my assessment at the aspects of the SMR-300 design that are novel, contentious, or where significant safety claims are made.  My expectations were informed by ONR’s Safety Assessment Principles (SAPs), Technical Assessment Guides (TAGs) and other guidance which ONR regards as relevant good practice.
I targeted the following aspects in my assessment of the SMR-300 DRP and SSEC:
Adequacy of underpinning PSA processes and project procedures
Applicability of the available SMR-160 PSA to the SMR-300 design 
Adequacy of PSA methodologies, and their application in the PSA models and documentation 
PSA results, interpretation and use
Based upon my assessment, I have concluded the following:
The Requesting Party’s (RP’s) PSA specific project procedures which underpin the development of PSA, and its use, are a strength. There are however gaps in the RP’s overarching processes in terms of how PSA iterates and feeds into the design (captured in Regulatory Observation RO-HOLTECSMR300-012), although the practical and informal arrangements in place are adequate for the current level of maturity of the SMR-300 design and safety analysis.
The PSA submitted in Step 2 GDA is for the SMR-160. The SMR-160 is an earlier iteration of the Holtec reactor design from which the SMR-300 has been developed. The PSA for the SMR-300 was still under development during the GDA, so was not available to be assessed. Through comparing the designs and conducting sensitivity studies, the RP has demonstrated that some aspects of the SMR-160 PSA are applicable to the SMR-300 design, which I was able to assess in GDA Step 2. However, the transferability of risk insights was limited to internal events, and was not demonstrated for hazards or severe accidents. 
I was able to assess the suitability of the PSA methodologies in GDA as the methodologies being used to develop the SMR-300 PSA are the same as the SMR-160 PSA. 
The SMR-160 PSA quantifies risks arising from the reactor core, with no consideration of spent fuel pool, radwaste or fuel route faults. The SMR-160 PSA also does not include Level 3 PSA. SMR-300 PSAs are currently under development. The RP has committed to producing a full scope PSA for the SMR-300.
All key technical elements required to develop Level 1, Level 2 and hazard PSA models were present and described in the RP’s PSA methodologies. Several shortfalls within the PSA methodologies were however identified, which if not resolved, have the potential to challenge the adequacy of the PSA and the design. This includes the approach to identifying design specific internal initiating events, credible hazard combinations, the consideration of common cause failures, analysis of partial core damage sequences, human reliability analysis, and justification of the reliability data used. To recognise the potential significance of these shortfalls I raised RO‑HOLTECSMR300‑010. The RP has acknowledged these and prepared a resolution plan on how it intends to address them. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the identified gaps.
ONR’s Targets 5, 6, 7, 8 and 9 provide a framework to assess the risk from accidents, with the numerical estimation of risk primarily generated through a PSA. The PSA for the SMR-300 has not been developed yet. The PSA submitted for the SMR-160, although partially demonstrated as applicable to the SMR-300, is limited in scope (e.g. missing internal hazards and severe accidents). Whilst further development of PSA is required, the analysis submitted during GDA shows that the level of risk arising from the SMR-300 design is low. I have confidence that the BSLs for numerical targets 5 to 9 can be met. 

[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from a PSA perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design. However, I have identified a number of methodological shortfalls, which if not resolved, have the potential to challenge the adequacy of the PSA analysis of the SMR-300 design and therefore the safety case for a UK deployment. These have been captured in a regulatory observation to ensure they are followed up and closed out in the future.
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[bookmark: _Toc216268528]Introduction
This report presents the outcomes of my PSA assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in Revision 1 of the Holtec SMR-300 Safety, Security, Safeguard, and Environment Case (SSEC) (refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22]) the Design Reference Point (DRP) (ref. [23]), and supporting documentation (ref. [24]).
Assessment was undertaken in accordance with the requirements of ONR’s management system. It follows ONR’s Risk Informed and Targeted Engagements policy (RITE) (Ref [25]), Guidance on the Mechanics of Assessment (ref. [26]), ONR Safety Assessment Principles (SAPs) (ref. [27]), together with the principles detailed in the supporting Technical Assessment Guides (TAGs), have been used as the basis for this assessment. 
Background
ONR’s GDA process (ref. [28]) calls for a step-wise assessment of the Requesting Party's (RP) submissions with the assessments increasing in detail as the project progresses. Holtec International is the RP for the GDA of the Holtec SMR-300 design. Holtec International has designated Holtec Britain to manage the GDA project, including developing the SSEC. Holtec Britain is a wholly owned UK subsidiary of Holtec International.  
In October 2023 ONR, together with the Environment Agency and Natural Resources Wales (NRW), began Step 1 of the GDA for the Holtec SMR-300. Step 1, which is the preparatory part of the design assessment process and mainly associated with initiation of the project and preparation for technical assessment in later steps, was successfully completed in August 2024 (ref. [29]).
Holtec International confirmed that it only intends to complete GDA up to the end of Step 2. The output of Step 2 GDA is a GDA Statement.
Step 2 commenced in August 2024. The focus of ONR’s assessments in this step is towards the fundamental adequacy of the design and SSEC, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic SSEC. The objective is to undertake an assessment of the design against regulatory expectations to identify any fundamental safety, security, or safeguards shortfalls that could prevent ONR granting permission for construction of a power station based on the design (ref. [28]).
Prior to the start of Step 2 I prepared a detailed assessment plan for PSA (ref. [30]). This has formed the basis of this assessment and was also shared with the RP to maximise openness and transparency.  
This report describes one of a series of assessments which support ONR’s overall judgements at the end of Step 2 which are recorded in the Step 2 Summary Report (ref. [31]).
[bookmark: _Ref208562214]Scope
The assessment documented in this report is based upon the DRP and SSEC for the Holtec SMR-300 as summarised in the SSEC chapters and supporting documentation. 
The overall scope of the Holtec SMR-300 GDA is described in the PSR chapters A1 and A2 (ref. [1] [2]). The GDA scope was agreed in Step 1 although this has been modified, with agreement of the regulators, during Step 2 (refs. [32] [33]). The RP has indicated that it intends to complete a two-step GDA with the objective of receiving a GDA Statement from ONR, and has aligned its GDA scope with this objective. The GDA scope defines the generic plant and layout and includes all systems, structures and components that are identified as being important to safety, security and safeguards, all modes of operation, and all stages of the plant lifecycle.
My PSA assessment scope is defined in my assessment plan (ref. [30]) which is discussed in detail in section 4.1 and includes the following topics
PSA project procedures underpinning the PSA development
Transferability of SMR-160 PSA insights to the SMR-300 design
Assessment of PSA methodologies and their application
Results, interpretation and use of PSA
The PSA submitted in Step 2 GDA is for the SMR-160. The SMR-160 is an earlier iteration of Holtec reactor design from which the SMR-300 has been developed. The PSA for the SMR-300 was still under development during the GDA, so was not available to be assessed. During Step 2, the RP sought to demonstrate that the internal events Level 1 (L1) PSA is applicable to the SMR-300 design, to allow an assessment of the SMR-160 PSA model. I was also able to assess suitability of the PSA methodologies in GDA as the methodologies being used to develop the SMR-300 PSA are the same as the SMR-160 PSA
I originally included assessment of the Level 2 (L2) SMR-160 internal events PSA in my assessment plan, however the RP established during GDA that the severe accident progression would likely be more sensitive to the design changes made for the SMR-300, thus I removed it from my assessment sample. 
Given that this is a fundamental assessment and the design and analysis of the Holtec SMR-300 is still developing, not all aspects of the facility design are within the GDA scope. The following aspects are therefore out of scope for this assessment:
Level 3 (L3) PSA, hazards PSA, spent fuel pool, radwaste and fuel route PSAs

[bookmark: _Toc216268529]Assessment standards and interfaces
For ONR, the primary goal of the GDA Step 2 assessment is to reach an independent and informed judgment on the adequacy of the design as detailed in the DRP, and the safety, security and safeguards case for the reactor technology being assessed.
ONR has a range of internal guidance to enable inspectors to undertake a proportionate and consistent assessment of such cases. This section identifies the standards which have been considered in this assessment.
This section also identifies the key interfaces with other technical topic areas.
Standards 
The ONR SAPs (ref. [27]) constitute the regulatory principles against which the RP’s case is judged. Consequently, the SAPs are the basis for ONR’s assessment and have therefore been used for the Step 2 assessment of the Holtec SMR-300.
The International Atomic Energy Agency (IAEA) safety standards (ref. [34]) and nuclear security series (ref. [35]) are a cornerstone of the global nuclear safety and security regime. They provide a framework of fundamental principles, requirements and guidance. They are applicable, as relevant, throughout the entire lifetime of facilities and activities.
Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [36]), which represent good practices for existing nuclear power plants, and Safety Objectives for new reactors (ref. [37]).
The SAPs are embodied and expanded on in the ONR TAGs. The relevant SAPs and TAGs have been benchmarked against IAEA and WENRA guidance available at the time of publication. Throughout most of this report I have taken credit for this and referred primarily to the SAPs and TAGs, and to IAEA guidance where it provides directly relevant advice on some topics.
Safety Assessment Principles (SAPs) 
The key SAPs applied within my assessment are the PSA SAPs: FA.1, FA.10, FA.11, FA.12, FA.13 and FA.14. These are the fundamental SAPs relating to the development, validity, scope and use of PSA to support design of new facilities. The assessment section demonstrates how these SAPs have been used in my assessment. 
1. A list of the SAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
2. The following TAGs have been used as part of this assessment:
NS-TAST-GD-096 – Guidance on Mechanics of Assessment (ref. [26])
NS-TAST-GD-005 – Regulating Duties to Reduce Risks to As Low as Reasonably Practicable (ALARP) (ref. [38])
NS-TAST-GD-030 – Probabilistic Safety Analysis (ref. [39])
NS-TAST-GD-063 – Human Reliability Analysis (ref. [40])
NS-TAST-GD-046 – Computer Based Safety Systems (ref. [41])
NS-TAST-GD-116 – Use of Probabilistic Safety Analysis and Probabilistic Insights (ref. [42])
National and international standards and guidance
3. The following international standards and guidance have been used as part of this assessment:
IAEA, Format and Content of the Safety Analysis Report for Nuclear Power Plants, Specific Safety Guide No. SSG-61 (ref. [43])
IAEA SSG-3 - Development and Application of Level 1 Probabilistic Safety Assessment for Nuclear Power Plants (ref. [44])
IAEA SSG-4 - Development and Application of Level 2 Probabilistic Safety Assessment for Nuclear Power Plants (ref. [45])
IAEA SSG-64 – Protection against internal hazards in the design of Nuclear Power Plants (NPPs) (ref. [46])
Integration with other assessment topics
4. I have worked closely with other topics as part of my PSA assessment. Similarly, other assessors sought input from my assessment. These interactions are key to the success of GDA to prevent or mitigate any gaps, duplications or inconsistencies in ONR’s assessment. 
5. The key interactions with other topic areas were:
The management for safety and quality assurance (MSQA) inspector has assessed the adequacy of the RP’s overarching design control and requirements management arrangements (ref. [47]). I assessed the RP’s PSA specific project procedures, and how PSA is integrated into the overall design process.
The fault studies inspector has assessed the adequacy and maturity of design basis analysis for SMR-300 (ref. [48]). The PSA is a probabilistic representation of all credible initiating events and the systems claimed to prevent and mitigate a radiological release, hence there is overlap between the topics.
The human factors inspector took the lead regarding the RP’s suitability and sufficiency of human actions in the design basis analysis part of the safety case (ref. [49]), while I assessed the application of Human Reliability Analysis (HRA) in the PSA.
The control and instrumentation (C&I) inspector took the lead in assessing the C&I architecture (ref. [50]) which I supported by assessment of the PSA modelling of the C&I in the PSA.
The structural integrity inspector provided advice on numerical claims made on the structural integrity of the reactor pressure vessel (RPV) and Annular Reservoir (AR) in the PSA.
I liaised with internal and external hazards inspectors to ensure our understanding of the hazards screening methodology aligned. I discussed the internal hazard PSA methodologies with the internal hazards inspector as the deterministic and probabilistic approaches share common steps. 
Use of technical support contractors
During Step 2 I engaged Technical Support Contractors (TSCs) to support the following specific aspects of my assessment of PSA for the Holtec SMR-300: 
Review of the RP’s PSA methodologies 
The TSC provided a systematic review against relevant good practice captured in tables of Appendix 1 of ONR’s TAG-30 on PSA and IAEA guidance. Where shortfalls were identified, the TSC provided advice on the perceived significance of the issues based on the contractor’s expert knowledge and experience. The TSC’s final report is documented in ref. [51]. I have considered the conclusions of the TSC review when conducting my assessment of the PSA methodologies. It should be noted that all regulatory judgements have been made exclusively by ONR.

[bookmark: _Toc216268530]Requesting party’s submission
The RP’s principal submissions are a series of drawings and documents that make up the DRP and a series of SSEC chapters and other supporting references, which provides its preliminary safety, security, safeguards and environment cases for the generic SMR-300 design. This section presents a summary of the SMR-300 design and safety case for PSA. It also identifies the supporting documents submitted by the RP which have formed the basis of my PSA assessment of the SMR-300.
[bookmark: _Ref209018309]Summary of the Holtec SMR-300 design
The Holtec SMR-300 design is a Pressurised Water Reactor (PWR) with a single steam generator, including an integrated pressuriser and two Reactor Coolant Pumps (RCPs) providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 MWe (from a thermal power of 1,050 MWth) with a design life of 80 years for non-replaceable components. The SMR-300 design submitted for assessment in GDA is a twin-unit design comprising two SMR-300 reactors and associated plant.
The SMR-300 is equipped with a number of supporting systems for normal operations and a range of safety measures to provide cooling, criticality control, and contain radioactivity under fault conditions. Passive safety features are preferred by the RP rather than active components, reflecting the RP’s design philosophy. 
The SMR-300 has a compact layout. The RPV (which holds the fuel assemblies), the steam generator, RCPs and associated pipework, the Spent Fuel Pool (SFP) and the passive safety systems, are all held within a steel Containment Structure (CS) and a secondary steel and concrete Containment Enclosure Structure (CES). The AR, containing a large volume of water, is located between the CS and CES.  The AR is used to provide the ultimate heat sink to the passive safety systems.  
The twin unit design is comprised of two separate reactors in separate containment buildings. Each reactor has dedicated normal operation systems, safety measures and SFP, however there is a single control room for the twin unit SMR-300.
The RP claims the Holtec SMR-300 design has been developed based upon well-established PWR technology. The RP claims that the design of the SMR-300 is based upon the following principles:
redundant and passive engineered safety features
simplified plant design with structures designed to withstand all postulated external events
ability to mitigate design basis accidents with no operator action
ability to cope with an extended loss of all AC power for at least 72 hours
defence-in-depth approach to beyond design basis accident mitigation
highly reliable active systems to support normal plant operation
The Passive Containment Heat Removal System (PCH) is designed to maintain the containment pressure and temperature within design limits in the event of a postulated accident by utilising the metal containment structure and the water inventory in the AR that envelopes the containment structure to remove heat from containment. The PCH does not require any actuations or signals to perform its functions.
The Passive Core Cooling System (PCC) provided to fulfil the emergency core cooling safety function on the SMR-300 design are actively initiated but passive in operation. Initiation is through opening of Motor Operated Valves (MOVs) but once the valves have opened the systems operate on the principles of natural circulation, pressure differentials, and gravity head. The PCC is comprised of the primary decay heat (PDH) and secondary decay heat (SDH) removal systems, the Passive Makeup Water System (PCM), and the Automatic Depressurisation System (ADS).
The PDH provides core cooling for intact circuit faults removing heat directly from the Reactor Coolant System (RCS) and rejecting it to the Passive Core Make-up Water Tank (PCMWT) via the PDH heat exchanger located within the PCMWT. There are two parallel actuation valves to initiate the PDH, but only a single heat exchanger and associated pipework. The PDH is designed to be capable of rejecting 100% of the decay heat.
The SDH provides an additional, diverse means of core cooling for intact circuit faults. The SDH pipework is connected to the steam side of the steam generator, this pipework then penetrates the containment structure, and the steam is condensed in a heat exchanger within the AR. The pipework then returns through the containment structure, and the condensate returns to the Main Feedwater System (MFS) header. Two parallel actuation valves are available to initiate the SDH, but only a single heat exchanger and associated pipework. The SDH is designed to be capable of rejecting 100% of the decay heat.
The ADS is designed to work in conjunction with the PCM with the ADS depressurising the RCS following a Loss of Coolant Accident (LOCA) to allow for the injection of make-up water. The ADS is then designed to vent steam from the RCS which removes decay heat enabling long-term cooling. There are two stages of ADS (ADS1 & ADS2). Each ADS has two trains with two isolation valves in series per train.
The PCM is designed to provide borated make-up cooling water to the RCS following a LOCA and comprises the medium pressure accumulators, and non-pressurised PCMWT. The cooling water injection is designed to provide core cooling following a LOCA and long term cooling, and to inject sufficient boron to provide reactor shutdown/hold-down. During operation of the PDH the PCMWT is designed to heat up and boil. The steam would then condense on the containment structure wall rejecting its heat through the containment structure into the AR. The condensate is then ducted into the spent fuel pool and recirculation valves connect the spent fuel pool to the PCMWT to recirculate the cooling water for long term cooling (see figure 1 below).
All of the actuation valves on the ADS, PCM, PDH and SDH systems are motor operated valves which receive actuation signals from either the Plant Safety System (PSS) or the Diverse Actuation System (DAS). The power for each of these valves is provided by the battery powered electrical system which is comprised of two redundant divisions with a minimum 72-hour Class 1E DC supply.
[image: Diagram of the long term cooling operation following a LOCA
]Following a LOCA, activation of the ADS and PCM systems will flood the reactor cavity which is designed to cool the reactor vessel in the event of core damage facilitating in-vessel retention for severe accident mitigation purposes, as illustrated below (figure 1 extracted from ref. [2])Figure 1: Long term cooling operation following LOCA

SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the PER, the Generic Security Report (GSR) and the Preliminary Safeguards Report (PSgR), along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (MDSL) (ref. [24]). 
The SSEC has been developed for a twin-unit reactor design to be constructed, operated, and decommissioned on any generic site that is within the bounds of the generic SMR-300 Generic Site Envelope (GSE).
The fundamental purpose of the SSEC is to demonstrate that the SMR-300 can be constructed, commissioned, operated, and decommissioned on a generic site in the United Kingdom (UK) to fulfil the future licensee’s legal duties to be safe, secure and protect people and the environment (ref. [1]).
The SSEC and supporting documents have been prepared using the Claims Arguments Evidence (CAE) concept. SSEC Chapter A3 (ref. [3]) provides a high-level route map which links the claims made throughout the SSEC to the fundamental purpose.
Summary of the requesting party’s case for PSA 
PSR Chapter A5 (ref. [5]) describes the PSA as providing a significant contribution to the overall ALARP demonstration. PSA is one of seven aspects supporting the RP’s claim 2.1 that “The nuclear safety assessment identifies plant initiating events and specifies the requirements for safety measures such that safety functions are fulfilled, informs operational and emergency arrangements and demonstrates that risk is tolerable and As Low As Reasonably Practicable (ALARP).” 
PSR Chapter B16 (ref. [11]) presents the claim that “The probabilistic safety assessment (PSA) demonstrates that the design of the Generic Holtec SMR-300 is balanced such that risk is tolerable and As Low As Reasonably Practicable (ALARP).” (Claim 2.1.4). This is supported by five subclaims covering the Holtec SMR-300 safety case for PSA.
2.1.4.1 - The scope and methodology of the PSA performed as part of the fault analysis and design development enables designers to achieve a balanced design, permit the interrogation of the risk profile in terms risk contributors accident release magnitude and frequency, and demonstrate numerical risk targets are met.
2.1.4.2 - The PSA adequately reflects the generic Holtec SMR-300 design and intended operation and in the absence of specific information assumptions are justified and their impact evaluated.
2.1.4.3 - The PSA covers all significant sources of radioactivity, all permitted operating states and relevant initiating faults.
2.1.4.4 - The PSA model is broadly aligned with UK Relevant Good Practice (RGP) in terms of level of detail, accident sequence development, dependencies, and success criteria.
2.1.4.5 - PSA has been used to inform the design processes, including modifications, risk, and ALARP outcomes, as well as supporting the Design Basis Assessment (DBA) and Beyond Design Basis Assessment (BDBA).
The supporting arguments and evidence for these claims are at differing stages of maturity. Appendix A of PSR Chapter B16 identifies where the RP considers these to be met, or where future development is needed to substantiate the claims.
Chapter B16 presents an overview of the RP’s PSA development to date, a further breakdown of the above subclaims, a summary of the PSA codes and standards used, differences between the SMR-160 and SMR-300, the modes of operation and sources of radionuclide release considered, a review against RGP, and the PSA results and insights. It also includes a section explaining how chapter B16 contributes to the overall demonstration that risks are reduced to ALARP.
The arguments and evidence covered by the Holtec SMR-300 safety case for PSA can broadly be grouped under five headings: PSA processes, PSA codes and standards, scope of PSA for GDA (including applicability of the SMR-160 PSA to the SMR-300 design), PSA results, interpretation and use, and demonstration that risks are reduced ALARP.
PSA processes
Not explicitly covered in PSR chapter B16, but underpinning the overall management of PSA, is the RP’s overarching design process (ref. [52]), supplemented by PSA project specific process documents (ref. [53] [54] [55] [56] [57]) which detail the approach to integrated model development, model maintenance and update, PSA documentation standards, assumptions tracking, and communication of PSA risk insights and recommendations. 
PSA codes and standards
The RP describes US and international regulatory and industry PSA policies, guidance and standards, used to develop the PSA, and claims to have met these standards. In addition, the RP claims to have established a robust definition of UK PSA RGP, and a gap analysis, to inform the development of a UK PSA for the SMR-300 post GDA Step 2 to meet UK regulatory expectations.
Scope of PSA for GDA, and applicability of the SMR-160 PSA to SMR-300 design
Chapter B16 explains that a SMR-300 PSA is currently under development and not available for assessment. Prior to the RP’s decision to pursue the SMR-300 design, a partial scope L1 and L2 PSA for the precursor SMR-160 design had been developed. These PSAs cover internal reactor faults for ‘at power’, and Low Power and Shutdown (LPSD) modes of operation. These PSAs did not evaluate fuel transfer route hazards or risks associated with the SFP or radwaste. Furthermore, although the RP developed PSAs for external and internal hazards for the SMR-160 design, these are not included in the PSA scope for GDA as the results and risk insights are judged not to be transferable due to the design changes. An L3 analysis, used to evaluate offsite consequences, has not been developed yet.
The RP considers the L1 at power SMR-160 PSA results to be representative of the SMR-300 due to the similarity of the SMR-300 and SMR-160 accident mitigating system design. For GDA Step 2, a L1 at power PSA model, referred to as the ‘UK PSA sensitivity study’ and a supporting report were developed to support this claim (ref. [58] [59]). 
PSA results, interpretation and use 
The SMR-160 L1 and L2 PSA results are reported in PSR Chapter B16 for all operating states. Additionally, the results of the UK PSA sensitivity study are presented. An indicative comparison is made to the SAP numerical targets 5-9.
The RP describes how PSA has been to inform the design processes, including modifications, risk, and ALARP outcomes, as well as supporting the Design Basis Assessment (DBA) and Beyond Design Basis Assessment (BDBA).
Demonstrating risks are reduced ALARP 
The maturity of the design is such that demonstrating risks are reduced ALARP is not possible at this stage. PSR chapter A5 presents an overall summary of the RP’s demonstration that risks from the generic SMR-300 design are likely to be reduced ALARP. It focuses largely on the methodology and approach, covering the adoption of RGP, consideration of ALARP during design development, tolerability of risk and the consideration of options to further reduce risk. Use of PSA is claimed as a safety assessment tool supporting the demonstration that risks have been reduced ALARP.  
PSR chapter B16 sets out the arguments for how PSA contributes to demonstrating risks will be reduced ALARP. Due to the current scope and maturity of the PSA, the RP seeks to provide confidence that the validity of the PSA claims and arguments can be met with future PSA developments. In the chapter summary, the RP bases this on three legs: the existing PSA models comply with US PSA requirements supplemented with a gap analysis with respect to UK PSA expectations, evaluation of risk and demonstration against risk targets, and use of PSA to reduce risk.
[bookmark: _Ref211773576]Commitments
PSR chapter B16 presents PSA related commitments to address perceived differences in the scope, methodology and extensiveness of the safety assessment applied to the SMR-300 design:
C_PSA_123: PSA methodologies employed on the SMR-300 require further development to fully align with UK regulatory expectations, including the requirement for Independent Peer Review of the developed PSA models[footnoteRef:2]. A Commitment is raised to perform Independent Peer Review of the SMR-300 PSA to support the issue of the UK Pre-Construction SSEC. Target for Resolution – Issue of UK Pre-Construction SSEC. [2:  ONR sets no mandatory requirement for Independent Peer Review. It is however seen as good practice and would be taken into account as part of an assessment.] 

C_Faul_103: Holtec commit to ensuring that the repurposing of the US safety analyses undertaken for the Palisades SMR-300 design also considers and undertakes, as necessary, supplemental safety assessment to appropriately address UK expectations and good practice. This supplemental assessment should incorporate the full scope UK SMR-300 design and will be targeted to ensure a holistic and comprehensive approach across the recognised safety assessment disciplines. Future UK SSEC is therefore expected, as a minimum, to encompass:
Completion of the identification of PIEs, within the full scope UK SMR-300 design.
Harmonization between this initiating event list for use in both deterministic and probabilistic assessments.
Extension of the scope of PSA to assess the SMR-300 design and operation to Level 3 PSA; this will include all sources of radionuclide release and operations (such as the SFP) and all potential initiating events (e.g. Internal Hazards, External hazards).
Development of a UK-aligned set of design basis faults.
An updated UK Fault and Protection Schedule, which covers all design basis faults for the SMR-300.
UK Design Basis Accident Analysis (DBAA) studies to:
Identify UK aligned expectations for safety function categorisation and classification of structures, systems and components (SSCs) for each bounding fault.
Demonstrate, supported by appropriately verified and validated UK DBAA, that the design can safety mitigate all design basis faults.
Undertake supporting radiological consequence analysis to demonstrate the residual risks are tolerable and ALARP.
UK-aligned Severe Accident studies, informed by the PSA and DBAA, to ensure that the facility can be brought into a long term safe, stable state.
Incorporate Human Factor Engineering analysis (including Human Reliability Analysis) throughout DBAA / PSA / SAA.
Basis of assessment: Requesting Party’s documentation
The principal documents that have formed the basis of my PSA assessment are:
PSR PSA chapter B16 (ref. [11])
Holtec SMR PSA Gap analysis between SMR-300 and SMR-160 (ref. [60])
SMR-300 Internal and External Hazards Screening Review (ref. [61]) 
PSA Review of Preliminary Fault Schedule (ref. [62]) 
SMR-300 Passive Safety Systems Reliability Review (ref. [63])
Review of Current SMR-160 PSA against PSA best practice (ref. [64])  
UK PSA Sensitivity Studies (ref. [58] [59]) 
SMR-160 Methodologies, PSA model and PSA documentation (specific references sampled are given in section 4)


[bookmark: _Toc216268531]ONR assessment
[bookmark: _Ref208988857]Assessment strategy
My assessment strategy has largely followed my Step 2 assessment plan (ref. [30]). I have targeted matters
which allow me to form a judgement on the fundamentals of the SMR-300 design and safety case in line with the objectives of Step 2;
which I judge to be the most safety significant or where the hazards appear least well controlled;
where I consider that justification and scrutiny of the design or safety case may be needed due to factors such as novelty or uncertainty; and
where the SMR-300 design or safety case differs from international standards and ONR SAPs.
As outlined in section 1.2, full scope and design specific SMR-300 PSAs were not available for GDA Step 2. Table 1 below summarises the PSA methodologies and SMR-160 models included in the scope of my assessment.
	PSA Level
	Aspect
	Methodology
	SMR-160 PSA model

	Level 1
	Internal Events At Power
	Yes
	Yes

	
	Internal Events Low Power / Shutdown
	Yes
	Yes

	
	Internal Hazards (Fire, Flood)
	Yes
	No (available but not in scope as insights cannot be transferred to SMR-300)

	
	External Hazards (Seismic, High winds, Floods)
	Yes
	No (available but not in scope as insights cannot be transferred to SMR-300)

	
	SFP
	Available, not assessed
	No

	
	Fuel Route
	No
	No

	
	Radwaste
	No
	No

	Level 2
	All
	Yes
	No - Included in assessment plan, however not assessed (see Section 4.2.2)

	Level 3
	All
	No
	No


Table 1 – Scope of PSA Assessment in GDA Step 2
I have targeted my assessment on the adequacy of the PSA processes, including QA, demonstration of adequate qualification of the people undertaking the tasks, and assumptions tracking, used in developing the PSA, and how PSA is incorporated into the overall design process, as in my opinion these are important to achieve a high quality and valid output.
I have targeted the arguments and evidence supporting the claim that the available SMR-160 L1 at power PSA model is sufficiently representative of the SMR-300 to allow a meaningful assessment of the PSA to be made, as no design specific SMR-300 PSA is available at this stage. During the GDA, the Requesting Party determined that containment behaviour during severe accident progression, addressed in the Level 2 PSA, is likely to be sensitive to the design changes between the SMR-160 and SMR-300. As a result, the risk insights and results from the existing SMR-160 Level 2 PSA are less directly applicable to the SMR-300 than those from the Level 1 PSA. I therefore did not sample the available L2 PSA, but focussed on the L2 PSA methodology.
I have targeted the key technical elements and steps of developing a PSA. This included the identification and grouping of initiating events (IEs), PSA data, system fault tree modelling (including modelling of passive safety systems, modelling of common cause failures (CCFs), human reliability analysis (HRA) in PSA, and event tree modelling. For these I, supported by a TSC (ref. [51]), assessed the RP’s methodologies as well as sampled the application of the methodologies in the SMR-160 PSA model and documentation. I assessed the L2 PSA methodology and the hazard methodologies, as well as the hazard screening output completed for the SMR-160 and developed during GDA by the RP. 
I targeted the results presented for the quantified PSA, and the interpretation of the results by the RP to generate insights. I assessed whether the PSA was used to inform the design process, developing a risk balanced design, and being used to support the demonstration of whether risks are likely to be reduced ALARP. I assessed the RP’s indicative comparison against ONR’s numerical targets.
I have taken a sampling approach for my assessment. I sampled aspects within each of the targeted areas above to inform a judgement on the adequacy of the RP’s submissions within my assessment scope, in line with ONR policy.
Assessment
PSA processes 
To develop a high quality PSA capable of fulfilling all the use cases identified in SAP FA.14, adequate project arrangements are needed. My expectations are informed by SAP AV.4, which sets expectations that computer models and datasets used in support of the safety analysis should be developed, maintained and applied in accordance with quality management procedures. 
I sampled the RP’s PSA specific project procedures (ref. [53] [54] [55] [56] [57]) which underpin the development of the PSA model, the PSA documentation and PSA applications to establish whether 
the PSA is based on robust and traceable processes in which all details of the PSA, including explicit and implicit assumptions, modelling techniques, etc. are fully checked, documented and recorded;
adequate processes have also been used to ensure high quality of the inputs from other teams into the PSA and adequate substantiation of related aspects of the PSA; 
the PSA assumptions are captured, tracked and reviewed when further information becomes available; 
the PSA is integrated into the design process; and 
the PSA is used to support the demonstration that the level of risk is ALARP.
I note that the procedures I reviewed were specific to the SMR-160 as the SMR-300 equivalent documents were not yet available. The RP confirmed that all project procedures are being updated for the SMR-300, but the broad approach and intent would remain the same as for the SMR-160 design, incorporating lessons learnt where applicable. 
ONR’s MSQA inspector assessed the RP’s approach to design control and development (ref. [47]). Their Regulatory Observation (RO) RO-HOLTECSMR300-012 (ref. [65]) captured potential shortfalls in the requirements management arrangements. The MSQA inspector has judged the RP’s resolution plan is credible and will likely address the identified shortfalls. The RP’s high level design control document (ref. [52]) does not adequately articulate how PSA feeds into and iterates with the design control process. I explored this topic during an in-person regulatory engagement with the RP in the United States (ref. [66]). I concluded that the level of engagement between the PSA and design teams is adequate for the current level of maturity of the SMR-300 design and safety analysis, albeit driven by SQEP personnel and custom, rather than systematic documented processes. A mixture of regular formalised interactions between the design and PSA team members, and informal discussions take place, facilitated by small team sizes and the proximity in the office. Arrangements using the RP’s document management system ensure design changes are not overlooked. Although not proceduralised, based on the evidence gathered I judge the PSA iterates with the design and the analysis feeds into the design requirements. 
The PSA specific project procedures I sampled clearly describe requirements for developing and updating PSA models and documentation in accordance with quality management procedures. This included measures and controls to provide confidence that the tasks were undertaken without error, are appropriately communicated, independently verified, and delivered by suitably trained and experienced personnel. I noted no significant omission in the arrangements. The exception to this is no explicit mention of reducing risks ALARP, as this is not a US regulatory requirement. However, during the in-person regulatory engagement with the RP in the US, the RP provided ample evidence that risk insights from the PSA are robustly used to inform the design or for optioneering as set out by SAP FA.14 (ref. [66]). I judge that the RP has integrated PSA well into the design process, and by virtue of its arrangements, in particular (ref. [57]), meet expectations of SAP FA.14 for the use of PSA. 
I judge that the RP’s arrangements for tracking PSA assumptions are an area of good practice. The RP distinguishes between two categories of assumptions: 
“Industry” reasonable assumptions which are not tracked. 
“Unverified assumptions” which require later verification and checking once the final design is available. These are documented in the text of the PSA system notebook, and are individually extracted and tracked in the RP’s document management system. 
Based on evidence I sampled during a visit to the RP’s US offices, I judge that QA arrangements associated with PSA are robust. The aspects I sampled included written pre-job briefs, assignment of roles, SQEP records, and written verification trails including close-out of comments. 
To conclude, there are gaps in the RP’s high level formalised arrangements in terms of how PSA iterates and feeds into the design (captured in MSQA RO-HOLTECSMR300-012), although the practical and informal arrangements I sampled are adequate for the current level of maturity of the SMR-300 design and safety analysis. PSA specific project procedures meet expectations set out in AV.4, required to support FA.12-14, and are a strength of the project. 
[bookmark: _Ref210032420]Applicability of the SMR-160 PSA for the SMR-300 design
My expectations are informed primarily by SAP FA.11, which requires the PSA to be directly related to the existing facility and site information, data and documentation. The RP considers the L1 SMR-160 PSA results to be representative of the SMR-300 due to the similarity of the SMR-300 and SMR-160 accident mitigating system design. For GDA Step 2, the ‘UK PSA sensitivity study’ model and report were developed to support this claim (ref. [58] [59]). I assessed these to form a judgement of whether it was meaningful to draw conclusions on the adequacy of PSA based on the pre-existing SMR-160 PSA models.
The RP provided no discussion or justification for the transferability of the SMR-160 L1 LPSD PSA or the L2 PSA in the UK PSA sensitivity study report, nor in the PSA PSR chapter B16. B16 however claims that “The numerical results and insights from the SMR-160 L1 and L2 internal events PSA are presented in this PSR [..] These results are considered to representative of the SMR-300”. I queried the absence of the underlying justification for this statement in RQ-02294.
For the LPSD PSA, the RP provided a reasonable justification for the transferability of risk insights in the RQ response. For the L2 PSA, the RP stated the results are more design sensitive than the L1 PSA results. The RP however provided adequate arguments that the overall order of magnitude inferred in the PSR for the large release frequency (LRF) for the SMR-300 is conservative, allowing an indicative statement to be made regarding the comparison against numerical targets. 
As the specific risk insights (for example identification of dominant accident sequences or importance measures) from the SMR-160 L2 PSA cannot be read across as was possible for the SMR-160 L1 PSA, I judged a detailed assessment of the L2 PSA model and results would not be sufficiently meaningful. Although my assessment plan originally stated I would assess the SMR-160 L2 PSA, I have thus limited my L2 PSA assessment to the RP’s methods. 
The SMR-300 design is planned as dual reactor unit, whilst the SMR-160 was a single unit reactor design. Therefore, the SMR-160 PSA does not consider multi-unit aspects, for example the impact of shared systems, common cause effects such as hazards, or events on one reactor affecting the other reactor. I do not however expect the RP to provide detailed multi-unit modelling at this stage of design maturity, and the RP states there are no risk significant systems shared between the two SMR-300 reactors. The RP has produced a multi-unit PSA risk assessment methodology (ref. [67]). It describes making adjustments to the basis single unit PSA to account for multi-unit configurations, and to identify possible ways in which units could be coupled from a risk perspective. A dual unit reactor with a single main control room is not novel in the UK, hence I did not include this methodology in my sample. The RP has made commitments (C_Faul_103, see subsection 3.3.6) to develop a full scope PSA taking account of all sources of risk. On this basis I consider it likely that the future PSA will meet expectations with respect to multi-unit considerations.  
To develop the UK PSA sensitivity study, the RP identified design changes between the SMR-160 to SMR-300 in the SMR PSA Gap Analysis report (ref. [60]). The issued gap analysis was completed against Design Reference Point v1.0 (ref. [68]). During GDA Step 2, the Design Reference Point was further updated to v2.0 (ref. [23]). The RP confirmed in the UK PSA sensitivity study report that none of the additional changes had a meaningful impact on the results and conclusions presented.
The design changes were classified as either relevant to PSA or not expected to affect the PSA. Those which were considered to impact the PSA were incorporated into the UK PSA sensitivity study and documented in the associated report. Further changes included the removal and addition of IEs, and adjustments made in selected instances where the RP had concluded that the numerical claims made were optimistic compared to UK RGP. I judge that this approach was reasonable. The RP provided a discussion of the results focussing on the impact of the changes on the at power core damage frequency (CDF).
The changes made between the start point SMR-160 PSA model (ref. [69]) and UK PSA sensitivity study were:
In the SMR-160, the PDH comprised two closed loops (one primary and one secondary loop), each with its own heat exchanger. The first loop transferred heat from the SG to a heat exchanger (PDH HX1) located within the containment. The second loop then carried heat from PDH HX1 to a second heat exchanger (PDH HX2) situated AR. For the SMR-300, this arrangement has been simplified to a single-loop system, which uses the PCMWT as the heatsink. I judge this modification does not significantly affect the results, as the PDH operates with a single-train system in both the SMR-160 and 300 design, the main difference being the choice of heatsink. Therefore, the risk insights and results from the SMR-160 PSA remain applicable to the SMR-300 in this context.
The RP self-identified that the justification for the failure probability of the PSS software modelled in the SMR-160 PSA model was unlikely to meet ONR expectations. Thus, the probability of failure on demand (pfd) was amended to 1 x 10-4 for the UK PSA sensitivity study, see section 4.2.3.7 for further discussion on PSS software reliability claims. This alone would have significantly impacted the PSA results. The failure probability of the DAS had been set to 1.0 pfd in the SMR-160 model as the system fault tree modelling had yet to be developed. Noting the further work needed to underpin any reliability claims, the RP amended the failure probability for the DAS from 1.0 pfd to 1 x 10-3 pfd, to reflect a likely achievable DAS reliability claim. Had the RP retained the original software reliability claims from the SMR-160 PSA in the UK PSA sensitivity study, the applicability of the SMR-160 PSA would have been directly transferable in this respect, albeit carrying the same currently unjustified PSS software reliability claims. Notwithstanding the significant further work required to address shortfalls identified in the C&I architecture of the PSS and DAS, I concluded the results of the SMR-160 were applicable for a fundamental GDA Step 2 assessment.
Removal of IEs from the PSA modelling a break in the upper riser and lower riser of the steam generator for SMR-160 respectively. These are not considered credible in the SMR-300 due to the changed design. These made a negligible contribution to the SMR-160 results, hence removal of these IEs had little impact on the risk profile, and the SMR-160 PSA remains applicable to the SMR-300 design.
Addition of a large loss of coolant accident (LOCA) IE due to changes in the reactor cooling system. I judge this contributes little additional risk due to the low initiating event frequency (IEF), and provision of a reliable means of passive cooling, the SMR-160 PSA therefore remains applicable.
Addition of a loss of offsite power IE (LOOP). A high level objective of the SMR-300 design is to be insensitive to loss of AC supplies, only requiring DC supplies from batteries to provide essential safety functions, for example initiate opening of MOVs to establish passive natural circulation cooling. This fault therefore contributes little additional risk, and the SMR-160 PSA remains applicable.
Increase in the vessel LOCA IE frequency by approximately three orders of magnitude to align with UK expectations for failure of a ‘very high reliability’ component such as the RPV. This has a significant impact on the PSA results as the IE is assumed to lead directly to core damage. This is a ‘fixed’ risk which provides no risk insights to the RP’s design. I therefore judge that the insights from the SMR-160 remain applicable to the SMR-300, as the RPV design has not changed, only the failure frequency assumed for its failure. See section 4.2.3.2 for further discussion.
Inclusion into the internal events PSA of the feedwater line break (FWLB) and main steam line break (MSLB) fault trees, modelling the breaks inside containment. The RP claims all safety systems inside containment will be qualified against such hazards given the response strategy to LOCAs is to flood up the reactor cavity inside containment. The RP thus assumes[footnoteRef:3] for the PSA that there is no unavailability / failure of SSCs due to flood water or steam, and models the fault progression as per an internal events fault, resulting in a low-risk contribution from FWLB and MSLB. On this basis I judge the SMR-160 PSA remains applicable to the SMR-300. [3:  The hazard qualification assumptions have yet to be substantiated. Internal hazards RO-HOLTECSMR300-007 identifies gaps in the RP’s identification and assessment of internal hazards within the containment structure.] 

Inclusion of the probability of passive system failure due to presence of non-condensable gases, which was low compared to failure of the active components, and thus had little impact on the results. The SMR-160 PSA model did not have the passive reliability basic events included as the work to identify and quantify passive systems failures had not completed, see section 4.2.3.6 for discussion of passive system modelling. I therefore judge the SMR-160 results remain applicable to the SMR-300.
To conclude, the UK PSA sensitivity study has provided confidence that the L1 SMR-160 PSA can be used as a surrogate for the SMR-300 for the GDA Step 2 PSA assessment as the CDF for the L1 SMR-300 in all operating states is likely to be of the same order of magnitude as the CDF for the SMR-160, and have a similar risk profile. Therefore, I judge an assessment of the SMR-160 PSA was meaningful to come to a judgement of the adequacy of the RP’s PSA for GDA Step 2. This was not demonstrated for the L2 PSA; thus, I did not target or sample the L2 SMR-160 PSA model and documentation in my assessment.
Key technical elements of PSA
I have assessed the key technical elements and steps of developing a PSA, guided by the stated requirements in the PSA section within ONR’s Guidance to Requesting Parties for GDA (ref. [70]). For L1 PSA, this included the identification and grouping of initiating events (IEs), PSA data, system fault tree modelling (including modelling of passive safety systems, modelling of common cause failures (CCFs), human reliability analysis (HRA) in PSA, and event tree modelling. For these I assessed the RP’s methodologies as well as sampling the application of the methodologies in the SMR-160 PSA model and documentation. I assessed the L2 PSA methodology. I assessed the hazard methodologies, as well as the hazard screening output completed for the SMR‑160 and developed during GDA by Holtec Britain. 
[bookmark: _Ref207356654]Identification and grouping of internal initiating events 
ONR expectations on IE identification are informed by SAP FA.12 which states the PSA should cover all significant sources of radioactivity, all permitted operating states and all relevant initiating faults. Further guidance is provided in IAEA SSG-3 section 5 (ref. [44]). This includes consideration of whether
the list of IEs includes partial failures as well as total failures;
each IE is defined clearly, and the causes of each IE are identified;
full records of the IE identification process are available and are of suitable quality;
The initiating events modelled in the SMR-160 PSA (ref. [71]) are 
Reactor / Turbine trip (RT/TT) (this IE groups several IEs)
Loss of main feedwater (this IE groups loss of main feed and loss of condenser heat sink)
Small break LOCA
Medium break LOCA
Steam generator tube rupture (SGTR)
Reactor vessel rupture
Lower SG riser break (not applicable to SMR-300 design)
Upper SG riser break (not applicable to SMR-300 design)
The SMR-300 PSA will additionally model (ref. [72])
Large break LOCA
Loss of instrument control air
Loss of offsite power (LOOP) 
Given the stage of design and safety case development of the SMR-300 I do not expect a comprehensive set of IEs for the entire facility and all operating modes to be available. I do however expect a demonstration that adequate fault identification methodologies have been employed, and the list of IEs should be sufficient to form a judgement on the adequacy of the design, including the design of main safety systems.
The RP’s Initiating Events Analysis (ref. [73]) and L1 PSA methodology (ref. [74]) specify the approach is to
draw from established US nuclear industry standards and from other available PSAs. These IEs are reviewed for applicability to the SMR‑160 design;
review of individual systems in the SMR-300 design to establish whether failure could lead to a plant IE; and
perform an IE Review using a ‘Master Logic Diagram’ approach to identify potential plant-specific IEs which are not system related, but logic or functionality related.
Given the extensive global operating experience for PWRs, I judge the review based on operating experience (OPEX) from US NRC guidance and other available PSAs (references provided in ref. [74]) to be a reasonable starting point. 
The IE definition methodology does not require the list of possible IEs to also include consequential failures that could arise through failure to operate, partial failure to operate or inadvertent operation, and events of ‘very low frequency with potentially significant consequences’ in line with IAEA SSG-3 (ref. [44]). This is a gap to IAEA expectations and has been captured in RO-HOLTECSMR300-010 (ref. [75]). The RP has acknowledged this gap, and I am satisfied with its proposed resolution plan. 
For the more novel aspects of the design which may be potential sources of new IEs, (see SSG-3 §5.15, ref. [44]), I expect a systematic and adequately detailed fault identification technique (such as Hazard and Operability Study (HAZOP) or Failure Modes and Effects Analysis (FMEA)) to supplement the OPEX and engineering judgement approaches. The RP’s PSA methodologies, whilst prescribing a design specific ‘system by system’ evaluation, do not specify how detailed this evaluation is required to be. In my view, the RP’s stated methodology meets my expectations at the principle level, however due to the maturity of the fault analysis the application of this principle has not yet been systematically undertaken.
I sampled the application of the design specific aspects of the IE methodology in the SMR-160 initiating events analysis report (ref. [71]). Each system is briefly described, and the consequences of system failure are presented. Conclusions are given on whether system failure is already captured by an existing plant transient, or a new IE is required for the PSA. However, these conclusions were not supported by detailed Failure Modes and Effects Analysis (FMEA), Hazard and Operability Study (HAZOP), or Hazard Analysis (HAZAN), and the underlying causes of failures were generally not identified. The simplified approach risks overlooking important nuances. In my opinion, the RP has not demonstrated that the final list of postulated IEs for novel aspects of the design is complete, as required by SAP FA.12. This is important since the accuracy of risk estimates in PSA models depends heavily on the completeness of the IE list. If the PSA does not adequately cover all credible risks for the design, its usefulness is limited. I captured this shortfall in RO-HOLTECSMR300-010. I note an equivalent shortfall was recorded in RO-HOLTECSMR300-011 (ref. [76]) by the fault studies inspector. The RP have acknowledged the gaps and made a commitment (C_Faul_103) to complete the identification of IEs, within the full scope UK SMR-300 design. I judge the resolution plan appropriate and successful implementation should provide a credible path to closing the identified gaps. 
To expand on the paragraph above, some IEs can be postulated for the SMR-300 design but do not appear on the RP’s IE list, and it is not clear whether the potential IEs have been screened out, bounded by other IEs, or omitted: 
Partial failures were not systematically considered. For example, generation of a spurious ADS 1 signal, as a result of failure of one division within the PSS, would result in a LOCA, leaving only one PSS division to respond to the fault. This does not appear to have been considered as an IE, nor evidence provided why it does not need to be assessed.
There was insufficient evidence to establish whether the consequences of system failures or hazards have been sufficiently analysed. For example:
The structural integrity inspector has advised there is inadequate substantiation to conclude that failure of the AR due to brittle fracture is not a credible within design basis potential failure event. This is captured in structural integrity RO-HOLTECSMR300-006 (ref. [77]). In the PSA SMR-160 IE report (ref. [71]), failure of the AR is only acknowledged to result in water from the AR being introduced into the containment, however consequential damage of SSCs in containment or degradation of the ultimate heatsink are not discussed, only a tech spec shutdown requirement is noted. Internal hazards RO-HOLTECSMR300-007 (ref. [78]) further captured gaps in the assessment of hazard consequences of failure of the AR, which require associated consideration in PSA. The structural integrity and internal hazards inspector respectively judged the RP had developed adequate resolution plans to address the shortfalls.
Failure of the plant control system or spurious C&I faults are noted to likely result in a reactor trip and are grouped with the RT/TT transient IE. However, the anticipated plant response to spurious signals is not presented, although the impact of these could be different to the RT/TT transient IE currently quantified in the PSA. 
There are examples where there is insufficient justification in the documentation where faults have been screened out (for example, RCP seal LOCAs are screened out as the RP states the seal design is not susceptible to failure modes associated with historical RCP seal LOCA events, but does not qualify this with a justification associated with the SMR-300 RCP seal design).    
During GDA Step 2, to reflect the evolution of the SMR-160 into the SMR-300 design, additional IEs were included in the UK PSA sensitivity study (ref. [58]), see subsection 4.2.2. This was informed by the SMR-300 IE analysis report which became available during GDA as part of the SMR-300 PSA development (ref. [72]). I judge for a GDA Step 2 these additional IEs are a proportionate addition, notwithstanding the gaps in the approach used to identify the IEs identified for the SMR-160. 
It is common practice that, once all credible IEs have been identified, they are appropriately grouped to ensure the size of the PSA models remain manageable. This needs to be balanced against the requirement to maintain sufficiently granular risk insights. ONR’s expectations on grouping of IEs are given in SAP FA.13, which states “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”. Further guidance is available in Table A1-2.1 of TAG 30 on PSA (ref. [39]) and section 5 of IAEA SSG-3 (ref. [44]), which sets equivalent expectations that “the success criteria for the credited systems used for a specific group of IEs should be the most stringent criteria for all the individual events within the group”. This approach ensures there is no subsequent optimism carried forward in the development of the accident sequence, which would be the case for example, if claims were made on a system which had failed as part of one of the IEs included in a larger group which assumed the system’s availability.
The RP’s methodology for IE grouping (ref. [73]) uses similar wording: “events can be subsumed into a group and bounded by the worst-case impacts within the group”. With respect to calculating the IEF of each IE group, the RP’s method requires each of IEs within a group to be incorporated in the quantification. I assessed the grouping in the RP’s IE report (ref. [72]), also summarised in the GDA PSA review of the Preliminary Fault Schedule (PFS) (ref. [62]). I identified no issues relating to the quantification of the IEFs of the groups, however I found the RP’s interpretation of the requirements adopted the single “worst case” impact of the individual faults grouped as the bounding impact – not the cumulative impact of all the faults considered in the group. This became apparent as for example the RT/TT transient grouped multiple IEs (approx. 30) including loss of AC or DC power, failures of various support systems, and reactivity faults. This raises further concerns as the approach could have the result of generating coarse PSA risk insights. The RP confirmed in the response to RQ-01666 that my understanding of its grouping method was accurate, and acknowledged the approach may mask vulnerabilities and be optimistic. The RP stated that the current grouping approach is however not expected to significantly alter the magnitude of the CDF, as a large IEF is currently used for the RT/TT initiator. Individual initiators, if split out from RT/TT IE, would have IEFs much smaller than the current RT/TT IEF, and the consequences of the individual events are expected to have insignificant difference on plant response. I captured this shortfall in RO-HOLTECSMR300-010. The RP has acknowledged the gaps in relation to grouping of IEs and I judge the resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified.
SAP FA.3 sets expectations that there should be a clear relation between the fault sequences used in the DBA, and the fault sequence development of the PSA. Thus, alignment between the IEs presented in the future deterministic fault schedule and PSA is required. A fault schedule is not a US regulatory requirement and did not exist for the SMR-160 or 300. This shortfall is captured in RO-HOLTECSMR300-011. It is acknowledged the RP self-identified this gap, and during GDA Step 2, developed a deterministic PFS (ref. [79]). I note the PFS is not demonstrably complete, as the RP did not derive it from first principles considering the unique features of the SMR-300 design. I however consider it a valuable tool in developing an understanding of the faults and hazards associated with the design, and the associated safety features claimed to mitigate the risks. The RP has committed to developing a full deterministic fault schedule using established DBA techniques, and ensuring alignment between this IE list for use in both deterministic and probabilistic assessments (C_Faul_103).
During GDA Step 2, the RP’s PSA team reviewed (ref. [62]) an early revision of the PFS (ref. [80]) to establish whether any further IEs required consideration in the PSA. The review identified a number of IEs present in the PFS which were not considered in the SMR-160 PSA. I was given assurances on the low risk significance of these gaps in the response to RQ-01928. I judge as part of the GDA Step 2 process the RP made a reasonable and proportionate effort to ensure completeness of additional IEs due to the move to the SMR-300 design for the PSA based on the information available.
To conclude, I have captured potential regulatory shortfalls in the methodology for identification and grouping of IEs for PSA in RO-HOLTECSMR300-010. I note the fault studies RO-HOLTECSMR300-011 captures similar potential gaps in the identification and grouping of IEs for the deterministic safety case. I acknowledge the RP has made commitment C_PSA_123 which recognises and seeks to close the methodological gaps, and commitment C_Faul_103 seeks to complete the identification of all postulated IEs within the full scope of the UK SMR-300 design. The RP has provided a resolution plan for RO-HOLTECSMR300-010 to address the gaps identified and fulfil the actions specified. I judge the resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to IE identification and grouping.
[bookmark: _Ref208573370]Initiating event frequencies
ONR expectations for developing IEFs are informed by SAP FA.13 which states facility-specific data should be used as far as possible for the calculation of the frequencies and probabilities used in PSA.  However, where facility-specific data is not available, use of generic data may be acceptable provided its applicability is justified and the data sources selected are used in a consistent and systematic manner. Further guidance is available in Table A1-2.6 of TAG-30 on PSA (ref. [39]) and section 5 of IAEA SSG-3 (ref. [44]).
The RP’s approach to estimate the IE frequencies of faults modelled in the PSA is to primarily use generic IEFs based on industry OPEX from a variety of sources, for example from NRC compiled data (ref. [81]). I judge using appropriate nuclear industry data to inform IEFs is adequate for this stage of the design. The RP intends to refine the PSA throughout the detailed design, construction and commencing operation phases, integrating operational data once it becomes available. 
[bookmark: _Hlk206500855]I reviewed the orders of magnitude of the presented IEFs, and judge them to be justified except for the RPV rupture IEF. The RP stated in ref. [72] it only considers gross RPV failure to be credible as a consequence of overpressure sequences (which are explicitly modelled in the PSA), or due to pressurised thermal shock (PTS). The RPV rupture contribution due to PTS is presented as 5.1 x 10-10 per reactor year (pry), taken from section 4.4.2 of NUREG-1829 (ref. [82]). The RP ruled out random failures with leak before break (LBB) arguments, despite not yet having evaluated the SMR-300 pressure vessel using fracture mechanic techniques. I therefore judge this presents a gap in the quantification of the overall IEF for RPV failure. ONR TAG-16 (ref. [83]) explains the uncertainties and risks associated with LBB demonstrations. As a result, even though LBB arguments may be acceptable as a defence-in-depth argument, the ONR structural integrity inspector advised that ONR expects the primary thrust of the safety case to be based on demonstrating the structural integrity of the SSC with no claims being placed on LBB. §287 of the SAPs (ref. [27]) sets expectations that it is difficult to substantiate a claim of much less than about 1 x 10-7 pry for the gross failure of a reasonable sized pressure vessel. Whilst this is deterministic safety case guidance, the corresponding best estimate value for PSA still requires adequate justification and substantiation. I have captured this in the PSA methodology RO-HOLTECSMR-300-010. I acknowledge the RP self-identified this issue, and the GDA PSA sensitivity study (refs. [58], [59]) adopted an IEF for RPV rupture of 1 x 10-7 pry.
For the interfacing systems LOCA, plant specific leak scenario frequencies were derived via separate fault trees in ref. [84]. The resultant IEFs were so low (< 1 x 10-12 pry) they were not considered further in the main L1 PSA. Due to the low risk assessed by the RP, and multiple isolation valves need to fail for an interfacing systems LOCA IE to occur, I did not sample ref. [84] at this GDA step 2 stage.
To conclude, the majority of the IEFs presented by the RP are informed by nuclear industry data which is acceptable at this stage of maturity and meets expectations from SAP FA.13. The exception was the very low postulated IEF for RPV failure, and not supported by a substantive justification. I captured this specific gap in RO-HOLTECSMR300-010. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to justification of values used in the PSA.
PSA data 
PSA data includes IEFs, individual component failure probabilities, unavailabilities due to test and maintenance and CCF parameters. ONR expectations for data analysis are laid out in SAP FA.13 which notes best-estimate methods and data should be used as far as possible within the PSA. Further guidance is available in table A1-2.6 of TAG 30 on PSA (ref. [39]) and section 5 of IAEA SSG-3 (ref. [44]), and describes the preferred quality order of PSA data derivation to be (in descending quality): facility specific data, generic data, expert judgement data.
The RP presents its PSA data methodology (ref. [85]) which gives guidance on data assigned to component failures, the Bayesian updating process, and maintenance unavailability determination. Having assessed the data methodology, I judge it sets out an approach in line with section 5 of IAEA SSG-3 and FA.13. 
My assessment of the IEFs is presented in subsection 4.2.3.2. 
The RP has considered maintenance and testing in the PSA. I did not sample this.
The generic component reliability data used in the SMR-160 PSA is documented in ref. [86]. As the SMR-160 has no plant specific data, the RP collected data from several sources, primarily the US NRC component reliability database (ref. [87]), supplemented by data from the T-Book (ref. [88]) and IAEA TECDOC-478 (ref. [89]). I judge these are appropriate data sources and have been applied and documented adequately. The RP intends to update the generic data with plant specific operational data once it becomes available in line with international expectations.
The failure data used for the digital C&I platform of the PSS, its associated components and the software used in the SMR-160 was taken from a proprietary data report provided by the vendor. I sampled the PSS modelling in greater detail, my assessment of this is discussed in section 4.2.3.7.
I sampled the failure data assigned to selected SMR-160 plant specific components. 
The RP considered the failure rate of the PCMWT to be negligible. I judge the reasons presented are insufficient to preclude failure. IAEA SSG-3 (ref. [44]) states PSA models should consider failures of passive components such as tanks when operating within their design basis. 
The RP assigned a relatively low failure rate for leakage from the AR, stated to be based on expert judgement. I judge the order of magnitude of the assigned failure probability is likely justifiable, hence as a placeholder this is acceptable at GDA Step 2. Due to the novelty of the design the justification will however need to be enhanced as the detailed safety case and PSA are developed.
The failure probability assigned to the PSS software is discussed in subsection 4.2.3.7.
The probabilities established for failure of passive phenomena of the passive safety systems is discussed in subsection 4.2.3.6.
The RP sourced the data assigned to CCF parameters in the PSA from US NRC CCF parameter estimations (ref. [90]). I consider this to meet expectations from SAP FA.13.
To conclude:
Use of generic data for individual components, and parameters assigned to CCFs meet expectations from SAP FA.13 for this stage of the design. 
I captured the use of low failure rates / probabilities design assigned to plant specific components in the PSA model in RO-HOLTECSMR300-010, as there was insufficient justification provided for the values used. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to justification of values used in the PSA. 
System fault tree modelling (including CCFs)
ONR expectations for fault tree modelling are laid out in SAP FA.13 which notes the PSA should be detailed enough to capture dependencies and model all relevant failure modes of SSCs. Further guidance is available in table A1-2.4 of TAG 30 on PSA (ref. [39]) and section 5 of IAEA SSG-3 (ref. [44]). 
The RP’s methodology for SSC modelling is explained in the L1 PSA methodology (ref. [74]) and documented in a fault tree system notebook on a per system basis in accordance with the RP’s documentation standard (ref. [55]). I found the level of modelling detail and documentation thereof to be an area of good practice.
I sampled from these reports, and the accompanying UK PSA sensitivity study, to compare the RP’s approach to fault tree modelling against international standards and FA.13.
The SMR-160 fault trees are set up to be able to run standalone to allow reliability modelling of individual systems which can help inform the designers where reliability of systems could be improved. The RP has adopted a small event tree / large fault tree approach. This means human actions and support systems are included in the fault trees rather than having separate entries in the event trees. This approach meets regulatory expectations. 
SSG-3 sets expectations for the PSA basic event naming scheme to be clear and consistent throughout the models. The RP’s scheme meets this, and is set out in section 8.8 of ref. [91]. 
I note component unavailability due to maintenance and testing is incorporated in the PSA fault trees, which meets expectations set down in IAEA SSG-3. I did not sample this aspect of the modelling.
I targeted my fault tree assessment to consider novel aspects of the SMR-300 design, as well as risk significant systems. I did not sample the modelling of standard nuclear support systems. I therefore sampled the RP’s: 
Approach to CCF modelling throughout the fault trees, as experience has demonstrated that CCFs, although based on evidence are demonstrably rare, contribute significantly to the overall assessed risk NPPs
Passive safety system modelling
Modelling of frontline C&I safety systems
Common cause failures
The RP’s approach to modelling of CCF is described in a dedicated report (ref. [92]), as well as in the RP’s L1 methodology (ref. [74]). To model CCFs, the RP groups redundant components where dependencies are judged to exist, and subsequently assigns CCF parameters using the alpha factor model. The alpha factor parametric model meets UK regulatory expectations for CCF modelling set out in ONR-TAG-30 (ref. [39]), however I identified shortfalls in both the RP’s grouping methodology for CCFs and application thereof.  
I identified gaps in the methodology:
Physical separation of SSCs is stated to be a justification for not considering a CCF. However, physical separation does not fully exclude the potential for CCF, in particular if the components face similar or comparable environmental conditions. 
The RP states there is little potential for CCFs between systems due to operator maintenance and testing errors. This does not meet expectations, see section 5.88 of SSG-3 (ref. [44]).
I identified gaps in the application: 
Lack of consideration, or justification for exclusion, of intersystem CCFs. An example is discussed in section 4.2.3.6
Unjustified classification of C&I components as ‘passive’, resulting in no CCF consideration being given to multiple identical components within the C&I architecture. See discussion in section 4.2.3.7.
The RP has acknowledged the gaps relating to CCF methodologies, evidenced by raising internal technical challenge papers during the GDA process. I captured the above gaps in RO-HOLTECSMR300-010. I note the fault studies RO-HOLTECSMR300-011 similarly captures the potential gap in the treatment of CCFs for the deterministic safety case. I judge the identified shortfalls could potentially be masking significant risk, which once analysed may lead to CCF vulnerabilities being revealed. This may lead to design or other changes being required to address vulnerability to CCF and reduce risks ALARP. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to CCFs in the PSA.
[bookmark: _Ref207283057]Passive safety system modelling
The SMR-300 design incorporates a number of passive (or partially passive) systems, see section 3.1 for a description of the SMR-300 systems. This is encouraged by ONR, for example SAP §155 notes safety should be secured by passive safety measures that do not rely on control systems, active safety systems or human intervention. As for active systems, ONR expectations for passive fault tree modelling are laid out in SAP FA.13 which states the PSA should be detailed enough to capture dependencies and model all relevant failure modes of SSCs, which for passive systems aspects means identifying where phenomena which are necessary to initiate or maintain the passive system function may be ineffective, and lead to a failure of the passive function.
[bookmark: _Ref207280865]Internationally, there is limited agreement on the best method for assessing the reliability of passive safety systems in advanced nuclear reactors. IAEA-TECDOC-1752 (ref. [93]) summarises the findings of an IAEA coordinated research project on the topic. Their goal was to move towards a common, internationally accepted method, and the report discusses and compares various existing methodologies from different member states. EPRI have issued a specific and comprehensive analysis approach for such an assessment (ref. [94]), and offers a structured process to identify and assess risk significant scenarios that could challenge the design of passive safety systems. The EPRI approach is referenced as a relevant source of guidance in PSA TAG-30, and based on my high level review also aligns with IAEA SSG-3 (ref. [44]), which provides high level guidance on the steps required for a reliability assessment of passive systems. 
IAEA TECDOC-626 (ref. [95]) divides passive systems into four categories (A-D), with category A being the ‘most’ passive, containing no working fluids or moving mechanical components, to category D, characterised by active initiation and passive execution for their operation. Other than the PCH system which is category B (characterised by the existence of moving working fluids, but not needing external power sources for their actuation and no moving mechanical components or parts), the SMR-300 design’s passive safety systems are category D. 
[bookmark: _Ref213328994]The RP explicitly models active components in the PSA (for example failure of MOVs to open on demand). In addition, the RP quantifies failure of the passive aspect of the passive safety systems, due to for example the presence of non-condensable gases. As part of GDA Step 2, the RP provided a dedicated report (ref. [63]) presenting a literature review of available reliability assessment methodologies, describing the RP’s methodology used, and the outcome. At this stage, this thermal-hydraulic reliability estimation method is based on analytical methods only, as the test rig for providing validation data is not yet available. The RP has tailored the EPRI method for performing risk assessment for passive safety systems (ref. [94]) with the potential approaches described by the IAEA in ref. [93] to quantify the reliability of passive safety systems. The approach consists of a structured search process to identify risk significant scenarios that could challenge the design assumptions of the passive safety systems. The process then assesses these scenarios for their effects on the functionality of the passive safety systems. The likelihood of each scenario is then combined with the conditional failure probability of the passive safety system to determine the overall reliability of the system. The results of the analyses showed the contribution of passive phenomenological failures to the overall system failure probabilities were low when compared to electromechanical failures. 
The fault studies inspector assessed the RP’s codes (ref. [48]) which were the underpinning models used in analysing the passive safety system reliability and phenomenological failure mechanisms. Whilst validation of the codes is at an early stage, they concluded the RP has the requisite capability and is employing appropriate codes and methods such that it is likely the RP will be able to appropriately analyse the capability of the safety systems once the validation programme has concluded, and the modelling parameters and geometries have been appropriately set.
I judge the high level process steps described by the RP align with EPRI methodology. I did not however assess the detailed steps within the RP’s analysis, as this would not have been proportionate for a fundamental GDA Step 2 assessment. In my view, the RP has sufficiently met the principles of SAP FA.13 with regards to modelling of the risk contribution due to passive system failures, to conclude there are no fundamental shortfalls with the approach. However, significant work still remains to verify and validate the effectiveness of the passive safety systems post GDA. The RP has credible commitments in place for this. 
It is conceivable that a passive safety system could be unavailable to fulfil its safety duty due to being left in an incorrect state by the operator following commissioning, testing or maintenance. As further discussed in subsection 4.2.3.8, I identified a shortfall in the RP’s HRA modelling methodology with allows pre-initiator (type-A) human failure events (HFEs) to be screened out if the error could be identified during post-maintenance testing or subsequent operations. This approach implies recovery mechanisms are 100% effective, which is optimistic. I acknowledge that this optimism may be insignificant in a system with multiple trains for which this approach may be justifiable, however, the SMR-300 passive cooling systems are individually comprised of a single train design. Thus, the consequences of a single pre-initiator HFE to leave a component in an incorrect state could lead to unavailability of an entire passive safety related system if the human error is not found and corrected before operation. This is a shortfall against expectations in SAP FA.13, which I have captured in RO-HOLTECSMR300-010.
As noted in §131, the RP explicitly models failures of active components of the passive systems. I sampled the PSA modelling (ref. [58]) and documentation of the MOV modelling in the PSA fault tree notebook (ref. [96]). CCF of the redundant MOVs within a single passive safety system are considered, however CCF of MOVs of similar design and technology across the passive safety systems (referred to as intersystem CCFs) are not modelled, with no justification provided in the PSA documentation. The RP’s response to RQ-02091 provided sufficient justification for dismissing the CCF of MOVs for some of the system combinations. For some others, the RP dismissed the potential for CCF on the grounds of dissimilar maintenance practices, operational conditions (pressure, temperature of fluid; timing of operation; ambient conditions) and physical segregation. This does not fully exclude the potential for intersystem CCF and does not meet expectations set in IAEA SSG-3 (ref. [44]) section 5.88 and SAP FA.13, so further analysis will be required. I judge the consequences of such intersystem CCFs are potentially significant, and vulnerabilities in this respect require analysis to be understood. I have captured this shortfall in RO-HOLTECSMR300-010. I acknowledge the RP self-identified this issue as a design challenge during GDA step 2, and has provided a credible resolution plan and commitments in the PSR to address the shortfall.  
To conclude:
The RP’s approach to quantifying the risk contribution due to passive phenomenological failures likely aligns with international RGP described above, to be supplemented with a verification and validation programme post GDA.
I identified shortfalls in the RP’s approach to modelling of intersystem CCFs (or insufficient justification for their exclusion) of active components across the passive systems. 
I identified shortfalls in the RP’s HRA methodology related to screening out potential type-A HFEs. 
I captured the shortfalls in RO-HOLTECSMR300-010 as they did not meet expectations of SAP FA.13 for fault tree modelling. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to CCFs and HFEs in the PSA.
[bookmark: _Ref206489546]Modelling of Control & Instrumentation
C&I can be a significant source of risk in the design of a nuclear power plant. ONR expectations for fault tree modelling are laid out in SAP FA.13 which states the PSA should be detailed enough to capture dependencies and model all relevant failure modes of SSCs. Given the perceived significance of C&I, I sampled modelling of the PSS and DAS in the PSA.
The PSS is a digital C&I system which monitors plant conditions, and generates the signals to automatically actuate a reactor trip (RT) and initiation of engineered safety features (ESF) which provide a protective function to prevent safety limits from being exceeded. The DAS provides a diverse means of delivering the RT and ESF functions in the event the PSS fails to operate.
The PSA modelling of the PSS is detailed, and subcomponents down to sensor level feeding into voting logic are modelled. The PSS modelling is documented in the PSA System Notebook Report for the PSS (ref. [97]). I found the level of modelling detail and documentation thereof to be an area of good practice. System interfaces and dependencies are identified, for example the power supplies, and are appropriately linked in the model via transfer gates. The DAS is currently modelled as a single undeveloped basic event with a failure probability of 1 in the SMR-160 PSA model. This was updated to 1 x10-3 pfd in the GDA sensitivity PSA (ref. [58]) to balance the impact of reducing the software reliability claim to 1 x 10-4  pfd (see §142). 
The C&I inspector identified shortfalls against regulatory expectations on the diversity of the originally proposed DAS design and overall C&I architecture. These are discussed in the C&I GDA assessment report (ref. [50]) and in ROs RO-HOLTECSMR300-001 (ref. [98]) and 013 (ref. [99]). One of the issues identified by the C&I inspector was the use shared components between the PSS and the proposed DAS, resulting in a lack of diversity between the systems due to the potential for CCF across the common components. Due to current simplistic modelling of the DAS, the PSA was not sufficiently mature to highlight this dependency. As the DAS design is currently still in development, I judge the immaturity of the modelling is however acceptable for GDA Step 2.
The proprietary failure data report for the PSS was not available to ONR as it was in the process of being updated. I was therefore not able to assess the substantiation for the failure probabilities quoted in the RP’s data report (ref. [86]) for the PSS components. Whilst all PSA data will require adequate substantiation and analysis, the overall software reliability figure applied will likely bound and dominate the PSS system reliability.
[bookmark: _Ref207885175]The failure probability of the PSS software is modelled in the SMR-160 PSA at better than 1 x10-7 pfd. ONR TAG 46 (ref. [41]) sets expectations that a probability of 1 x10-4 pfd is considered to be the best that can justifiably be claimed for complex computerised systems. I caution this is a high-confidence value, which is not intended to be best-estimate for application in PSA. ONR TAG-30 (ref. [39]) gives guidance on PSA modelling of C&I software. In a PSA supporting the design of a new NPP, where outputs may be used in establishing design rules or system requirements (which should be set on a conservative basis). I judge this to mean that a high confidence value for software reliability should be adopted during the design process. In an operational PSA (e.g. to support a risk monitor) software should however 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. 
I recognise the RP has self-identified the challenge of claiming and justifying very low failure probabilities for complex software in PSA. For the UK PSA sensitivity study, the RP updated the PSS software reliability to 1 x 10-4 pfd. However, this alone does not resolve the issue identified, hence I captured it in RO-HOLTECSMR300-010. I am satisfied the RP has committed to fully justifying all data used in the PSA post GDA step 2, and have provided a credible resolution plan.
The RP’s CCF methodology (ref. [92]) describes the criteria for selecting components to be included in a common cause component group (CCCG). The text states “When identical, functionally non-diverse, and active components provide redundancy, these components should be assigned to a CCCG.” And “passive component failure events are frequently assumed negligible in system analysis.” At a principle level, this screening criteria meets expectations set out in ONR TAG-30 (ref. [39]) table A1-2.6.4 on CCFs. 
I identified a shortfall with potentially risk significant implications in the RP’s application of its CCF methodology in my sample of the PSS fault tree notebook (ref. [97]). It classifies some PSS components as passive, with no justification, which have consequently been excluded from CCF analysis. Such excluded components include power supplies, power interface modules (PIMs), CPU modules, and optical switches. Given available OPEX of failures of such components, I consider they should be treated as ‘active’, and thus warrant CCF consideration. I judge the RP’s approach could result in a potentially significant PSA risk gap, as for example, the PIMs share a common design across the redundant components within and across the passive safety systems. They are required for successful actuation of the passive safety systems, including depressurizing the primary circuit, injection and recirculation of cooling water, and initiation of PDH and SDH. A CCF across all the PIMs (or a partial CCF across key PIMs) could therefore carry significant risk consequences. The potential risk impact is further exacerbated in the current design of the C&I architecture in which a number of key PSS subcomponents are shared between the PSS and the DAS, challenging the diversity and independence between the two systems, with a potential CCF being even more far reaching. Due to the current simplistic modelling of the DAS, there is however no dependency modelled in the PSA reflecting the risk due shared components between the PSS and the DAS. 
To explore this shortfall, I raised regulatory queries to explore the RP’s justification for the treatment of selected components as passive, and to understand the potential risk increase due to the use of shared components in combination with the missing CCF consideration. In response to RQ-01682, the RP acknowledged the identified PSS subcomponents should be treated as ‘active’. In response to RQ-02129, the RP shared the result of sensitivity study which estimated the overall CDF could increase approximately sixfold compared to the UK PSA sensitivity study results. It is therefore my view that the current modelling presents a potentially significant optimism, and I captured the issues in RO-HOLTECSMR300-010.
To conclude, I have identified shortfalls in three aspects of the C&I modelling:
Unjustified failure probabilities representing software reliability 
Incorrect designation of potentially risk significant components as passive, resulting in missing consideration of CCF vulnerabilities in the design
Undeveloped modelling of the DAS resulting in missing dependencies due to shared components with the PSS not being revealed – this is however reasonable for this stage of the design.
The RP has acknowledged the issues identified above, and in the C&I inspector’s assessment report. In response to C&I RO-HOLTECSMR300-001 and 013, the RP has committed to a redesign of the DAS, and to conduct optioneering to conclude on the future design of the C&I architecture to reduce risks ALARP. I captured the shortfalls identified in relation to the C&I fault tree modelling in the PSA methodologies RO-HOLTECSMR300-010. I note the fault studies RO-HOLTECSMR300-011 similarly captures potential shortfalls regarding the lack of independence between the lines of protection due to shared components. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to C&I modelling in the PSA.
[bookmark: _Ref207276441]Human reliability analysis
ONR expectations for HRA are set out in SAP FA.13, which notes PSA should include contributions to risk from pre-initiator human errors (type-A), human errors leading to IEs (type-B) and post-IE human errors (type-C). All human actions and administrative controls necessary for safety should be systematically identified (SAP EHF.3) so their contribution to risk can be subsequently analysed (SAP EHF.10, EHF.5) and modelled, allowing a demonstration that risks have been reduced ALARP. Further guidance is available in table A1-2.5 of TAG 30 on PSA (ref. [39]), TAG 63 on HRA (ref. [40]), and section 5 of IAEA SSG-3 (ref. [44]). 
The RP considers the three types of HFE in its HRA methodology (ref. [100]). The modelling of operator actions is reported in the SMR-160 PSA Human Reliability Analysis Report (ref. [101]).
The RP applies a screening methodology based on ASEP for pre-initiator HFEs. I have identified shortfalls in the RP’s methodology to identify and screen Type-A HFEs compared with the expectations laid out above. The RP’s PSA modelling ‘ground rules’ document (ref. [91]) states pre-initiating event HFEs can be excluded from analysis, if the error could be identified during post-maintenance testing or subsequent operations. I sampled the SDH PSA system notebook (ref. [96]) and found this ground rule had been applied, and the potential for the manual isolation valves of the heat exchanger being inadvertently left closed following maintenance, had been dismissed. I judge the methodology, and application thereof, provides insufficient justification for screening out potential HFEs and is therefore a shortfall against SAP EHF.10. 
Screening out both the initial HFE and the mechanisms via which the error is revealed / recovered, implies recovery mechanisms are 100% effective. This is optimistic. In the SMR-300 design, the consequences of individual pre-IE HFEs coupled with failure to recover the incorrect plant state could lead to unavailability of an entire passive safety system. The risk significance of these omissions may be low, however this has not been demonstrated, in particular considering the reliance on passive systems gives little opportunity for operator intervention or recovery in the SMR-300 design. By screening them out it does not allow the human contribution to safety to be captured. 
At GDA Step 2 I expect potential type-A HFEs to be formally recorded along with their reason for dismissal, and if not explicitly modelled, captured in a consolidated list, so assumptions can be built into the evolving design and subject to ongoing validation, verification and incorporation into future operational documents. I captured this shortfall in RO-HOLTECSMR300-010, after engagement with the RP on the topic in RQ-01685 and RQ-02092 and consultation with the ONR HF inspector who has raised similar regulatory concerns in their assessment report (ref. [49]). The RP recognised the concerns in relation to human error identification and raised commitment C_Huma_003 to develop a strategy for the alignment of Holtec HRA process with UK RGP, post GDA Step 2, see Part B Chapter 17 (ref. [12]) for details. The HF inspector and I, given the current maturity of the SMR-300 design and safety assessment, considered that fulfilling GDA commitment C_Huma_003, if implemented appropriately, should address the regulatory concerns raised in this assessment. RO-HOLTECSMR300-011 (Fault Analysis Maturity) also bounds this shortfall. I am content with the resolution plan to both the ROs, so I am content that there is a suitable path to resolution. 
In the HRA report (ref. [101]), the RP has considered and calculated HEPs for pre-initiator HFEs where recovery actions had not been identified. I have not assessed these evaluations in detail; however, the values appear to be achievable on the reasonable assumption that adequate procedures and training will be in place.     
The RP has not explicitly identified HFEs that could lead or contribute to an IE modelled in the SMR-160 PSA (type-B). The RP uses industry data, for example from US NRC compiled data sources (ref. [81]), for the quantification of IE frequencies, which inherently includes a contribution due to human error. This satisfies my expectations at Step 2 that the PSA risk profile implicitly includes relevant contributors to IEs due to human error. I however note the RP’s current methodology is not sufficiently explicit in its requirements that these should be analysed. This shortfall will not be tracked, future project stages will be subject to appropriate regulatory assessment. I note that the RP has committed to incorporating HRA throughout PSA in commitment C_Faul_103. Based on this commitment I judge there is a credible path for the maturity of the HRA, including the identification and analysis of type B human actions to meet regulatory expectations.
A stated objective of the SMR-300 is the ability to mitigate design-based accidents with no operator actions (ref. [1]). The RP considers a small number of type-C human errors explicitly in the L1 at power fault trees, however all these actions are currently assigned a failure probability of 1, i.e. are assumed to fail. The actions modelled are for the main control room operator to respond following PSS failure. This is a conservative position. I note that comprehensive fault analysis in accordance with UK expectations has not yet been completed, so future claims on the operator may be identified, which would need evaluation using the RP’s stated methodology for type-C actions (SPAR-H). 
A small number of type-C HFEs are modelled in the LPSD PSA due to reduced automation in shutdown states, the RP assessed these using the SPAR-H methodology. The RP notes that operational procedures do not yet exist, yet incorporated consideration of positive performance shaping factors (PSFs) up to a multiplier of 0.01 when quantifying the HEPs. The ONR HF inspector judged the approach of including positive PSFs of better than 0.1 to be inappropriate, due to unavailability of information at this stage of the design. Results of the LPSD PSA show sequences involving operator failures are risk significant, which would be exaggerated without the positive PSFs. This highlights the importance of future validation of the HEPs as the design matures, which will also need to include analysis of direct and indirect dependencies between multiple HFEs within an accident sequence. I judge whilst the RP’s approach diverges from regulatory expectations, it does not represent a fundamental shortfall. The RP’s arrangements require operational procedures to be considered in the HRA as they are developed, and a commitment is in place (C_Faul_103) to incorporate HRA in PSA. Hence this shortfall will not be tracked, future project stages will be subject to appropriate regulatory assessment.
To conclude, I judge the initial HRA demonstrates the SMR-160 at power PSA is not sensitive to human reliability. I have identified shortfalls in the RP’s methodology for identification of type-A HFEs, as failure to recover could be risk significant if not incorporated into the evolving operational procedures. I captured this in RO-HOLTECSMR300-010. I identified further minor shortfalls against regulatory expectation for a full scope PSA regarding the granular identification and modelling of Type B HFEs, and use of PSFs when quantifying type-C operator actions in the LPSD PSA. The RP has made forward commitments for HRA and PSA development. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to HRA modelling in the PSA.
Event tree modelling
ONR expectations for event tree modelling are laid out in SAP FA.13 which states the PSA model should provide an adequate representation of the facility and/or site, and FA.3 which states transient analysis or other analyses should be carried out as appropriate to provide adequate understanding of the behaviour of the facility under fault conditions. Table A1-2.3 of TAG 30 on PSA (ref. [39]) and section 5 of IAEA SSG-3 (ref. [44]) provide further guidance on event tree modelling. 
The RP’s methodology for event sequence modelling is presented within the RP’s L1 PSA methodology (ref. [74]) and detailed further in the RP’s accident sequence analysis and success criteria report (ref. [102]). The resultant SMR-160 success criteria analysis is documented in ref. [103], and the accident sequence analysis in ref. [104]. I assessed these methodologies and reports, in conjunction with the SMR-160 PSA model (ref. [69]). 
Determining success criteria for PSA is an important step after deciding on the list of IEs to be analysed in the PSA. The main objective of success criteria formulation is to determine for a given IE what represents a successful or unsuccessful plant response, and to translate this information into detailed PSA modelling choices. Front-line systems are studied to understand which can provide mitigating functions for an IE and the minimum requirements for fulfilling those functions, for example which system combinations are required to fulfil its safety mission after an IE has occurred. 
Ref. [103] explains that the success criteria analysis is based on iterative RELAP5-3D computer code runs, documented in one dedicated RELAP report per IE. I did not assess the underlying RELAP analysis. The fault studies inspector assessed the performance analysis and validation of codes, and judged that the codes used were appropriate (ref. [48]). Ref. [103] clearly explains the success combinations for each node in the event tree, and I was able to confirm the SMR-160 PSA model matched the stated requirements for the nodes I sampled.
The RP’s documentation of the accident sequence analysis (ref. [104]) describes the event tree development in coordination with success criteria analysis. Event trees start from the IE considered, and describe the various possible sequences of success or failures of safety systems designed to stop the accident or mitigate its consequences. Thus, they give the picture of the progression of failures that can lead to core damage, and are one of the primary building blocks for a PSA. I judge that the RP’s documentation is adequate.
[bookmark: _Ref206687096]Following an IE, the event trees consider reactivity control, decay heat removal, primary side pressure control, primary side inventory control, and long term heat removal safety functions. The event tree accident sequences terminate in an end state, of which there is a single non-core damage end state (OK), and a single core damage end state (CD). Within an event tree, there are accident progression paths that transfer to other event trees to complete the accident sequences where required. For example, scenarios that involve failure of pressure relief valves to re-close after opening in response to a small LOCA (SLOCA), transfer to the medium LOCA event tree. 
The consequences assigned to fault sequences in the PSA are key to identifying whether the numerical targets are met. The RP states it has adopted the NRC endorsed definition of core damage: "uncovery and heat-up of the reactor core to the point at which prolonged oxidation and severe fuel damage are anticipated and involving enough of the core, if released, to result in off-site public health effects.” The RP uses the parameter of peak cladding temperature exceeding 1204.4 °C (2200 °F) as a surrogate criterion for core damage.
[bookmark: _Ref215653313]The RP’s L1 methodology does not require consideration of localised or partial fuel damage which could lead to a radiological release. Such partial fuel damage could result as a consequence of, for example, reactivity faults or transients in which the shutdown rods fail to enter the core. In response to RQ-02020, the RP stated that no analysis had yet been conducted to evaluate localised fuel damage scenarios, and raised a commitment (C_Faul_103) to extend the scope of PSA to L3 post GDA which necessitates evaluation of localised fuel damage scenarios in addition to the already assessed severe core damage. The RP’s approach of the L1 PSA modelling to only consider severe core damage is acceptable at this stage of maturity, but further information will need to be developed by the RP to enable subsequent refinement of Level 2, and development of L3 PSA to assess releases in all dose bands, and for comparison against the numerical targets. I have therefore captured this gap in RO-HOLTECSMR300-010.
[bookmark: _Ref208832730]I sampled SLOCA accident sequences resulting in CD, as they are the most risk significant fault group according to the PSA results, contributing of the order of two thirds of the estimated SMR-160 CD frequency. SAP §749 states the risks from the facility should be balanced; that is, no single class of accident should make a disproportionate contribution to the overall risk, thus I sought to understand the reason for this unbalanced contribution to risk. Inspection of the SLOCA event tree shows that only a single means of initiating long term decay heat removal is modelled, which is provided by passive heat rejection from the core to the AR through the containment wall. Once natural circulation is initiated, there are no components of the PCH system modelled that are subject to failure. However, failure to set up long term heat removal, due to for example combinations of valves failing to open due to CCF, results in core damage.  I therefore judge that the PSA results have revealed a pinch point in the design which the RP needs to consider in future design iterations. I acknowledge that in the results discussion the RP states that as the design matures, it will consider risk reducing measures, such as provision of a diverse means of opening valves, and crediting operators to respond to accident sequences, by for example, starting non safety related systems. At this stage of the design, I judge the PSA is being adequately used to identify risk significant sequences, and in this regard, expectations are met for using the PSA to identify significant contributors to risk.
IAEA SSG-3 states in §5.42 “The end states of the accident sequence models will correspond either to a safe stable state, where all necessary safety functions have been fulfilled, or to a core damage state.” In the SAPs, a “safe, stable state” is defined as “The state of the facility once stabilisation of any transient or fault has been achieved, i.e. the facility is subcritical, adequate heat removal is ensured and continuing radioactive releases are limited”. As part of my assessment of the event tree modelling, I observed the RP has not modelled all non-core damage sequences to the point of reaching a full shutdown, subcritical state. To elaborate:
The primary means of shutdown for the SMR-300 design is lowering of the control rods into the reactor. Failure of this is commonly referred to as an ‘Anticipated Transient Without SCRAM’ (ATWS) event. The RP claims that in an ATWS sequence, the inherent moderator reactivity temperature coefficient feedback characteristics would significantly reduce reactor power, which would eventually equalise the reactor power to match the heat removal capacity of the passive heat removal systems. The reactor is then stated to remain at a steady low power until a timer triggers the ADS to depressurise the primary circuit to allow the safety injection of borated water which would shutdown the reactor. This secondary means of shutdown is not modelled in the RT/TT event tree I sampled, here all ATWS sequences end in a success state, providing cooling and pressure relief are successful. The RP has provided insufficient justification that such end points meet the definition of a safe, stable state as per expectations set by SSG-3 and FA.13, and therefore presents a shortfall to expectations. These sequences also do not consider the potential for radiological releases from partial fuel failures as a result of the transient, see §166 for discussion of this shortfall. 
I note the fault studies inspector identified potential shortfalls regarding provision of a secondary means of reactor shutdown in RO-HOLTECSMR300-002 (ref. [105]). I consider this adequately captures my associated concerns on definition of the safe, stable end state of some ATWS sequences, and therefore I did not raise a PSA specific shortfall. The fault studies inspector was satisfied with the RP’s proposed resolution plan. The RP has committed to demonstrating the effectiveness of the secondary means of shutdown using appropriate fault analysis methodologies, and that risks have been reduced ALARP, informed by progression of commitment C_Faul_103. 
To conclude:
The RP’s approach to development and documentation of success criteria within accident sequence analysis when considering serious core damage consequences meets expectations from SAP FA.13
The RP’s methodology does not require identification and consideration of localised or partial core damage sequences which does not meet expectations from SAP FA.13. I captured this in RP-HOLTECSMR300-010. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in relation to partial core damage consequences in the PSA. 
Low power and shutdown PSA
ONR expectations for the scope and extent of PSA are outlined in SAP FA.12 which states the PSA should cover all significant sources of radioactivity, all permitted operating states and all relevant initiating faults, which includes consideration of initiating faults at low power and shutdown states. More detailed expectations for LPSD PSA evaluation are given in table A1-2.8 of TAG 30 (ref. [39]), and further guidance is provided in IAEA SSG-3 section 9 (ref. [44]).
The SMR-160 LPSD PSA methodology and evaluation are described in ref. [106]. I did not assess the LPSD PSA to the same level of detail as the L1 internal events PSA, as many process steps are duplicated, and they share significant modelling. My regulatory judgements made on the L1 at power PSA also apply to the LPSD PSA.
In contrast to power operation, in shutdown states the operating configuration of the plant and conditions at the plant change significantly, therefore the upfront specification of anticipated Plant Operational States (POS) is important. The RP’s approach is to initially define plant specific Refuelling Outage Milestones: Startup (2), Hot Standby (3), Safe Shutdown (4), Cold Shutdown (5), and Refuelling (6), and further group these into POSs based on similar conditions and system availability. The RP notes these are preliminary and based on expert judgement as dedicated procedures and specifications are not yet available. The RP has processes in place to track assumptions. I judge the justification provided for the preliminary grouping is adequate.
The RP has excluded the POS representing fuel offloading and reloading activities, and the POS in which all fuel is in the SFP, from quantification in the PSA. My experience from other PWR PSAs is that fuel movement activities, even though short in duration, have the potential to carry high ‘per hour’ risk, thus the sensitivity to faults occurring in such states should be adequately analysed. This is important for a future operational PSA employing a risk monitor. The agreed GDA step 2 PSA assessment scope does not include fuel route movements, nor risks arising from the SFP, hence this is not captured as a shortfall. Commitment C_Faul_103 is in place to develop a full scope PSA. I judge delivery of the associated plan provides a credible path to development of a PSA which meets regulatory expectations. 
I assessed modelling of HRA in LPSD states in subsection 4.2.3.8.
I found the documentation of the LPSD PSA to be adequate. Risk significant sequences are well described, and include sufficient detail to feed into safety case considerations to support an ALARP decision making process. The discussion of assumptions and uncertainties in particular are a strength. The LPSD PSA results are lower but comparable in magnitude to the L1 at power PSA results. Overall, I found the LPSD conclusions to be logical and thorough.
To conclude, the current LPSD PSA provides an adequate basis for future development which is required to reflect design iteration and to address equivalent gaps captured for the at-power PSA. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified for the L1 at power PSA which also apply to the LPSD PSA.
Level 2 PSA
ONR expectations for L2 PSA analysis are set out in table A1-3 of TAG 30 (ref. [39]) and in IAEA SSG-4 (ref. [45]), and are informed by SAPs FA.15 and FA.16 which set out the expectations that fault states, scenarios and sequences beyond the design basis which have the potential to lead to a severe accident should be analysed, and the output used in the consideration of further risk-reducing measures. 
As discussed in subsection 4.2.2, the RP communicated in the response to RQ-02294 that the L2 PSA was more sensitive to the design changes between the SMR-160 and SMR-300, thus I judged it was not meaningful to evaluate the specific modelling of accident sequences or results of the SMR-160 L2 PSA. The RP has raised a commitment to capture the requirement for further design specific PSA development work (C_Faul_103). Further, the deterministic SAA is an important input to developing a design specific L2 PSA, and the ONR SAA inspector noted a lack of maturity in the SAA topic area. Due to these factors, I focussed only on a review of the SMR-160 L2 PSA methodology, supported by a TSC (ref. [51]).
I note that with regards to the related deterministic SAA, the RP stated (ref. [107]) that the planned approach to practical elimination is to demonstrate that the large release frequency is <10-7 pry using the Level 2 PSA. In the severe accident analysis inspector’s view (ref. [48]), this does not meet the expectations set out in SSG-88 (ref. [108]), which states the demonstration of practical elimination cannot be approached only by probabilistic means, and that meeting a probabilistic target alone is not a justification to exclude further deterministic and engineering analyses and possible implementation of additional reasonably practicable safety provisions to reduce the risk. 
Overall, I found the RP’s L2 methodology (ref. [109]) considered most of the internationally recognised requirements and steps of a L2 PSA. The review of the high level steps against the requirements defined in table A1-3 of TAG 30 (ref. [39]) for L2 PSA is documented in my TSC’s review report (ref. [51]).
In several instances I found the descriptions to be high level and generic, lacking discussion of design specific considerations, for example with relation to:
Relevant severe accident phenomena 
Relevant severe accident measures (for prevention / mitigation) to be considered 
The binning process (mapping of accident sequences to the relevant plant damage states) 
Identification of all potential release paths to aid evaluation of the source term (for example there is no details of the identification of releases at ground level, at top of the roofs, stack release, containment leakage, release into other buildings, release through air ventilation systems)
Vague use of terms, for example ‘containment mitigating systems’ where it is unclear whether these are dedicated systems or SAMGs
Anticipated deterministic severe accident sequences 
The parameters that influence fission product release, retention and transport through each of the major barriers to the environment are not identified explicitly, neither are the attributes that define the characteristics of the radiological releases and potential off-site consequences. The RP’s methodology does not provide a full source term characteristic for each plant damage state, which will be required to perform a future L3 PSA. Only the release fraction for CsI is calculated. I judge this is acceptable at the current stage of the design maturity, but full source term evaluation analysis will be required for development for a full scope PSA.
The RP’s L2 methodology does not require analysis of the timing of releases to quantify the Large Early Release Frequency (LERF). Only the Large Release Frequency (LRF) and Small Release Frequency (SRF) are quantified. In response to RQ-02227, the RP stated the LRF included the LERF, and by demonstrating compliance with the more stringent US regulatory acceptance criterion for LRF, the design meets the LERF safety objective as well. In IAEA and UK guidance, the qualitative risk insights are also important, as the timing of the release impacts on the ability to deploy countermeasures, evacuations, and therefore impacts the analysis of societal risk in a later L3 PSA. Therefore, explicitly identifying the timing of release sequences is important.
One of the criteria the L2 methodology considered to reflect a success end state is “The debris has adequate area to spread in the reactor cavity and is covered with water.” However, this could result in a continuous evaporation of water and an increase of containment pressure, raising the potential for further accident progression. Hence, the RP has not provided sufficient justification why this constitutes an ‘OK’ non-release end state.
To conclude, the L2 methodology needs to be expanded to provide further information for the aspects identified above. Further, the L2 PSA should consider the timing of releases and provide a full source term for subsequent development of a L3 PSA. I captured this in RO-HOLTECSMR300-010. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified for the L2 PSA methodology.
Hazard PSA methodologies
ONR expectations for PSA hazards analysis during GDA are set out in table A1-2.7 of TAG 30 (ref. [39]) and section 6 of IAEA SSG-3 (ref. [44]). It is expected that hazards analysis is undertaken for all hazards relevant to the design. ONR’s guidance to requesting parties (ref. [70]) also notes: 
“That the RP’s submission should include a fully documented full scope PSA, including internal and external hazards” 
“It is considered RGP that fully documented PSAs (in line with the PSA TAG) are provided for internal fire and flood, seismic and external flood with a level of detail in line with the level of development of the generic design” 
The SMR-300 hazard PSA models were not available for assessment for GDA Step 2. Whilst these had been developed for the SMR-160 (fire, internal flood, external flood, seismic, wind), the RP judged the results and risk insights were not transferable to the SMR-300 design due to significant changes in the control and reactor building configuration. The RP has made a commitment (C_Faul_103) to extend the scope of the PSA to assess the SMR-300 design to include all potential IEs including hazards to consider all sources of radionuclide release and operations (such as the SFP). 
I assessed the output of the hazard screening completed for the SMR-160, and resultant list of internal and external hazard IEs for consideration in hazard PSAs, summarised in the SMR-300 internal and external hazards screening review produced for GDA Step 2 (ref. [61]). My expectations for identification and screening of hazards are informed by SAP FA.12, which states the PSA should cover all relevant initiating faults, and the identification should consider the potential for combinations of hazards, defined in IAEA SSG-64 (ref. [46]) as consequential (subsequent) events, correlated events and unrelated (independent) events. I identified shortfalls related to the identification and screening of hazards:
Hazard combinations are not considered. For example, the potential for fire to cause explosions, including high energy arcing faults is not conceded. Whilst I do not expect the full hazard combination analysis to have been completed for GDA Step 2, a generally applicable methodology should be in place. 
The RP’s approach to PSA hazard screening dismissed hazards which I judge, informed by IAEA hazard guidance, to warrant consideration. ONR recognises the need for hazards screening, so that the list of scenarios developed represents a credible yet manageable set of plant challenges, however the justification for dismissal of some hazards was not provided. 
I acknowledge the RP self-identified similar gaps (ref. [61]), stating that hazard combinations have not been explicitly considered at this stage. The RP further self-identified a number of hazards in need of ‘rescreening’. I captured the shortfall in relation to the identification and screening of hazards, and credible hazard combinations in RO-HOLTECSMR300-010. In the resolution plan the RP acknowledged the gaps and committed to updating the methodologies to meet regulatory expectations. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in the hazard PSA methodologies. 
I, supported by a TSC (ref. [51]), reviewed the methodologies for the SMR-160 hazards PSA evaluations which the RP has stated will form the starting point for the SMR-300 methodologies. This included fire, internal flooding, external flooding, seismic and high winds (refs. [110] [111] [112] [113] [114]). 
The general approach for treatment of hazards considered with the GDA Step 2 (fire, internal & external flood, seismic, high wind) has largely been explained clearly, and at high level meet ONR and IAEA expectations and are based on US guidance including US Nuclear Regulatory Commission Regulations (NUREGs) and Regulatory Guides (RG) which are widely adopted in the nuclear industry. The RP’s approach is split into a series of discrete high level tasks. The review of the high level tasks against the requirements defined in table A1-2.7 of TAG 30 (ref. [39]) for general hazard PSA, fire, internal flooding and seismic is documented in my TSC’s review report (ref. [51]). I did not identify any potentially significant shortfalls from the output of this review, but note a number of observations to be considered by the RP as the detailed design and hazards PSA modelling develops.
I observed that the RP’s methodologies were generic in nature and would benefit from giving guidance on how to adapt the analysis to the specifics of the RP’s design, and how to adapt to the site specific aspects of the respective hazards. In several instances I found the methodologies lacked detail on how to perform the steps required, which the RP explained was documented in the detailed SMR-160 hazard PSA documentation rather than being specified in the methodology. I was not able to come to a judgement on the adequacy of the detailed steps, as the SMR-160 hazard PSAs and documentation were not in the scope of my GDA assessment. I concluded that as the RP claims all relevant detail is presented elsewhere, the fact that it is not included in the methodologies, whilst desirable, is a not a significant shortfall, and will hence not be tracked. For example:
The internal flooding PSA methodology does not describe the methods involved in determining the flood-induced initiating events, only that the frequencies would be based on generic industry data. I expected a short description to be given in line with the criteria given in SSG-3, §7.74, which include identifying the possible sources of flooding, the flooding mechanisms, characteristics of the flood such as capacity or flow rate, flooding mitigation measures, and critical flood heights. 
The fire PSA methodology specifies a requirement for inter-compartment analyses and fire propagation analysis. It is however not clear how the propagation analyses should be performed.
I observed that the hazard methodologies do not provide details on how to analyse the impact of hazards in LPSD states. Particularly the differing impact on human performance and availability of systems should be stated, as this is important when modelling mitigation measures.
I note that for the external hazards, US hazard magnitudes and frequencies were used as input data. This is reasonable given the origin of the design. The external hazards inspector concluded (ref. [115]) the RP has provided evidence of margin between the generic site envelope values and GDA reference design parameters for most external hazards. Where margin cannot be demonstrated, the RP committed to forward actions intended to close the gap, which met the expectations of external hazards inspector.  The RP has further committed to developing UK site specific hazard IEs for modelling in the PSA (C_Faul_103). 
The internal fire and flooding PSA methods were also considered by the ONR internal hazards inspector (ref. [116]No source specified.) as the PSA and deterministic methods share common discrete tasks. They were satisfied the fundamental aspects of the RP’s methodology met expectations, but noted overall the analysis utilising US guidance does not fully meet UK regulatory expectations for deterministic analysis in all cases.   
To conclude, the individual hazard methodologies are adequate. I made observations (detailed above) which I judged not to be significant shortfalls and will therefore not be tracked. However, the methodologies would benefit from being updated to include more detail for future development. I identified shortfalls in relation to the identification and screening of hazards, and credible hazard combinations, which are captured in RO-HOLTECSMR300-010. I note the fault studies RO-HOLTECSMR300-011 similarly captures a potential gap in the deterministic treatment of coincident faults and hazards. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in the hazard PSA methodologies. 
Conclusion of the assessment of key technical elements of PSA
I have assessed the key technical elements and steps of the RP’s PSA by reviewing the RP’s methodologies as well as sampling the application of the methodologies in the SMR-160 PSA model and documentation. I identified a number of methodological shortfalls as detailed in the subsections above and captured in RO-HOLTECSMR300-010. If these shortfalls are not resolved, they have the potential to challenge the adequacy of the PSA analysis of the SMR-300 design and safety case for a UK deployment. The RO thus set an action to review and update the PSA methodologies to address the identified shortfalls. Further actions were set to determine the scope of work required to modify the PSA model and documentation, as a result of PSA methodology updates; and to provide a PSA strategy and plan with suitable project milestones to implement the necessary tasks.
In the resolution plan, the RP committed to a comprehensive PSA methodology gap analysis across all relevant aspects of the SMR-300 PSA. The output of this work would be used to identify the necessary document updates to develop a comprehensive set of PSA methodologies and procedures consistent with UK expectations. The RP further committed to producing a dedicated PSA strategy and implementation plan. 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. The RP committed to ensuring interfaces with other safety analysis and design topics are considered as part of the plan development.
I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the gaps identified in the PSA methodologies.
PSA results, interpretation and use
ONR expectations for the quantification of PSA are informed by SAP FA.13, and use of PSA results are discussed in SAP FA.10 and FA.14. The PSA should enable a judgement to be made of the acceptability of the overall risks against numerical targets 5 to 9, and should support a demonstration that the risks are, and remain, ALARP, and provides an input into risk-informed judgements both at the design stage and in operation. Further guidance is available in table A1-2.9.2 of PSA TAG-30 (ref. [39]), section 5 of IAEA SSG-3 (ref. [44]), and TAG-116 [42] on the use of PSA.
The PSA model has been developed and quantified in the EPRI CAFTA suite of PSA Software. This is a predominantly North American recognised PSA code used by many NPPs and has also been used by other RPs who have completed GDA. Due to this pedigree, I do not intend to seek verification and validation evidence for the CAFTA software, as I consider the RP is using it within typical operating parameters. 
The RP quantified the internal events L1 PSA to provide an estimate of the CDF using applicable accident sequences which resulted in core damage. A convergence study at successively lower truncation limits until convergence was obtained. The method for quantification the RP used is consistent with my regulatory expectations.
The quantification results for the CDF are documented the SMR-160 PSA Integration and Quantification Report (ref. [117]) for the at Power PSA, and in ref. [106] for LPSD states. These show the level of risk arising from the design is low, as is expected for a modern NPP design. The RP has not specified an internal CDF target, but seek to demonstrate compliance with the US NRC objective for CDF of 10-4 pry with significant margin. ONR does not prescribe a CDF target for reactor designs. The Working Group on Risk Assessment (WGRISK) of the Nuclear Energy Agency (NEA) issued a report which describes the PSA activity in the member countries which includes numerical criteria (ref. [118], and when compared with table 3-3, the CDF presented by the RP compares favourably. The UK PSA sensitivity study CDF at power results are similar (ref. [59]). 
However, the results presented do not include contributions from the SFP, fuel route, radwaste or hazards. Further, I identified potential gaps in the completeness of design specific credible IEs (see subsection 4.2.3.1), hence additional risk contributions from IEs not currently considered in the PSA may be added. This could be mitigated by some currently conservative modelling assumptions in the SMR-160 PSAs. It is therefore not currently possible to estimate the total CDF for the SMR-300. Given the commitments the RP has made to develop a full scope PSA which will consider all credible IEs (including hazards), successful delivery of the associated plans will likely allow a complete risk profile to be quantified.
The RP developed uncertainty parameters for each input to the PSA model to derive statistical uncertainty distributions when quantifying the PSA models, which I note is standard practice. I did not target and assess this aspect.
The RP presents a results discussion to provide risk insights and interpretation. The level of detail and interpretation of the aspects covered is adequate. Available risk insights, such as the overall balance of risk, and relative importance of trains of systems, or systems, which the PSA model could have provided, are however not discussed. I judge these omissions (see §207) are only a minor shortfall, and would be relatively straightforward to implement as part of a results review. The shortfalls will not be tracked, but may need to be revisited at a more mature stage of development.
The RP’s results discussion includes the presentation and discussion of the top risk significant sequences, the risk contribution of each IE, and the top minimal cutsets in the at power and LPSD PSA results reports. The RP also provided detailed importance analysis based on Fussell-Vesely and Risk Achievement Worth (RAW). Importance analysis is presented for basic events, CCFs and operator actions, which identifies the major contributors to CDF. Importance analysis is significant for providing insights for nuclear safety and identifying measures to reduce risk. The RP draws conclusions from the review of the results and provides risk insights. I judge the aspects for which a discussion was provided was at an adequate level of detail and interpretation, with exception of the relative significance of the IEs on the risk profile (see below). Given the state of maturity of the SMR-160 design when the results report was published, many of the risk insights focussed on areas where further model development was needed, for example not yet crediting systems due to the immaturity of the design, or not yet being able to credit operators to recover from system failures as detailed procedures are not yet available. I judge this is reasonable at this stage of the design.
[bookmark: _Ref209533094]The RP has not included a discussion on importance analysis for groups of basic events, for example all basic events which make up a system, or a train of a system, as set out in SSG-3 §5.171 (ref. [44]). This is important for developing an understanding of the overall risk significance of a system relative to others. This is however easily implemented and does not at this point in time present a major shortfall.
The RP does not provide a sufficiently detailed discussion on the overall balance of risk, which does not meet expectations set out FA.10, which states PSA should assist in achieving a balanced and optimised design. §749 of the SAPs states the risks from the facility should be balanced; that is, no single class of accident should make a disproportionate contribution to the overall risk. Where a particular class of accident or feature of the facility makes a disproportionate contribution to the overall risk, this should be identified, understood and justified. As indicated in §167, SLOCAs significantly dominate the SMR-160 risk profile. The potential implications of this regarding the adequacy of the design of the claimed safety systems is not discussed. The RP notes that currently only automatically actuating safety related systems are credited in the PSA, and once response procedures are developed operators will be credited to use non-safety systems. Hence, the results may evolve as the design and PSA matures, and I judge it is too early to form a conclusion on the overall balance of risk. I judge the RP’s minimal discussion of the overall balance of risk therefore does not present a fundamental shortfall at this stage of the design. 
The results from the original SMR-160 L1 at power PSA (ref. [117]) compared with the UK PSA Sensitivity study (ref. [59]) show that: 
In both models SLOCAs IEs dominate the CD risk profile primarily due to combinations of recirculation valve CCFs failing to open to establish long term cooling. Linked to this, most of the risk significant accident sequences and minimal cutsets are a SLOCA or a SGTR and failure(s) of establishing long term decay heat removal via low pressure injection / recirculation. These cutsets are the same as identified in the SMR-160 PSA results. 
The change in the IE frequency for Vessel LOCA is the most risk significant change as the updated frequency contributes approximately 30% to the sensitivity model CDF. There is no mitigation against a Vessel LOCA fault and therefore the IE is assumed to directly result in CD. Although numerically significant, the Vessel LOCA CDF is a fixed risk and therefore provides no risk insights with regards to the design of safety systems. 
Changes to the modelling of PSS software and DAS have been implemented to recognise the expected independence in means of initiating plant shutdown. The RP limited the claim on the PSS to 
1 x 10-4 pfd while modelling an improved performance for the DAS (pfd changed from 1 to 1 x 10-3). This change does not significantly impact the CDF, however the importance of PSS (for RAW) has been significantly reduced. 
I note modelling of the DAS in the PSA has yet to be developed due to anticipated changes in the design. 
Modelling of the AR is significant based on RAW importance in both models, as are CCFs associated with MOVs on the line between the PCMWT and the SFP which are needed to open to ensure a successful long term cooling.
I judge the changes in the results between the SMR-160 PSA and the UK PSA sensitivity study were minor (or inconsequential when considering the Vessel LOCA contribution), and supported the RP’s claim that the SMR-300 will likely have a similar risk profile (when modelled like for like) to the SMR-160.
To conclude, the RP’s approach to quantification meets expectations. The RP’s interpretation of the PSA results does not fully meet expectations from SAPs FA.10, FA.13 and FA.14. The results analysis provides no discussion of system importances and insufficient justification for the overall balance of risk, which would support the overall justification that risks have been reduced ALARP. However, as it is reasonably straightforward to improve the discussion of the results, and as the results will likely change as the design of the plant matures, I judge these are minor shortfalls and will not be tracked. 
ONR’s Targets 5, 6, 7, 8 and 9 provide a framework to assess the risk from accidents, with the numerical estimation of risk primarily generated through a Level 3 PSA. The PSA for the SMR-300 has not been developed yet. The PSA submitted for the SMR-160, although demonstrated as applicable to the SMR-300, is limited in scope (e.g. missing internal hazards and severe accidents). Whilst further development of PSA is required, some general conclusions can be drawn. The analysis submitted during GDA shows that the level of risk arising from the SMR-300 design is low: in the PSA PSR chapter B16 (ref. [11]), the RP provided an indicative comparison against the SAP numerical targets by extrapolating from the SMR-160 L2 PSA LRF results (approximately 1 x 10-7 pry for a single unit) which is low compared to currently operational NPPs. The RP thus claims the numerical targets are likely to be met with good margin. As described in subsection 4.2.2, the RP acknowledged in the RQ-02294 response that the results and insights of the SMR-160 PSA are not directly applicable to the SMR-300 design as the L2 PSA is likely sensitive to the design changes made. The RP however provided reasonable arguments that the magnitude of the LRF presented in the PSA PSR chapter is conservative, and the overall conclusion drawn remains valid. 
The RP has made a commitment (C_Faul_103) to develop a full scope SMR-300 L2 and L3 PSA which will also seek to reduce the current conservatisms present in the SMR-160 L2 model. The RP expects this to reduce the LRF and demonstrate further margin to the SAP numerical targets. Based on 
the commitments made by the RP; 
the overall modern reactor design featuring mainly passive safety systems, 
I have confidence that the BSLs for numerical targets 5 to 9 can be met.
Demonstrating Risks can be Reduced ALARP 
ONR’s expectations regarding PSA for demonstration of risks being reduced ALARP are set out in SAP FA.14 which states the PSA should be used to support the demonstration that risks are tolerable and ALARP. I have also referred to TAG 5 which provides guidance on the demonstration of reducing risks ALARP (ref. [38]). This sets expectations that on a complex high hazard facility (which an NPP is) a comprehensive PSA is developed to complement the deterministic safety demonstration. 
PSR Chapter A5 provides the overarching summary of risks having been reduced ALARP. Within it, PSA is referred to as a key tool in demonstrating that risks are tolerable and ALARP, and refers to PSR chapter B16 for the detail on the PSA methodology and results. 
As the SMR-300 design is not yet mature, and a full scope SMR-300 design specific PSA has yet to be developed, it cannot yet be concluded that the risks are tolerable and have been reduced ALARP. The RP instead sought to provide confidence that the validity of the PSA claims and arguments can be met with future PSA developments. This approach is consistent with my expectations. In the chapter summary of PSR B16, the RP based this on three legs: 
The existing PSA models comply with US PSA requirements supplemented with a gap analysis with respect to UK PSA expectations: I identified shortfalls in the RP’s methods (captured in RO-HOLTECSMR300-010) which could impact the PSA results and insights.
Evaluation of risk and demonstration against risk targets: The CDF results of the SMR-160 are low, and indicate the likelihood of a favourable comparison against the ONR numerical targets. However, this does yet include contributions from hazards, SFP, radwaste, fuel route and potentially design specific IEs. 
Use of PSA to reduce risk: The RP’s PSA project procedures define internal requirements on using PSA to communicate risk insights, and strong examples have been provided that the PSA is used to risk inform and develop the design. This is however not explicitly defined in the overarching design process requirements (captured in RO-HOLTECSMR300-012).
Based on the resolution plans submitted by the RP in response to the ROs, and commitments made to further developing a full scope PSA consistent with relevant good practice, I judge there is a credible path for the RP to use PSA to support a future demonstration that risks have been reduced ALARP. ONR will assess the final design and SSEC in future activities.
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6. This report presents the Step 2 PSA assessment for the GDA of the Holtec SMR-300 design. The focus of my assessment in this Step was towards the fundamental adequacy of the design and safety case. I have assessed the SSEC, SMR-300 design, and relevant supporting documentation provided by the RP to form my judgements. I targeted my assessment, in accordance with my assessment plan (ref. [30]), at the aspects of the SMR-300 design that are novel, contentious, or where significant safety claims are made.  My expectations were informed by ONR’s SAPs, TAGs and other guidance which ONR regards as relevant good practice. 
Based on my assessment, I have concluded the following:
The RP’s PSA specific project procedures which underpin the development of PSA, and its use, are a strength. There are however gaps in the RP’s overarching processes in terms of how PSA iterates and feeds into the design (captured in RO-HOLTECSMR300-012), although the practical and informal arrangements in place are adequate for the current level of maturity of the SMR-300 design and safety analysis.  
The PSA submitted in Step 2 GDA is for the SMR-160. The SMR-160 is an earlier iteration of the Holtec reactor design from which the SMR-300 has been developed. The PSA for the SMR-300 was still under development during the GDA, so was not available to be assessed. Through comparing the designs and conducting sensitivity studies, the RP has demonstrated that some aspects of the SMR-160 PSA are applicable to the SMR-300 design, which I was able to assess in GDA Step 2. However, the transferability of risk insights was limited to internal events and was not demonstrated for hazards or severe accidents. 
I was able to assess the suitability of the PSA methodologies in GDA as the methodologies being used to develop the SMR-300 PSA are the same as the SMR-160 PSA.   
The SMR-160 PSA quantifies risks arising from the reactor core, with no consideration of spent fuel pool, radwaste or fuel route faults. The SMR-160 PSA also does not include a Level 3 PSA. SMR-300 PSAs are currently under development. The RP has committed to producing a full scope PSA for the SMR-300.  
All key technical elements required to develop Level 1, Level 2 and hazard PSA models were present and described in the RP’s PSA methodologies. Several shortfalls within the PSA methodologies were however identified, which if not resolved, have the potential to challenge the adequacy of the PSA and the design. This includes the approach to identifying design specific internal initiating events, credible hazard combinations, the consideration of common cause failures, analysis of partial core damage sequences, human reliability analysis, and justification of the reliability data used. To recognise the potential significance of these shortfalls I raised RO-HOLTECSMR300-010 detailing the shortfalls. The RP has acknowledged these and prepared a resolution plan on how it intends to address them. I judge the RP’s resolution plan is appropriate and successful delivery of the plan provides a credible path to closing the identified gaps.
ONR’s Targets 5, 6, 7, 8 and 9 provide a framework to assess the risk from accidents, with the numerical estimation of risk primarily generated through a PSA. The PSA for the SMR-300 has not been developed yet. The PSA submitted for the SMR-160, although partially demonstrated as applicable to the SMR-300, is limited in scope (e.g. missing internal hazards and severe accidents). Whilst further development of PSA is required, the analysis submitted during GDA shows that the level of risk arising from the SMR-300 design is low. I have confidence that the BSLs for numerical targets 5 to 9 can be met.   
Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence, I have not identified any fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic Holtec SMR-300 design. However, I have identified a number of methodological shortfalls, which if not resolved, have the potential to challenge the adequacy of the PSA analysis of the SMR-300 design and therefore the safety case for a UK deployment. These have been captured in a regulatory observation to ensure they are followed up and closed out in the future.
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	Design basis analysis, PSA and severe accident analysis
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	Need for PSA
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	Validity
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	Scope and Extent
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	Adequate Representation

	FA.14
	Use of PSA

	AV.4
	Computer models
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Figure 8: LOCA Accident Progression




